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Abstract 

The purpose of this thesis is to deepen the understanding of how disruptive technologies impact upon 

supply chain complexity. While supply chain complexity has been regarded to have substantially 

increased in recent decades, it is unclear whether the emergence of technologies related to the 

digitalization trend further accelerate this development or act conversely. These trends are 

investigated firstly, through conducting a systematic literature review. Through such, a deep 

understanding about recent technological trends and their benefits, opportunities and challenges 

within supply chain management is provided. Secondly, the thesis refers to theory that categorizes 

complexity into complicatedness and uncertainty as well as necessary and unnecessary. It is found 

that disruptive technologies associated with digitalization increase complicatedness but decrease 

uncertainty. Furthermore, complexity drivers are viewed in close interrelation as they impact upon 

each other. This paper provides theoretical implications and guidelines for managers to thoroughly 

understand supply chain complexity under the emergence of digital technologies. The study is an up-

to-date research including the very latest technological digitalization trends and how they may impact 

the development and future configuration of supply chains. A call for further investigation of specific 

technologies as well as their interrelationships is proposed.  
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1. Introduction 

Digitalization has been recognized to change today’s world and how humans live within it 

fundamentally (Porter & Heppelmann, 2014). New emerging technologies allow people, businesses, 

and societies to communicate and interact faster and more frequent than ever before (Schwab, 2016a, 

p. 2). However, while information and communication technologies have found widespread 

deployment since the emergence and widespread diffusion of computer technology in the late 20th 

century, recent technological developments seem to go far beyond the mere information and 

communication realm (Carr, 2003; Pettey, 2018; Schallmo & Williams, 2018). They have the 

potential and ability to deeply transform the way products and services are supplied, produced and 

demanded. The recent past has seen new technologies and emerging innovations gain increasing 

influence on how people live, work, and relate to one another. These technological breakthroughs 

cover fields such as artificial intelligence, robotics, the Internet of Things (IoT), nanotechnology, and 

quantum computing (Gartner, 2017; Pettey, 2018). In essence, these developments are often 

associated with a world that is increasingly becoming digitalized.  

Indeed, not a small number of academics and practitioners are going as far as to calling it a fourth 

industrial (Industry 4.0) or ‘digital’ revolution (Brynjolfsson & McAfee, 2012; Porter & Heppelmann, 

2014; Vitalis, 2016). Klaus Schwab (2016b), chairman of the World Economic Forum in Davos, 

Switzerland, frames it: “[The fourth industrial revolution] is disrupting almost every industry in every 

country. And the breadth and depth of these changes herald the transformation of entire systems of 

production, management, and governance”. Thereby, deep shifts across all industries are noticeable. 

New business models are emerging and incumbents are disrupted. Furthermore, production, 

consumption, transportation and delivery systems are reshaped (Berman, 2012). Generally, there is 

acceptance across academia and business that technological innovations will lead to deep 

transformations of supply chains (Brynjolfsson & McAfee, 2012; Schwab, 2016a, p.2f.). Efficiency 

and productivity are expected to increase in the long-term, as transportation and communication costs 

will drop, and automation technology improve. Further, logistics and global supply chains will 

become more effective, in terms of increasing customer value and satisfaction, competitive advantage, 

and diminishing costs of trade (Mentzer et al., 2001; Schwab, 2016b). Thereby, supply networks are 

expected to further evolve through changes in the way businesses interact with one another, as well 

as with other stakeholders, such as individuals, governments and societies as a whole. It may be 

argued that is not necessarily a ‘revolution’ but the need for firms to adapt to technological changes 
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seems more pressing than ever before. This change of business models must happen now in order to 

sustain competitiveness (Teece, 2010; Porter & Heppelmann, 2014; Opresnik & Taisch, 2015).  

These fundamental shifts in today’s business landscape require firms, and ultimately supply chains, 

to deeply understand the implications of the changes as it requires them to take decisive action to 

remain competitive. Indeed, the widely acknowledged view nowadays suggests that it is not 

individual companies that are competing against each other, but whole supply chains (Christopher, 

2016, p.16). Until recently, academia agreed that supply chains have turned into supply networks, 

where firms are not only connected to their first-tier suppliers and direct customers (Braziotis et al., 

2013). Instead, a broader perspective needs to be taken, which includes the whole of suppliers and 

customers, ranging from raw material suppliers to the end-consumer (Braziotis et al., 2013). As a 

result, better supply chain and ultimately improved focal firm performance can be reached (Dyer, 

2000, p.14f.).  

As such, firms have become parts of interconnected complex systems (Uprichard, 2018). In the past 

decades, this complexity was driven by trends such as geographically dispersed suppliers and 

customers, shorter product life cycles, and an increasing product variety among others (Perona and 

Miragliotta, 2004; Manuj & Sahin, 2011; Bode & Wagner, 2015). It is visible that, on the one hand, 

complexity has accelerated due to the need for increased coordination and operations integration 

across the system (Vachon & Klassen, 2002; Serdarasan, 2013). On the other hand, advancements in 

information and communication technologies have not only facilitated opportunities for 

communications but also made it faster and easier. These developments are further extended through 

the recent processes of digital transformation and emerging technologies (Porter & Heppelmann, 

2014). 

From an academic perspective, there is an underlying disagreement of whether the digital 

transformation will lead to further acceleration of supply chain complexity, or whether the associated 

technologies will act conversely. On the one hand, researchers foresee that the digital supply chain 

of the future requires an extended need for cooperation, collaboration, responsiveness, and flexibility, 

which makes them more complex in the future (Davis, 1993; Bode & Wagner, 2015; Christopher, 

2016). Giannakis and Louis (2016) note that “the growing need for customized products and services 

in many industries and the unprecedented levels of outsourcing have made modern global supply 

chains more complex than ever before” (p.706). On the other hand, proposals indicate that the 

globalization trend may reverse in the future, as production will be less dependent on globally 
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available cheap labor but is in close customer proximity (Wu et al., 2013; Ng et al., 2015; Ben-Ner 

& Siemsen, 2017). Ben-Ner and Siemsen (2017) view supply chains to become less complex 

“because there will be fewer parts, [thereby] fewer companies will participate in the chain of firms 

that bring a product to market. Similarly, since production will take place closer to the customers (…) 

fewer companies will be required to organize distribution (…). This will massively reduce the supply 

chain coordination challenges that have appeared after supply chains became more complex” (p. 

19). 

Having these contradictive propositions in mind, this paper seeks to address the question of how the 

trend towards digitalization affects the complexity of supply chain configurations that companies find 

themselves in. To do so and shed light on how current technological trends may affect upon today’s 

supply chain configurations, a systematic literature review (SLR) is conducted. Through this 

methodology a structured approach to assessing the recent literature is applied. It further allows for 

purposeful discovery of most prevalent topics under investigation and through evaluation and 

synthesis of these, new insight can be derived and opportunities for future research highlighted 

(Tranfield et al., 2003; Rousseau et al., 2008; Durach et al., 2017a). Thereby, this study ultimately 

provides a broad, yet deep understanding of which aspects, trends and technologies may be associated 

with digitalization and what research finds to be most trending in terms of supply chain design, 

development and benefits or barriers to adoption. The findings are brought in line with theoretical 

conceptions of the study of supply chain complexity and allow for some insightful conclusions to be 

drawn in order to answer this study’s research question: 

How do disruptive digital technologies influence the development of supply chain complexity? 

The paper is structured as follows. Firstly, a general theoretical background of the two phenomena 

observed, that is supply chain digitalization and supply chain complexity, is given. The paper then 

reviews the existing and most recent literature that has been published dealing with digitalization 

within the supply chain management (SCM) field. For this, the methodological part forms the 

research question and lines out the process of finding relevant literature to address the question. The 

results are reported two-fold: a brief general data analysis based on publication characteristics and a 

content-based systematic literature review. The descriptive approach provides an overview of 

publication year, authors, publication journal, industry and technology. The content-based analysis 

builds upon the topics discussed and investigated in the papers of the literature base and the respective 

authors’ conclusions. These findings are then synthesized with the theoretical foundations and most 
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pressing studies of supply chain complexity, specifically, Vachon and Klassen’s (2002) 

conceptualization. Thereby, complexity drivers that affect complicatedness and uncertainty are 

identified and then further divided into necessary and unnecessary complexity (Serdarasan, 2013). 

Building on that, conclusions can be drawn in order to answer the research question of whether and 

how emerging technologies will affect the supply chain complexity which is also discussed in 

accordance with current academia. In terms of managerial implications, a stepwise approach is 

proposed for managers to gain an appropriate understanding for the complexity they are faced with. 

The paper resumes with the limitations of this study and presents prospects for further research and 

closes with a conclusive note. 

2. Theoretical Background 

2.1. Digitalization 

In the era of Industry 4.0, many companies are forced to adapt to the trend of digitalization in order 

to stay competitive and up-to-date (Schrauf & Berttram, 2016). It implies that the traditional supply 

chain must strive to become more connected, efficient and agile. In the past, the supply chain 

consisted of separate linear stages ranging from manufacturing, distribution to marketing and 

customer purchase. The recent trends, however, indicate that the supply chain is becoming more 

integrated and transparent to all participants of the value chain which is referred to as the supply chain 

network (Mussomeli et al., 2016). The phenomenon of transformation into a digital supply chain 

network entails advantages, such as the ability to share information and to make decisions with a 

holistic view of the supply chain. However, it also bears disadvantages such as the risk of sharing 

private information and opportunistic behavior of partners when information is shared (Klein & Rai, 

2009; Wareham et al., 2014). 

Today, digitalization is not an option but an obligation for most companies (Robinson, 2016). The 

business environment is increasingly shifting towards customer-centrism, sustainable supply chains, 

and digital networks, to allow for a sharing economy and customized production. To adapt to these 

trends, establishing a transparent, agile and connected network is of utmost importance (Alicke et al., 

2017). In order to achieve such a supply chain ecosystem, different technologies are needed (Singh, 

2016). Once these technologies are implemented, companies can manage to react to changes in the 

supply chain and possibly foresee them before they occur. Companies will be able to master the 
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competition in providing efficient, transparent and customized products and services to customers 

(Alicke et al., 2017).  

However, integrating a new technology into a company’s processes may not be easy. Many 

companies are still either in the early implementation stage or far behind, due to a lack of 

understanding the impact of digitalization (Gunasekaran & Ngai, 2004). Furthermore, companies also 

face challenges in proper data management systems and identifying proper leaders with appropriate 

skills and experience (Shrewbury et al., 2015; Alexander et al., 2016).  

2.1.1. Development of Digital Supply Chain 

Historically, there have been three industrial revolutions – (1) the invention of the steam engine and 

construction of railroads which ushered in the first mechanical production (1760-1840), (2) the advent 

of electricity and the assembly line that enabled mass production (late 19th century to beginning of 

the 20th century), and (3) the computer revolution fostered through information technology (IT) and 

automated production (from the 1960s onwards). By definition of ‘revolution’, these were marked by 

abrupt and radical changes through which economic systems and social structures were 

fundamentally reshaped. Now, the fourth industrial revolution, often referred to as Industry 4.0, is 

often assumed to have arrived (Marr, 2016). Pfohl et al. (2015) define Industry 4.0 as “the sum of all 

disruptive innovations derived and implemented in a value chain to address the trends of digitalization, 

autonomization, transparency, mobility, modularization, network-collaboration and socializing of 

products and processes” (p.37). Industry 4.0 is used as a term to describe the introduction of a new 

digital industrial technology, which enables the collection and analysis of data across machines 

(Scalabre, 2017). It is predicted that Industry 4.0 will transform everything people are currently used 

to, for example through the help of its machine learning algorithms, which are faster and more 

efficient than humans or existing technologies (Thomson, 2015; Marr, 2016).  

The Supply Chain 4.0 is a term used for a supply chain with usage of technologies from Industry 4.0 

(Alicke et al., 2017). This will lead to higher productivity, flexibility and efficiency due to intelligent 

production which results in higher quality products, lower costs and cheaper storage (Mussomeli et 

al., 2016; BMWI, 2017; Scalabre, 2017). The decline in cost of technologies enables companies to 

invest comparatively little money, but still benefit from digital technologies. While the costs have 

substantially decreased lately, technological capabilities and computing power have continuously 

grown. Moreover, digital technologies provide the opportunity to collect, store and analyze a huge 

amount of data which was not manageable before (Mussomeli et al., 2016). Digital transformation is 
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emerging very fast and is changing many aspect of society and the way people live. Not only higher 

life quality, new smart products and transformed business models are ensured by the digital 

transformation, but also increasing customer demands can be fulfilled. Today, more than 20 billion 

devices and machines are connected to each other through the internet. This number is estimated to 

reach half a trillion within in the next ten years (BMWI, 2017). 

2.1.2. Definition of Digital Transformation 

The terms ‘digitization’, ‘digitalization’, and ‘digital transformation’ are often used interchangeably. 

Thereby, the impression arises that the words have the same meaning (Sasson & Johnson, 2016). 

However, depending on the context, these terms take on different meanings. ‘Digitization’ is defined 

as the act of converting analog information into a digital form. ‘Digitalization’ or ‘digital 

transformation’ refer to the digital disruption taking place today, where advanced technologies 

provide new opportunities to drive business value (Mussomeli et al., 2016; Litzel, 2017). Digital 

technologies entail new technological capabilities and connect IT with operations technology. Due to 

this merge, more data can be gathered and analyzed in real-time and data accuracy can be increased. 

As a result, value-adding information is generated (Schrauf & Berttram, 2016). Therefore, this fourth, 

digital revolution is altering the way companies manufacture, design, produce and deliver products 

to customers, thereby reshaping the supply chain (Mussomeli et al., 2016). 

2.1.3. Impact of Digital Supply Chain  

Traditional supply chains are linear, static and sequential. Each step of the chain, such as 

manufacturing, procurement and sales, is considered separately by companies. Therefore, once a step 

encounters an unexpected event, the following step will be affected, and information and demand are 

not accurately forwarded along the chain (Mussomeli et al., 2016). From a supply chain-perspective, 

the main function of supply chain management (SCM) is considered as an operational logistics 

function. It ensures that production lines receive enough supply materials and customers receive their 

demanded products on time (Alicke et al., 2017). However, due to this fragmented supply chain setup, 

companies are not able to anticipate, prepare and respond appropriately to upcoming or unexpected 

changes resulting in missed business opportunities (Hanifan, 2015). As the demand for customization 

is increasing in a fast pace and firms cannot recognize the implications of such, companies will not 

be able to adapt and therefore satisfy customer needs (Alexander et al., 2016). In addition, a 

fragmented supply chain makes cultural and geographical differences even more apparent. Many 

companies have moved their production sites abroad to save costs. However, these spatial differences 

lead to higher business risks such as volatile exchange rates, unstable economic environments and 
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higher coordination costs (Kim & Chai, 2017). In fact, most companies have a centralized structure 

which may be cheap and efficient. However, it makes the company not flexible and agile enough to 

adapt rapidly to sudden changes of circumstances (Lee, 2004). 

With the new digital technologies that Industry 4.0 brings along, these challenges may possibly be 

addressed. It not only changes the way companies produce and manage the supply chain, but also 

allows for the creation of new value chains (World Economic Forum, 2016). Thereby, new supply 

chain capabilities can be created and new revenue streams established. Traditional supply chains are 

transforming into dynamic and interconnected networks that allow different stakeholders to be 

incorporated in supply and demand ecosystems. The new digital supply chain makes each step of the 

function an integral part from suppliers to customers. This enables more information sharing among 

participants and real-time data collection, which allows firms to act faster and more accurately 

(Mussomeli et al., 2016). Additionally, digital supply chains give leaders a holistic overview of the 

network to make efficient and effective business decisions. The importance of SCM is significantly 

growing as it is part of the strategic planning and business decision making. The change to a Supply 

Chain 4.0 is not easy, but an essential step to stay competitive (Alicke et al., 2017). A clear and deep 

understanding is needed to implement and adapt accordingly. Only by leveraging existing and new 

supply chain technologies, upcoming challenges can be mastered (Mussomeli et al., 2016).  

Digital transformation is reshaping the current supply chain which has already been affected by 

globalization and its increasing ties between various parties within the supply network (Braziotis et 

al., 2013). The complexity arising from this change can be influenced in various ways by digital 

technologies (Ben-Ner & Siemsen, 2017). The following will provide an overview of current 

complexity drivers which will later serve as a basis for the analysis in Chapter 6.  

2.2. Supply Chain Complexity  

From a supply chain perspective, it has been noted that in the last decades, due to factors such as 

globalization, outsourcing, and communication technology, firms have evolved from being single and 

independent units along a chain of suppliers and customers, into a complex network of organizations. 

These partner, collaborate, and streamline their operations to increase efficiency of the overall system, 

and thereby their own entity (Braziotis et al., 2013). While this view has gained widespread 

acknowledgement, it is observed that firms find themselves embedded in increasingly complex 

systems that need to be managed (Serdarasan, 2013). The complexity is inherent to the network 

phenomenon, which was driven by trends and developments such as supply chain size and structure, 
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customer expectations, environmental conditions, globalization, and organizational restructuring 

(Manuj & Sahin, 2011).  

Generally, complexity has been studied across a variety of fields and theoretical concepts relate to 

the study of patterns of change and continuity of complex systems (Bode & Wagner, 2015; Uprichard, 

2018). No matter what the discipline is, these systems tend to share several properties. Firstly, they 

are ‘open’, meaning that they consist of multiple and diverse components that interact together 

dynamically. Secondly, these components are ‘nested’. While they are whole entities themselves (e.g. 

a company), they are also part of something bigger (e.g. a network). Further, these systems are self-

organizing, adaptive, emergent and co-evolve through the multidirectional interactions of their 

components. Another feature is related to a complex system’s non-proportional relation to change. 

Small events may have a huge impact. But in many cases, the most robust and complex systems are 

those which are the most difficult to intervene in and make a fundamental change (Uprichard, 2018).  

Taking this into account, one can draw the parallels of such system structure with that of supply chain 

networks. It also shows factors that drive complexity and studies how active management has gained 

increased attention over the past years. Generally, the sources of complexity can be categorized 

according to their type, which can be ‘static’ (detail) or ‘dynamic’ (Bozarth et al., 2009). Building 

upon an extensive literature review, the authors define the first as the distinct number of components 

or parts that make up a system, which is driven by a number of variables embedded in the system. On 

the contrary, dynamic complexity results from the operational behavior of the system and its 

environment (Choi et al., 2001; Bozarth et al., 2009; Serdarasan, 2013). Based on this, Bozarth et al. 

(2009) suggest that complexity drivers stem from downstream operations (e.g. number of customers, 

heterogeneity of needs and shorter product life cycles), internal manufacturing operations (e.g. 

number of products, and/or number of parts) or upstream operations (e.g. number of suppliers and/or 

supplier lead times). In each of these three complexity sources, detail and/or dynamic complexity can 

play a role. In addition, Christopher (2016, p.174) highlights that ‘complex’ does not per se mean 

complicated but explains that it is a condition where the network is in a state of interconnectedness 

and interdependency. With such present, the outcome of complexity is then (increasing) uncertainty. 

One comparatively early contribution concerning supply chain complexity was made by Vachon & 

Klassen (2002) who developed a theoretical model of supply chain complexity and investigated how 

complexity influences the organizational performance. The model conceptualizes complexity based 
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on two dimensions, 1) a technological dimension and 2) an information processing dimension for 

complexity, as can be seen in Table 1.  

The first dimension distinguishes between technologies related to managerial techniques, methods, 

and knowledge, and those specifically related to products and processes. The theoretical basis is 

grounded in the distinction between dynamic and static complexity in manufacturing systems, as well 

as a distinction between object- and human-related complexity in technological systems. In that sense, 

the authors refer to ‘structural’ elements (that is physical products and processes) and ‘infrastructural’ 

elements (that is management systems). The second dimension relates to the varying levels of 

complicatedness on the one hand, and to varying levels of uncertainty on the other. By 

complicatedness, the extent and type of current interactions in the supply chain is referred to, mostly 

associated with the numerousness and variety of several components within the system. Uncertainty 

  
Technology 

  Process/Product 

(structure) 

Management Systems 

(infrastructure) 

In
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I 

• Skills and know-how required to 

operate processes or to manufacture the 

product (e.g., investment in AM 

technology) 

• Number of tasks and sub-processes 

• Number of parts/components (e.g., 

vertical integration) 

• Level of interaction between 

parts/components 

• Level of decomposability of processes 

III 

• Product variety and customization 

• Extent of supply network 

• Extent of customer base 

• Geographical span of suppliers and 

customers 

• Number of echelons in the supply chain 

U
n
ce

rt
ai

n
ty

 

II 

• Process capability of the focal firm 

(quality failures) 

• Process capability of suppliers 

• Throughput time variation and 

stochastic set-up time 

IV 

• Production scheduling changes 

• Late product delivery by supplier 

• Demand volatility 

Table 1: Supply chain complexity (Vachon & Klassen, 2002) 
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highlights the level of variety and predictability an organization and/or supply chain faces if, for 

example, there is a lack of information to perform a task. Thereby, a two-by-two matrix is developed, 

and specific examples are given in each quadrant in association to delivery performance outcomes. 

Once the drivers of complexity are identified, one can then assess their value and develop strategies 

to manage them (Serdarasan, 2013).  

In the literature, an important distinction is made between necessary and unnecessary complexity 

(Serdarasan, 2013). Whereas for necessary complexity companies are willing to pay because it may 

provide a significant value to the firm and result in a competitive advantage, unnecessary complexity 

brings no additional benefits but involves additional costs. Hence, the ultimate goal of a firm must be 

to reduce/eliminate and prevent the latter, and actively manage the first (Childerhouse & Towill, 2003; 

A.T. Kearney, 2004; Perona & Miragliotta, 2004; Hoole, 2005; Wu et al., 2007; Asan, 2009; 

Serdarasan, 2013). In a SLR, Serdarasan (2013) aggregate findings on supply chain complexity 

drivers and find common approaches to handle complexity. These are, firstly, to reduce or eliminate 

the factors that create unnecessary complexity, and, secondly, to manage necessary complexity by 

finding proper solutions and strategies. Ultimately, managers should then find ways to prevent any 

potential unnecessary complexity that might arise in the future. It implies that companies should have 

active complexity management systems in place. 

However, it has yet to be studied how the developments and new technologies resulted through this 

era of digital transformation will impact upon the complexity of and within supply chains. After the 

literature on digitalization of supply chains has been reviewed, these theoretical fundamentals of 

complexity related to SCM will build the foundation for a comprehensive analysis of currently present 

complexity factors and how they affect complexity. 

3. Methodology  

A SLR is undertaken, as the goal of this paper is to present a comprehensive overview of the status 

quo of the phenomenon of digitalization and its impact upon supply chain complexity. Historically, 

SLRs have gained considerable acknowledgement and approval in other fields of research such as 

medical science or healthcare (Tranfield et al., 2003). Tranfield et al. (2003) were the first to propose 

a wider applicability of the method and constituted that it can substantially benefit and enhance 

management science. They propose that a ‘systematic’ review allows for a guided process through 

which the researcher transparently maps his approach and the overall research process. Further, they 
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note that traditional ‘narrative’ reviews tend to be insufficient in their thoroughness and, hence, may 

not portray the actual phenomenon under investigation properly. Recently, SLRs have gained 

increasing attention within SCM for their distinctive research opportunities (Durach et al., 2017a). 

As such, a systematic review approach is viewed as an appropriate method for this thesis in the SCM 

field. However, building on epistemological and ontological idiosyncrasies associated with SCM, it 

is seen that a SLR can be a challenging task. Durach et al. (2017a) propose that the articles under 

investigation must take into account the diverging theories applied, differing units of analysis, the 

sources of data, the study context, diverging definitions and operational constructs, and finally, the 

different research methods. For example, the publications under examination in this thesis were found 

to study supply chains of different size, industry, and from different perspectives and with different 

focus. When mapping out different research findings, such differences must, and therefore will be, 

included. Thereby one can gain a rigorous understanding of the literature that has been published, 

without omitting the context of a publication (Tranfield et al., 2003).  

Relating to these idiosyncrasies, Durach et al. (2017a) investigated the development and fundamental 

underpinnings of the SLR method and proposed an adjusted step-wise approach to conduct a SLR in 

the field of SCM. The process involves an end-to-end approach that starts with (1) the delineation of 

the research question, (2) the determination of research characteristics, (3) the search for literature, 

(4) the selection of relevant literature, (5) the analysis and synthesis, and, ultimately, (6) the reporting 

of the results. Following these steps, the SLR approach goes beyond unstructured review approaches. 

It provides not only a transparent and comprehensible process, but also a contextual, conceptual, and 

temporal analysis that can allow for direct refinement or deduction of theoretical concepts. By 

building on this new paradigm and following the six steps proposed, this paper systematically 

investigates the academic literature that has recently been published in the SCM field with focus on 

digitalization and its associated technologies. As a matter of practicality, an additional step is included 

to allow for article elimination after reading the full texts. The steps are summarized in Figure 1 and 

are further elaborated on in the following paragraphs. 
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4. Selection of pertinent literature 

3. Retrieval of potentially relevant literature 

2. Determination of primary study characteristics 

Final literature base 

= 81 articles 

Database search 

= 2,051  

Duplicate elimination 

= 1,688 

Quality criteria application 

= 893 

Abstract scanning 

- Relevant: 103 

- In doubt: 9 (to 3rd person 

assessment) → relevant: 5 

= 108 

1. Definition of the research question 

Substep: Elimination after full-

text reading 

Figure 1: Article selection process (own graph) 
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3.1. Defining the Research Question 

The first step to conduct a SLR as proposed by Durach et al. (2017a) is to define a research question. 

This step sets the basis to further develop strategies on how to find relevant articles that address the 

‘what’, ‘when’, and ‘how’ questions that are associated with the phenomenon under investigation (cf. 

Rycroft-Malone et al., 2012 in Durach et al., 2017a, p. 74). As mentioned before, the researched 

phenomena in this study relate to the development of digitalization in today’s society and business 

landscape and the increased supply chain complexity in the last decades. With this and their 

interrelation in the future in mind, this study seeks to answer the question:  

How do disruptive digital technologies influence the development of supply chain complexity? 

This sets the basis for further characteristics and limitations within this SLR. 

3.2. Primary Study Characteristics 

In a second step of Durach et al.’s (2017a) methodological framework, specific inclusion criteria were 

selected in order for the search to yield literature that is potentially relevant for the outlined research 

question. The different criteria used in this thesis are summarized in Table 2 and are discussed in 

more detail in the following. 

 

Inclusion Criteria Rationale 

 

Content 

Only those articles should be included, where 

the title, keywords or abstract focus on the 

phenomenon of digitalization as defined, either 

- explicitly (that is direct mentioning of 

related words), or 

- implicitly (that is through assessment of 

a related technology) 

 

The article must have a strong association to 

supply chain (management) related matters with 

a focus on its network aspects. 

 

The article must be written in either English or 

German 

 

 

 

 

 

Due to the vagueness and inconsistent 

terminological usage in previous research, 

synonyms and closely related terminology must 

be considered. Furthermore, articles may be 

very specific and therefore focus on related 

technologies only without mentioning the 

overarching topic of ‘digitalization’. 

 

Focus of this research is to investigate the 

phenomenon of ‘digitalization’ and how it 

impacts/alters processes along the supply chain. 

 

English is the dominating research language in 

the field of SCM, as well as technology. In 

Germany, the term ‘Industrie 4.0’ was framed 

and has received broad attention. 
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The article was published between 2013-2017 

 

To focus on very recent developments that go 

beyond the mere advancement of information 

and communication technologies which have 

been around for many years and do not fall under 

the understanding of ‘digitalization’ of this 

paper. 

Quality 

The journal that the article was published in 

must be ranked in either 

- Journal Citation Report 2016: impact 

factor above 1.00 within the field 

‘business’ and ‘management’, or 

- VHB JOURQUAL3 ranking: AA-C 

 

 

Due to the recency of the general topic and its 

perceived importance it receives a lot of 

attention, resulting in a high degree of research 

or content creation. Not all this content may 

qualify to meet certain academic standards and 

reliability. 

Table 2: Summary of inclusion criteria 

In terms of content, the first criterion was set to ensure that the literature has an obvious association 

to supply chain-related matters. Furthermore, it needs to include all articles covering the topic of 

digitalization either explicitly or implicitly through the assessment of a specific technology. The 

rationale behind this decision is grounded in the study’s focus on the phenomenon of digitalization 

and its impact on the supply chain. Yet, as the term digitalization itself is not consistently used across 

research but used interchangeably with terms such as ‘digitization’ or ‘digital transformation’ (Litzel, 

2017), these were included in the search string as well. Further, digitalization can be implicitly 

reflected upon through the investigation of certain applications and technologies, such as ‘additive 

manufacturing’ (AM) or ‘big data analytics’. Articles focusing on these are, hence, potentially 

relevant and must be included as well. To focus on current technology trends only, articles referring 

to information and communication technologies, in a sense that it has developed with the emergence 

of computer technology, were not included. As such, an important distinction needs to be made 

between IT and information systems (Wade & Hulland, 2004). From a resource-based perspective, 

the former term focuses on singular assets whereas the latter includes a combination of assets and 

capabilities that culminate in the productive use of IT. In that sense, IT by itself does no longer 

provide competitive advantage as it has prevailed for many years and is in common usage. Thereby, 

it does not have the same disruptive character as extended IT systems have (Wade & Hulland, 2004). 

In that sense, IT and related tools, such as enterprise resource planning and customer relationship 

management, have become crucial for many organizations, but they have often not been integrated 

into core business operations. On the contrary, technologies and systems such as big data analytics 

may add value to firms significantly, as they help organizations “to understand their business 
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environments at a more granular level, to create new products and services, and to respond to changes 

in usage patterns as they occur” (Davenport et al., 2012). Another criterion was set based on the fact 

that similar studies to this one have been undertaken earlier. For example, Wu et al. (2016) undertook 

a SLR of smart SCM, investigating research from 2003-2012. Given that the technology shifting and 

changing the business landscape at such a rapid pace, and technological and digital developments 

finding accelerated adoption recently, only articles ranging from the years 2013 to 2017 were 

included. This should allow for a valid assessment of the very latest developments. Furthermore, only 

articles which have been published in either English or German were included. On the one hand, 

English is the dominating language in the field of SCM. On the other hand, a lot of research is being 

done in Germany, often under the term of ‘Industrie 4.0’, a term which has gained global recognition 

(Jede & Teuteberg, 2015). These criteria were considered as content-related and were supplemented 

by criteria that would ensure a certain degree of article quality through the publication’s relevance in 

academia (Durach et al., 2015). 

It is regarded as important that the initial search yields literature with a minimum degree of quality. 

Therefore, only peer-reviewed articles with a rating of AA to C in the JOURQUAL3 (JQ3) ranking 

provided by the German Academic Association for Business Research (VHB) or a minimum impact 

factor (IF) of 1.00 in the Journal Citation Report (JCR) provided by Thomson Reuters (2016) were 

considered as qualified. Even though both rank journals based on different criteria, they have gained 

recognition across academia as qualified and recognized rankings (Universität Hamburg, 2015). The 

former ranks a wide array of scientific journals in the field of business and economics, based on 

qualitative expert researcher surveys. It includes a list of 922 journals, of which 608 are ranked ‘C’ 

as the minimum. This C-level threshold ensures that journals are considered as relevant academic 

journals within the field of business and related disciplines (VHB, 2018). In order to further verify 

these ratings, a second, the JCR ranking, was included, which builds on the quantitative citation 

analysis. Since it does not specifically apply to one research area and in order to align it with the 

fields covered by the JQ3 ranking, a criterion was chosen to only include journals within the relevant 

field of this study, that is ‘business’ and ‘management’. Thereby, a list of 263 journals was retrieved. 

It then was further limited to include only journals with a minimum IF of 1.00, which still resulted in 

206 journals for inclusion (Clarivate Analytics, 2016).  

The application of such quality criteria ensures that the publication is verified to meet certain 

standards and has academic relevancy. As this study aims at including as many articles with potential 

relevance as possible, a decision has been made to take an inclusive instead of an exclusive approach 
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(Durach et al., 2015). It follows that taking all articles which would potentially be very context-

specific were still included. That is, articles with a focus on specific country, industry, or company, 

were not per se excluded. In addition, no differentiation between research methodology or theoretical 

contribution was made.  

3.3. Retrieving Potentially Relevant Literature  

Once the basic criteria were set, the actual search for articles was initiated. For the necessary database 

search, an accurate and appropriate delimitation of the search string is fundamental to the output result 

(Durach et al., 2017a). Therefore, in a first sub-step, the distinct terminology was outlined. For that, 

the terms such as ‘digitization’, ‘digitalization’, ‘digital transformation’, ‘innovation’, ‘Industrie 4.0’ 

and ‘fourth industrial revolution’ were included. Distinguishing between American and British 

English, or singular vs. plural spelling, respective differences were accounted for through the use of 

database-search features such as ‘?’ or ‘*’. In order to capture terms with implicit reference to 

digitalization and to have a structured and valid understanding for the latest technology developments, 

two widely acknowledged reports, a) the DHL Trend Radar and b) the Gartner Hype Business Hype 

Cycle, were chosen as bases for technological terms. 

DHL Trend Radar 

This publication is a report published by DHL Customer Solutions and Innovations and builds upon 

the research conducted by the DHL Trend Research in collaboration with Detecon Consulting. In this 

collaboration, participating parties set out to monitor and leverage the trends that will impact the 

future logistics industry. The main tasks comprise identifying and assessing key social, business and 

technology trends which are summarized in the report. It intends to serve as a dynamic tool for 

organizations to derive strategies and develop more powerful objects and innovations in line with the 

proposed developments. Furthermore, it provides a sound basis for further research (DHL Trend 

Research, 2016a). More specifically, this research aims at filtering the buzzwords that have ‘true 

game-changing potential’ from those that are ‘hyped’ and are likely to disappear soon (DHL Trend 

Research, 2016b, p.1). The findings and recommendations are based on investigation of megatrends, 

microtrends, start-ups, the researcher’s broad network, expert/partner expertise, and finally, frequent 

and open discussion with customers. Specifically, as shown in Figure 2, the report highlights 36 trends 

separated into Social and Business Trends and Technology Trends. Each trend is aligned according 

to its expected relevance on a time dimension and a low-medium-high impact dimension (DHL Trend 

Research, 2016b). In the light of finding key technological innovations and developments with high 
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impact within the supply chain field, social and business trends were found to be less relevant for the 

purpose of finding an appropriate search string. Independent of their impact-degree or relevance in 

time, twelve terms were selected to be used for the search string. A summary of those are found in 

Table 3. 

Gartner Business Hype Cycle 

In a similar manner, technological trends as proposed by the Garter Hype Cycle were extracted. The 

model was first released in 1995 and the proposed curve aims to depict the typical development of an 

emerging technology from overenthusiasm through a period of disillusionment to an eventual 

understanding of the technology’s relevance. Thereby, a trend can be positioned along the curve 

according to the dimensions of ‘maturity’ and ‘visibility’. It allows for a better understanding of 

whether a trend may be a ‘hype’ due to current media attention or whether it has proven to have 

potential by evolving on the maturity stage. In addition to the time dimension, the different trends 

identified by the Gartner Group are categorized by when the respective technology will reach the 

‘plateau’-stage, where the cycle ends, and at which point mainstream adoption of the technology 

surges and a majority (of firms) is beginning to adopt the technology. These forecasts are grouped 

Figure 2: DHL Logistics Trend Radar 
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into ‘less than 2 years’, ‘2 to 5 years’, ‘5 to 10 years’ and ‘more than 10 years’ (see Figure 3) (Gartner, 

2017).  

For this paper, those technologies expected to gain mainstream attention beyond the 10-year scope 

were neglected. The reason lies in the fact that the goal is to detect what the status quo of technological 

development in terms of digitalization is at the current stage and not, which technologies will be of 

relevance in the far future. Also, this decision is more in-line with the scope of the DHL Trend Report 

which shows that most technologies will be relevant in the next ten years (as of 2016). Therefore, a 

remainder of 24 technologies were kept to be included in the search string, as summarized in Table 

3. 

After removal of duplicates and generation of additional terms such as ‘IoT’ (as also represented 

through ‘internet of things’), a total of 40 search terms were derived and added to the search string.

Figure 3: Gartner Hype Cycle for Emerging Technologies, 2017 
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Technology 
Search String Terminology 

DHL Trend Radar Gartner Hype Cycle 

Self-driving vehicles  “self?driving vehicle*” 

3D printing  “3d?printing” 

Internet of things IoT platform “internet of thing*”; “iot” 

Robotics and Automation  “robotic*”; “automation” 

Cloud logistics  “cloud logistic*” 

Big Data  “big data” 

Unmanned aerial vehicles  Commercial UAVs (drones) “unmanned aerial vehicle*” ; “uav*” ; ”drone*” 

Self-learning systems  “self?learning system*” 

Bionic enhancement  “bionic enhancement” 

Augmented reality Augmented reality “augmented reality”; “ar” 

Low cost sensor 

technology 

 “low?cost sensor technolog*” 

Digital identifiers Digital twin  “digital twin*” 

 Deep reinforcement learning “Deep reinforcement learning*” 

 Neuromorphic hardware “neuromorphic hardware” 

 5G “5G” 

 Serverless PaaS “serverless platform?as?a?service”; “serverless paas” 

 Conversational user interface “conversational user interface*” 

 Smart workspace “smart workspace*” 

 Augmented data discovery “augmented data discovery” 

 Edge computing “edge computing” 

 Smart robots “smart robot*” 

 Virtual assistance “virtual assistan*” 

 Connected home “connected home” 

 Deep learning “deep learning*” 

 Machine learning “machine learning*” 

 Nanotube electronics “nanotube electronics” 

 Cognitive computing “cognitive computing” 

 Blockchain “blockchain” 

 Cognitive expert advisors “cognitive expert advi*” 

 Enterprise taxonomy and 

ontology management 

“enterprise taxonom*” ; “ontology management” 

 Software-defined security “software?defined security” 

 Virtual reality “virtual reality”; “vr” 

Table 3: List of technologies and search string terminology 
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3.4. Database Selection 

The technological terms and those with synonymic character to ‘digitalization’ were put as search 

strings into databases. For the selection of an appropriate database, two experts, both librarians at 

Copenhagen Business School, were consulted. In close collaboration with them, a multi-database 

approach consisting of three databases was decided upon: Scopus, Emerald Insights, and Business 

Source Complete (EBSCOHost). The search strings and respective additional settings are 

summarized in Table 4.  

Scopus 

As a multi-disciplinary research database featuring over 69 million records, Scopus is a relevant 

database for this SLR (Elsevier, 2018). Therefore, the search string was further adjusted to include 

only articles relevant in the subject area ‘business’. To account for the association with SCM, ‘supply 

chain’ was set as a keyword. This search resulted in an output of 667 articles qualified for further 

investigation. 

Emerald Insights 

This database includes content that is published by its own publishing house, which comprises over 

300 journals in the field of management, business and economics as well as some social sciences 

(About Emerald, 2018). Again, ‘supply chain’ was added as a keyword and the output was reduced 

to ‘articles only’. It thereby disregarded case studies that are mostly written for educational purposes. 

This procedure resulted in an output of 278 articles. 

Business Source Complete 

Business Source Complete provides scholarly journal articles in business and related disciplines, 

company profiles, market and industry reports and more through EBSCOhost (Business Source 

Complete, 2018). In line with the additional setting of the other databases, settings were set to ‘peer-

reviewed’ articles only and ‘supply chain’ was chosen to be a subject term. The result was a total of 

1108 articles. 

Given the fact that some articles may be found several times through multiple databases, the entries 

of each were then exported and integrated into one comprehensive list of articles. Duplicates became 

visible and could be removed in this way. This reduced the literature base to 1.689 articles. Applying 

the defined journal criteria for minimum quality, 893 articles were left. These were scanned for their 
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title, abstract, and keywords in order to assess whether they qualify for the final literature base 

according to the inclusion criteria. 

3.5. Selection of Pertinent Literature 

In order to reduce selector bias, the list sorted by author was randomized and information, such as 

journal ranking, was hidden (Durach et al., 2017a). Both authors of this thesis then examined each 

article separately and tagged it as either ‘relevant’ or ‘irrelevant’ independently. After complete 

assessment of all articles by both researchers, only those articles with mutual agreement on relevancy 

were kept, others were discarded from the list. In case of disagreement or uncertainty, the respective 

articles were jointly reviewed again and further discussed. This left nine articles still in doubt and 

hence, a third person, an academic expert in SCM, was asked to review the articles based on the same 

criteria as discussed above. The final result was a list of 108 articles with high likelihood of relevance. 

However, as abstracts were not always precise in their choice of words, for example concerning the 

technology examined, the opportunity of further article exclusion after the full-text assessment was 

kept open. While this is not a step as proposed by Durach et al. (2017a), it was deemed to be necessary 

to eliminate some articles. On the one hand, articles were incorrectly tagged by the database and did 

not represent peer-reviewed articles but, for example, editorials or call for papers. On the other hand, 

the broad terminological use in the abstract did not clarify concepts under investigation sufficiently. 

Often times, researchers refer to new technologies or innovations in the abstract. Yet, their definition 

refers only to information and communication systems, both terms that have been neglected from this 

research. After conducting this last step, 81 articles were classified as relevant and used for further 

evaluation.  

For a thorough understanding of the identified articles, they have been assessed from two different 

perspectives. Firstly, a descriptive approach was taken to highlight features or possible patterns of 

the publications in terms of journal, country, author and the like. Secondly, the articles were 

considered from a more qualitative viewpoint in order to gain an understanding of the topics, 

technologies, and trends discussed. To better serve this task, the articles were clustered into groups 

according to their study and/or technology focus. In parallel, this built the basis for identifying 

research gaps and possible contradictions across the papers and, also, for a broad understanding of 

developments in terms of supply chain complexity (Tranfield et al., 2003). 
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Database Search String Settings 

 

Scopus 
TITLE-ABS-KEY ( "deep reinforcement learning*" OR "neuromorphic hardware" OR 5g OR "serverless paas" OR 

"serverless platform?as?a?service" OR "digital twin*" OR "conversational user interface*" OR "smart workspace*" OR 

"augmented data discovery" OR "edge computing" OR "smart robot*" OR "internet of thing*" OR "iot" OR "virtual assistan*" 

OR "connected home" OR "deep learning*" OR "machine learning*" OR "nanotube electronics" OR "cognitive computing" 

OR blockchain OR uav* OR "unmanned aerial vehicle*" OR drone* OR "cognitive expert advi*" OR "enterprise taxonom*" 

OR "ontology management" OR "software?defined security" OR "augmented reality" OR ar OR "virtual reality" OR vr OR 

"self?driving vehicle*" OR "3d?printing" OR robotic* OR automation OR "big data" OR "cloud logistic*" OR "low-cost 

sensor technolog*" OR "bionic enhancement" OR "self?learning system*" OR digiti?* OR digital?* OR digital* OR innovat* 

OR "industr* 4.0" OR "fourth industrial revolution" ) AND KEY ( "supply chain*" ) AND ( LIMIT-TO ( PUBYEAR,2017) 

OR LIMIT-TO ( PUBYEAR,2016) OR LIMIT-TO ( PUBYEAR,2015) OR LIMIT-TO ( PUBYEAR,2014) OR LIMIT-TO ( 

PUBYEAR,2013) ) AND ( LIMIT-TO ( DOCTYPE,"ar" ) ) AND ( LIMIT-TO ( SUBJAREA,"BUSI" ) ) AND ( LIMIT-TO 

( LANGUAGE,"English" ) OR LIMIT-TO ( LANGUAGE,"German" ) ) AND ( LIMIT-TO ( SRCTYPE,"j" ) ) 

 

Limit to peer-

reviewed only 

 

Emerald 

Insights 

"deep reinforcement learning*" OR "neuromorphic hardware" OR 5g OR "serverless paas" OR "serverless 

platform?as?a?service" OR "digital twin*" OR "conversational user interface*" OR "smart workspace*" OR "augmented data 

discovery" OR "edge computing" OR "smart robot*" OR "internet of thing*" OR "iot" OR "virtual assistan*" OR "connected 

home" OR "deep learning*" OR "machine learning*" OR "nanotube electronics" OR "cognitive computing" OR blockchain 

OR uav* OR "unmanned aerial vehicle*" OR drone* OR "cognitive expert advi*" OR "enterprise taxonom*" OR "ontology 

management" OR "software?defined security" OR "augmented reality" OR ar OR "virtual reality" OR vr OR "self?driving 

vehicle*" OR "3d?printing" OR robotic* OR automation OR "big data" OR "cloud logistic*" OR "low-cost sensor technolog*" 

OR "bionic enhancement" OR "self?learning system*" OR digiti?* OR digital?* OR digital* OR innovat* OR "industr* 4.0" 

OR "fourth industrial revolution" 

 

Keywords: 

“supply chain*” 

Limit to “articles” 

only 

 

Business 

Source 

Complete 

(EBSCO) 

"deep reinforcement learning*" OR "neuromorphic hardware" OR 5g OR "serverless paas" OR "serverless 

platform?as?a?service" OR "digital twin*" OR "conversational user interface*" OR "smart workspace*" OR "augmented data 

discovery" OR "edge computing" OR "smart robot*" OR "internet of thing*" OR "iot" OR "virtual assistan*" OR "connected 

home" OR "deep learning*" OR "machine learning*" OR "nanotube electronics" OR "cognitive computing" OR blockchain 

OR uav* OR "unmanned aerial vehicle*" OR drone* OR "cognitive expert advi*" OR "enterprise taxonom*" OR "ontology 

management" OR "software?defined security" OR "augmented reality" OR ar OR "virtual reality" OR vr OR "self?driving 

vehicle*" OR "3d?printing" OR robotic* OR automation OR "big data" OR "cloud logistic*" OR "low-cost sensor technolog*" 

OR "bionic enhancement" OR "self?learning system*" OR digiti?* OR digital?* OR digital* OR innovat* OR "industr* 4.0" 

OR "fourth industrial revolution" 

 

Limit to peer-

reviewed articles 

only; 

Subject term 

(SU): “supply 

chain’” 

Table 4: Search strings
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4. Descriptive Systematic Literature Review 

For a first general overview, the articles have been assessed based on quantitative facts concerning 

their publishers, their authors and the technologies investigated. These features will be outlined in the 

following paragraphs and point out some general insights about the character of the literature base.  

4.1. Publication Year 

One inclusion criteria limited the literature to those articles that were published within the last five 

years from 2013-2017. While this does not allow for a long-term trend investigation, Figure 4 shows 

a clear picture that research within the field has picked up since 2014, possibly indicating the growing 

relevance of the topic. Most articles under review were conducted in 2017 with a total of 28 articles, 

accounting for 35% of the total literature base.  

 

4.2. Authors 

With regard to the authors who have published these papers, a total of 240 individual authors were 

counted. Out of the 240 authors, only 17 published two papers and only one was present with four 

papers. In addition, when looking at their academic associations, it also shows that the authors come 
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from a high number of different countries1. As summarized in Table 5, the highest number of authors 

is associated with U.S. universities. However, when summarized into continents, authors from 

European universities are represented with more than 50%. Here, the United Kingdom, Germany, 

and Italy make up for the majority of country affiliation. In addition, also Asia is well represented 

with almost 20%. These findings may suggest that the phenomenon of digitalization is of high 

importance across the globe, regardless of developed or emerging countries. 

Continent 

   

Country 

No. of 

authors 

Continent 

 

Country 

No. of 

authors 

Continent 

 

Country 

No. of 

authors 

Europe 128 Asia 47 North America 61 

Denmark 6 China 14 Canada 5 

Finland 2 Hong Kong 13 USA 56 

France 13  India 3   

Germany 24 Malaysia 4 South America 1 

Greece 2 Russia 1 Chile 1 

Ireland 2 Saudi Arabia 1   

Italy 24 Singapore 2 Oceania 3 

Netherlands 4 South Korea 6 Australia 1 

Norway 2 Taiwan 3 New Zealand 2 

Slovenia 1     

Spain 5   

Switzerland 4   

United Kingdom 39   Total  240 

Table 5: Number of authors by continent and country 

4.3. Publication Journal  

The 82 articles of the final literature base are published among 38 different journals. As Table 6 

shows, 14 journals published more than one paper. With a total of 13 articles, the International 

Journal of Production Research published by far the most.  

 

                                                 

1 Each author is associated with a university or similar academic institution. This institution’s location was taken as 

country origin. For example, if a Chinese professor was employed at a British university, the association would be 

‘United Kingdom’. 
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Journal  Number of Publications 

ACM Transactions on Management Information Systems 1 

Asia-Pacific Journal of Operational Research 1 

Benchmarking: An International Journal 1 

Business Horizons 2 

Business Process Management Journal 3 

California Management Review 2 

Computers and Industrial Engineering 4 

Computers in Industry 1 

Decision Support Systems 3 

Electronic Markets 1 

European Journal of Operational Research 1 

Industrial Marketing Management 1 

Information and Management 3 

Information Systems Management 1 

International Journal of Economics and Business Research 1 

International Journal of Integrated Supply Management 1 

International Journal of Logistics Management 1 

International Journal of Operations and Production Management 1 

International Journal of Physical Distribution and Logistics Management 4 

International Journal of Product Development 1 

International Journal of Production Economics 7 

International Journal of Production Research 13 

Journal of Business and Industrial Marketing 1 

Journal of Business Economics 1 

Journal of Business Logistics 2 

Journal of Business Research 1 

Journal of Cleaner Production 2 

Journal of Enterprise Information Management 2 

Journal of Industrial Ecology 1 

Journal of Management Information Systems 1 

Journal of Operations Management 1 

Journal of Supply Chain Management 1 

Management Decision 1 

MIT Sloan Management Review 1 

Production and Operations Management 1 

Production Planning and Control 6 

Service Industries Journal 1 

Technological Forecasting and Social Change 4 

Total 81 

Table 6: Number of publications present in SLR by journal 
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Furthermore, it is notable that all 38 journals have been ranked by the JQ3 ranking (see Figure 5), 

whereas not all were ranked with a sufficiently high IF by JCR (see Appendix 1). However, this may 

be attributed to the journal not being associated with ‘business’ or ‘management’ by the database2. If 

one adjusts this category attribution and adds the IF individually, only seven articles remain to be 

non-ranked by JCR. Despite two having an IF of just below 1.00, they remained given the ‘C’ ranking. 

All others were ranked above the 1.00 threshold. Also, as the majority of journals has an IF of more 

than 2.00 (see Figure 6), they amount for the top 36% of all journals ranked by JCR. Hence, the JQ3 

ranking is further supported through the high IF of the journals, and the articles are validated to stem 

from journals recognized to be of high relevance and quality in the SCM field (Durach et al., 2015). 

Furthermore, all journals can be related to one or more sub-disciplines within business according to 

the JQ3 ranking (VHB, 2018). As Figure 7 shows, publications within the operational management 

field of production, operations, and logistics tend to be high, whereas journals that would specifically 

target sustainability and service trade issues, are comparatively low. The same applies to journals 

associated with more strategic topics that would be reflected in organizational and general business 

studies. This may be a first indicator for potential research gaps. 

                                                 

2 For example, the journal ‘Computers and Industrial Engineering’ is ranked with an IF of 2.623 but does not fall within 

the ‘business’ or ‘management’ category. It is categorized as ‘computer science’ by the Journal Citation Report. Hence, 

this ranking was initially not reflected by the Journal Citation Report. 
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4.4. Industry 

Regarding the industries that have been studied, ‘manufacturing’ has received the highest attention 

with being studied by 16 articles in total. Besides this, no industry received more than four 

investigations. However, it must be noted that a high degree of articles was not associated with a 

specific industry: 26 articles could not be classified to any industry, and eleven articles studied several 

industries at once. This indicates the high variety of industries in which ‘digitalization’ plays a role 

and suggests that any industry can be affected. It may also indicate that there is a potentially low 

degree of industry specificity in terms of opportunities and challenges associated with ‘digitalization’.  

49

28
21

16
10 8 7 5 3 1

0

10

20

30

40

50

60

N
u
m

b
er

 o
f 

Jo
u
rn

al
s

Number of journals by their management area

Figure 7: Journals by management area 



35 

 

4.5. Technology 

Looking at the articles from a technology perspective, that is assessing the articles for the technology 

that was studied, it can be seen that big data received the highest attention (see Figure 8). Some studies 

were also found to be ‘general’, that is. they did not investigate one specific technology, but rather 

several or none in particular. Technologies relevant in a single or very few papers were grouped into 

‘other’.  

 

In the next chapter, Chapter 5, these different categories are grouped into clusters according to their 

type of technology which will further be discussed: advanced manufacturing technology, integrative 

technology, advanced logistics technology and advanced web technologies (see Figure 9). For 

instance, three-dimensional (3D) printing falls within the sub-category of advanced manufacturing. 

Based on this categorization of technologies, it becomes apparent that integrative technologies 

receive the highest attention across the studied literature base. On the contrary, advanced logistics 

and web technologies receive relatively little attention, even though they comprise a wider variety of 

concepts, such as Cloud Computing (CC), electronic (e-)commerce, mobile (m-)commerce, and 

mobile applications. This may indicate which technologies are viewed as to have the highest potential 

in terms of a digital transformation but it is also attributable to their wide applicability across 

industries and companies. In addition, these research foci may reveal potential research gaps. 

Figure 8: Publications by technology focus 

3D-Printing; 5

Additive 

Manufacturing; 7

Big Data; 18

IoT; 9Physical 

Internet; 3

RFID; 7

Cloud 

Computing; 3

General; 17

Other; 12

Number of publications by technological focus
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5. Content-based Systematic Literature Review 

For a content-based understanding of the pertinent literature, the articles were categorized according 

to their research topic, technology, and findings. Each article was firstly associated with a set of 

keywords that were the most prevalent to it, including concepts, technologies or other characteristics. 

For example, if an article examined big data analytics and focused on respective benefits and barriers, 

keywords such as ‘big data analytics’, ‘benefits’, and ‘barriers’ would have been assigned to the 

article. This resulted in a total of approximately 200 recurring keywords which were then mapped out 

and clustered into patterns that emerged through manual, iterative redistribution of the keywords. On 

the highest level, two groups were built based on patterns related to the disruptive technologies under 

investigation, and supply chain development and design. This chapter is structured accordingly. The 

structure and the associated publications are also summarized in Table 7. 

Advanced 

Manufacturing; 

18

Integrative 

Technologies; 34

Advanced Web 

Technologies; 9

"General"; 18

Advanced 

Logistics 

Technology; 2

Number of publications by technology group

Figure 9: Publications by technological group 
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Disruptive Technology  

Advanced Manufacturing Attaran (2017); Baumers, Tuck, Wildman, Ashcroft, Rosamond and Hague (2013); Ben-Ner and Siemsen (2017); 

Bogers, Hadar and Bilberg (2016); Calabrese and Vervaeke (2017); Durach, Kurpjuweit and Wagner (2017b); 

Harrington, Phillips and Singh Srai (2017); Holmström, Liotta and Chaudhuri (2017); Jia, Wang, Mustafee and Hao 

(2016); Kumar, Graham, Hennelly and Srai (2016); Oettmeier and Hofmann (2017); Sasson and Johnson (2016) 

Integrative Manufacturing Addo-Tenkorang and Helo (2016); Aiello, Enea and Muriana (2015); Chavez, Yu, Jacobs and Feng (2017); Geerts 

and O’Leary (2014); Gunasekaran, Papadopoulos, Dubey, Wamba, Childe, Hazen and Akter (2017); Hahn and 

Packowski (2015); Hazen, Boone, Ezell and Jones-Farmer (2014); Hazen, Skipper, Ezell and Boone (2016); 

Herrmann, Rogers, Gebhard and Hartmann (2015); Hofmann (2017); Hu and Monahan (2015); Hua Tan, Zhan, Ji, Ye 

and Chang (2015); Hwang, Lee, Park and Chang (2017); Ivanov (2017); Kache and Seuring (2017); Kasiri and Sharda 

(2013); Kumar, Graham, Hennelly and Srai (2016); Lamba and Singh (2017); Lee and Lee (2015); Lee (2017); Li and 

Wang (2017); Mola, Russo, Giangreco and Rossignoli (2017); Ng, Scharf, Pogrebna and Maull (2015); Papert and 

Pflaum (2017); Papert, Rimpler and Pflaum (2016); Richey, Morgan, Lindsey-Hall and Adams (2016); Rong, Hu, Lin, 

Shi and Guo (2015); Sanders (2016); Schmidt, Thoroe and Schumann (2013);  Schoenherr and Speier-Pero (2015); 

Shen and Chan (2017); Wang, Gunasekaran, Ngai and Papadopoulos (2016); Wu, Yue, Jin and Yen (2016); Yang, 

Yang and Plotnick (2013); Zhong, Newman, Huang and Lan (2016) 

Advanced Logistics Technology Bechtsis, Tsolakis, Vlachos and Iakovou (2017); Fazili, Venkatadri, Cyrus and Tajbakhsh (2017); Ivanov, Dolgui, 

Sokolov, Werner and Ivanova (2016); Lerher (2016); Piccinini, Gamberini, Prati, Rimini and Cucchiara (2013); 

Regattieri, Santarelli, Manzini and Pareschi (2013); Yang, Pan and Ballot (2016); Zhong, Xu, Chen and Huang (2015) 

Advanced Web Technology Cagliano, De Marco and Rafele (2017); Cagliano, De Marco, Rafele, Bragagnini, and Gobbato (2015); Chan and 

Chong (2103); Jede and Teuteberg (2015); Johnson (2014); Lin (2014) Tarofder, Marthandan, Mohan and Tarofder 

(2013); Wu, Cegielski, Hazen and Hall (2013) 

Supply Chain Development and 

Design 

 

Supply Chain Evolution Letaifa (2014); Rong, Hu, Lin, Shi, and Guo (2015); Wu, Yue, Jin, and Yen (2016) 

Complexity Ben-Ner and Siemsen (2017); Giannakis and Louis (2016); Jia, Wang, Mustafee and Hao (2016); Jin, Vonderembse, 

Ragu-Natha and Turnheim Smith (2014); Kache and Seuring (2017); Richey, Morgan, Lindsey-Hall and Adams 

(2016); Sanders (2016); Schmidt, Throe and Schumann (2013) 

Decentralization Attaran (2017); Ben-Ner and Siemsen (2017); Bogers, Hadar and Bilberg (2016); Oettmeier and Hofmann (2017); 

Xue, Zhang, Ling and Zhao (2013) 

Virtualization Ben-Ner and Siemsen (2017); Bogers, Hadar and Bilberg (2016); Schroeder and Kotlarsky (2015); Vendrell-Herrero, 

Bustinza, Parry and Georgantzis (2017); Verdouw, Beulens, Reijers and Van Der Vorst (2015) 
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Value Creation and Customization Attaran (2017); Ben-Ner and Siemsen (2017); Bogers, Hadar and Bilberg (2016); Christopher and Ryals (2014); 

Durach, Kurpjuweit and Wagner (2017b); Holmström, Liotta and Chaudhuri (2017); Jia, Wang, Mustafee and Hao 

(2016); Letaifa (2014); Ng, Scharf, Pogrebna and Maull (2015); Poulis, Poulis and Dooley (2013); Oettmeier and 

Hofmann (2017); Sasson and Johnson (2016); Vendrell-Herrero, Bustinza, Parry and Georgantzis (2017) 

Collaboration and Integration Billington and Davidson (2013); Chan and Chong (2013); Harrington, Phillips, and Singh Srai (2017); Hofmann 

(2017); Huang and Lan (2016); Huo, Zhang, and Zhao (2015); Jede and Teuteberg (2015); Kache and Seuring (2017); 

Kim and Chai (2017); Lamba and Singh (2017); Lui, Ngai, and Lo (2016); Moyano-Fuentes, Sacristán-Díaz and 

Garrido-Vega (2016); Poulis, Poulis, and Dooley (2013); Richey, Morgan, Lindsey-Hall and Adams (2016); Salam 

(2017); Scuotto, Caputo, Villasalero and Del Giudice (2017); Wu, Cegielski, Hazen and Hall (2013); Wu, Yue, Jin 

and Yen (2016); Xue, Zhang, Ling and Zhao (2013); Yang, Yang and Plotnick (2013); Zhong, Newman, Huang and 

Lan (2016) 

Assimilation and Innovation 

Diffusion 

Assare, Brashear-Alejandro and Kang (2016); Cagliano, De Marco, Rafele, Bragagnini and Gobbato (2015); 

Gunasekaran, Papadopoulos, Dubey, Wamba, Childe, Hazen and Akter (2017); Leung, Cheung and Chu (2014); Lin 

(2014); Oettmeier and Hofmann (2017); Sasson and Johnson (2016); Schmidt, Thoroe and Schumann (2013); Sodero, 

Rabinovich and Sinha (2013) 

Table 7: Article clusters and respective authors
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5.1. Disruptive Technology 

This section provides a comprehensive understanding of the technologies under investigation in the 

various articles of the review. As mentioned in the previous descriptive literature assessment, most 

studies focused on one specific emerging technology. Referring to DHL Trend Research, these 

technologies are considered to potentially have a ‘disruptive’ character in a sense of fundamentally 

altering the business landscape, economies and societies as a whole (DHL Trend Research, 2016b; 

Harrington, 2017). Whenever possible, each publication was associated with the technology that it 

mostly referred to. In fact, only 18 articles referred to digitalization in such a broad sense that no 

distinct technology could be assigned. The rest of the articles were allocated into four groups. The 

first cluster is called ‘advanced manufacturing technology’, mainly specifying AM. The second 

cluster includes ‘integrative technology’, focusing mainly on big data. The third cluster relates to 

‘advanced logistics technology’ whereby the focus lies on ‘Physical Internet’ (PI) that facilitates and 

automates logistic processes. The last cluster covers the group of ‘advanced web technology’. 

Creating such clusters helps getting a structured understanding of where the focus of recent academia 

is and what the overall implications of these technologies are. The following section is structured 

accordingly. 

5.1.1. Advanced Manufacturing: Additive Manufacturing  

AM has recently started to gain increasing attention in the academic field of SCM although the 

technology itself has already been existing for some years, mainly for the use of rapid prototyping 

and rarely for industrial fabrication (Oettmeier & Hofmann, 2017). In their article, Oettmeier and 

Hofmann (2017) use the definition by ASTM Standard (ASTM Standard, 2012) to define AM as “the 

process of joining materials to make objects from 3D model data, usually layer upon layer, as opposed 

to subtractive manufacturing methodologies, such as traditional machining” (p. 98). Occasionally, 

literature also refers to synonyms or very related terms such as ‘direct digital manufacturing’ (DDM) 

or ‘rapid manufacturing’ and uses these interchangeably with AM (Sasson & Johnson, 2016). AM is 

expected to bring new production opportunities for different sectors, ranging from retail to medical 

industry. It is forecasted to have a fundamental impact on how production is configured and business 

is done in the near future (Attaran, 2017). One specific usage of AM is the 3D printer. 3D printing is 

the “making of 3D solid objects from a digital file” (Sasson & Johnson, 2016, p.82). Durach et al. 

(2017b) identified five AM processes that will gain importance in the future: 1) directed energy 

deposition, 2) material extrusion, 3) vat photopolymerization, 4) material jetting and 5) powder bed 



40 

 

infusion, whereas the authors suggest that the two latter ones are the most relevant processes. This 

technology is gaining more and more relevance due to the fact that it has the potential to transform 

the entire industry and the business model (Jia et al., 2016).  

5.1.1.1. Implications of Additive Manufacturing 

AM affects traditional manufacturing (TM) in several ways. The most discussed change that comes 

along with AM is the decentralization of supply chains and localization of manufacturing (Bogers et 

al., 2016; Attaran, 2017; Ben-Ner & Siemsen, 2017; Durach et al., 2017b; Holmström et al., 2017; 

Oettmeier & Hofmann, 2017). The highly sought-after emphasis on customers’ desire for 

customization can be supported by decentralization and localization. Therefore, production can 

become increasingly reconfigurable and higher product variety can be offered. This can lead to a 

higher service level and increased responsiveness to changes in customer demand (Durach et al., 

2017b; Oettmeier & Hofmann, 2017). AM facilitates the movement of the decoupling point to the 

latest possible stages along the supply chain and helps delay the differentiation of products and 

decrease the inventory of standard products inventory. Companies can take advantage of such 

changes as supply and demand can be matched more efficiently by differentiating in the last step of 

the supply chain when customer demand is known (Bogers et al., 2016). Bogers et al. (2016) suggest 

that the principle of Kanban can be used for standard inventory whereas the concept of just-in-time 

production (JIT) can be used for customized products. Especially for products for which the delivery 

time and product life cycle are short, AM is more beneficial than TM (Ben-Ner & Siemsen, 2017). 

AM does not require tooling when the appropriate materials are available (Holmström et al., 2017) 

and is less labor-intense (Kumar et al., 2016). This facilitates production to happen closer to the 

market. Therefore, AM can decrease the dependency on forecasting but also on cheap labor elsewhere. 

Furthermore, it can decrease the overall lead time and increase flexibility (Bogers et al., 2016; Kumar 

et al., 2016; Durach et al., 2017b). Localization of production also has its benefits as it offers the 

possibility to customize products according to market demand (Bogers et al., 2016). Moreover, Ben-

Ner & Siemsen (2017) argue that due to AM, the overall manufacturing trend will shift from 

globalization to localization, which may also lead to reduction in transportation and logistics (Attaran, 

2017). Likewise, AM can bring along new business opportunities since online platforms can be built 

which can connect manufacturer and customer to achieve better customization of products. The data 

generated from such platforms can then be used for further analysis of trends and demands. However, 

it is important to mention that AM can be implemented in decentralized, as well as in in centralized 

production (Bogers et al., 2016).  
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The 3D printing technology enables manufacturing not only to happen closer to the market, but also 

affects economies of scale and scope (Sasson & Johnson, 2016; Ben-Ner & Siemsen, 2017; Durach 

et al., 2017b). In TM, companies aim to make use of economies of scale to decrease unit cost and to 

reach a high utilization rate to reduce costs (Durach et al., 2017b). However, with AM, this approach 

is revoked as economies of scale diminish or even disappear. Through AM, small volume 

manufacturing is possible without losing efficiency. AM reduces the need for capacity management 

as the cost to produce one unit stays constant and is independent of production quantity, whereas in 

TM, the cost per unit decreases as the production volume increases (Ben-Ner & Siemsen, 2017).  

Economies of scale were not only pursued to decrease cost, but they also served as a protection barrier 

for new market entrants (Ben-Ner & Siemsen, 2017; Durach et al.,, 2017b). Now, with this new 

manufacturing technology, the barrier is reduced. Smaller companies can benefit from this change 

and compete with larger companies as big companies lose one of their major protection mechanisms 

and competitive advantages. Moreover, the supply chain can be shortened due to local production. 

Less suppliers are needed, up to the point where the producer may only need to source from raw 

material suppliers as parts and components may be printed by themselves. Through such, less 

companies are needed for the distribution of products (Ben-Ner & Siemsen, 2017). Ben-Ner & 

Siemsen (2017) further suggest that the supply chain can be broken up into smaller parts. This can 

result in smaller and flatter organization and employees with broader skills and knowledge, resulting 

in a reversed outsourcing logic and a decrease in globalization (Durach et al., 2017b). This may 

further lead to decreases in overall international trade (Ben-Ner & Siemsen, 2017).  

Closely related to these movements to more local production is the increasing trend of shifting from 

manufacturer-centricity to consumer-centricity, as supported by 3D-printing which moves the 

production closer to the end-customer (Bogers et al., 2016; Oettmeier & Hofmann, 2017). Therefore, 

on-demand manufacturing is possible (Ben-Ner & Siemsen, 2017). This customer-centric model will 

further enable an open business model where everybody, especially the users, are encouraged to 

contribute to innovation or product design. This leads to supplier and user co-creation where more 

value-adding activities are done by the end users (Bogers et al., 2016). Bogers et al. (2016) outline 

the possibility for home fabrication where consumers can print their own customized products at 

home. Companies can create online platforms where participants may contribute and exchange ideas. 

Computer-aided-design (CAD) files can be shared by companies which may be bought by users to 

print at home. Ben-Ner & Siemsen (2017) predict that 3D printers will become an ordinary household 

appliance in the future. Furthermore, through such online platforms, new business models can be 
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established, where companies can charge customers per print, since the shared CAD files can be used 

by many users (Bogers et al., 2016).  

As such, 3D printing brings along huge potential, but it is not fully developed yet. It is difficult to 

produce an entire product with a 3D-printer. Attaran (2017) proposes that a whole manufacturing 

process cannot be replaced by AM and make TM become obsolete. He claims that AM rather needs 

to be considered as a complement to the conventional manufacturing process in order to exploit the 

capabilities the technology offers. In other words, the two different manufacturing methods should 

be co-existing (Bogers et al., 2016). AM can be used to produce customized and personalized parts, 

whereas TM should be used for the standardized mainstream components (Attaran, 2017). Thereby, 

AM can replace an existing part of the conventional production process to increase the efficiency 

(Bogers et al., 2016). Furthermore, 3D printing can be used to produce geometrically complex parts 

in one process step which is digitally controlled (Baumers et al., 2013). This co-existence of both 

AM and TM can lead to improvement of production of present products, such as for example, 

implants or prosthetics in the medical field (Attaran, 2017). Companies need to learn how to deal 

with this duality (Ben-Ner and Siemsen, 2017).  

In their study, Sasson and Johnson (2016) propose that manufacturers should consider creating 

‘supercenters,’ which are facilities that “concentrate low volume, customized, and high urgency 

production” (p.83). They elaborate further that instead of changing the entire manufacturing industry 

at once, companies can gradually adopt 3D printing. Once the 3D printing skills are developed over 

time, those companies can then produce on-demand, even for other producers and individuals. Durach 

et al. (2017b) further suggest that 3D logistics service providers will develop and enter the AM market. 

No matter how the technology will be adopted and in what way it will be used, the new 

implementation of the disruptive technology will lead to a new competitive advantage (Bogers et al., 

2016; Calabrese & Vervaeke, 2017). Jia et al. (2016) highlight in their study the importance of early 

adoption of AM as a manufacturer due to the risk of being replaced or becoming obsolete, once 

retailers adopt the technology themselves. Therefore, manufacturers should consider the adoption of 

the technology as early as possible.  

Once implemented, AM may bring along new opportunities that will shape the whole industry and 

transform business models (Jia et al., 2016). According to academia, the aerospace, automotive, 

medical and pharmaceutical, architectural and construction, and retail industry will benefit the most 

in the future or are already benefiting from the AM technology. In general, due to AM, lead times 
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can be reduced, customization can be enhanced to fulfil unique customer or patient needs and real 

demand can be met (Attaran, 2017; Harrington et al., 2017). 

5.1.1.2. Barriers of Additive Manufacturing 

Although the expectations of AM were high, AM has not been implemented in a fast pace as many 

experts expected (Bogers et al., 2016; Sasson & Johnson, 2016; Durach et al., 2017b). Reasons for 

the slow movement are diverse, ranging from control mechanisms to high adoption barriers. Due to 

these reasons, companies are reluctant to invest in AM (Bogers et al., 2016; Durach et al., 2017; Jia 

et al., 2016; Kumar et al., 2016; Sasson & Johnson, 2016). First of all, the technology is not well-

advanced enough yet to produce an entire product out of different materials. The limited variability 

in materials hinders companies to adopt this technology. Likewise, Sasson & Johnson (2016) and 

Kumar et al. (2016) argue that 3D printing technology is not economical yet and should only be used 

when the production cost is lower, such as when prototyping. Secondly, process control is difficult 

to regulate. With decentralization, the production happens closer to the users but also in collaboration 

with the users. This contribution of users can make each process more complex and difficult to 

monitor. Furthermore, with the increasing number of designs due to customization, a higher variety 

of individual parts will be needed which further leads to higher complexity. In addition, the 

production of products can even happen at home at the customer site. Such a change in manufacturing 

brings along legal and regulatory consequences due to intellectual property (IP) issues (Bogers et al., 

2016).  

Further barriers that are mentioned in academia are the comparatively slow production speed, 

limitations of 3D printing processes, and education that is needed to train employees (Bogers et al., 

2016; Durach et al., 2017b). Attaran (2017) further count product size restrictions and production 

time as barriers of AM adoption. Overall uncertainty of transformation is seen as one main reason 

why companies are hesitant to adopt the technology. Stakeholders across the value network have 

varying ideas of the usage of the AM technology which hinders the agreement on how and whether 

to implement it. A coordinated approach is necessary to provide a mutual understanding of the 

barriers and benefits which will affect the entire network (Harrington et al., 2017). 

5.1.1.3. Determinants of Additive Manufacturing  

The benefits resulting from AM, such as on-demand production and a new competitive advantage, 

sound promising, yet there are also barriers. As such, some companies might rashly make decisions 

to adopt the technology (Attaran, 2017). On the contrary, many, especially large incumbent 
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companies, are reluctant to implement the new opportunity into their processes and the diffusion is 

considered to be slow. To address concerns about implementation, much research has sought to find 

determinants of AM adoption.  

Oettmeier and Hofmann (2017) conducted a study about the determinants when it comes to answering 

the question whether or not to adopt the AM technology. They identified five significant factors that 

companies should consider in the decision-making. First of all, complexity needs to be reduced. Only 

if a relative advantage is given when adopting the technology, that is a balance between cost and 

benefits, a company will consider risking the change. Complexity has reached another level when 

globalization emerged. Companies are therefore more likely to adopt the AM technology when this 

complexity of the supply chain can be decreased. Furthermore, demand-side benefits lead to AM 

technology adoption rather than supply-side benefits. Moreover, technology-minded companies are 

more likely to implement AM technology than less technology-minded firms. Companies that already 

have an existing technology structure and feel that AM is an appropriate fit to this, are more prone to 

make use of AM for manufacturing. As such, firms believe that compatibility is important as AM 

will then be easier to use, implement, and to maintain. Durach et al. (2017b) and Harrington et al. 

(2017) also name companies’ readiness as one factor for AM technology adoption. In addition, it is 

up to managers to observe, control and monitor the AM’s potential for one company. The last 

determinant that Oettmeier and Hofmann (2017) mention is the outside support. This support can 

range from employee training to building up a proper IT infrastructure and may reduce the uncertainty 

that companies perceive when adopting a new technology. Therefore, when adopting AM, firms 

should consider all implications and appropriateness to their systems. Furthermore, they should also 

take intra-organizational aspects but also inter-organizational factors into consideration to have the 

full overview of impacts of AM (Oettmeier and Hofmann, 2017).  

5.1.2. Integrative Technology: Big Data 

The second identified technological cluster is integrative technology. This technology is expected to 

change supply chains from analog to digital business ecosystems, mostly through the generation of 

big data (Kache & Seuring, 2017). Big data has the potential to transform current business models by 

integrating technology into physical objects, which allows for the generation of more data and 

information, and thus, for firm value creation (Addo-Tenkorang & Helo, 2016). Researchers argue 

that big data is not just another kind of technology but “it is the nexus of software, computing and 

technological capabilities that has ushered in an era of radically different competition and is a ‘tech’ 

disruption of historic proportions” (Sanders, 2016, p.44). Furthermore, big data analytics is prone to 
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become the priority for companies in the future (Sanders, 2016). Data can be collected via automatic 

identification (Auto ID) technologies, smart sensors such as Radio Frequency Identification (RFID) 

and digital devices (Zhong et al., 2016).  

Closely related is the IoT, a collective term which refers to the interconnectivity between physical 

products and computers. It is a paradigm that creates large amounts of data in various fields (Addo-

Tenkorang & Helo, 2016). Addo-Tenkorang and Helo (2016) refer to IoT as ‘Big Data II’ and 

describe that IoT is an integral part of big data (p.535). IoT is expected to change the landscape of 

industries and transform existing processes. Due to this, it is suggested that big data and IoT should 

be developed and viewed as a whole as the usage of IoT will lead to growth in big data (Ng et al., 

2015; Addo-Tenkorang & Helo, 2016). Big data, with its insights, facilitates SCM by providing a 

comprehensive view over processes and demand (Schoenherr & Speier-Pero, 2015). Richey et al. 

(2016) suggest that “big data in [SCM] should be characterized as structured and unstructured 

relationship-based information unique to business because of its volume, velocity, variety and 

veracity” (p. 719). Volume is the amount of data that is created through sensors embedded into objects. 

Velocity is referred to as the speed of data creation. Variety encounters the different types of data that 

are generated such as e-mails, videos or transactions. Veracity is defined as the change in data that 

happens, such as conversion or adjustment that affects its usefulness (Richey et al., 2016). 

Due to the innumerable amount of data that is generated through sensors embedded into objects, 

companies face the challenge to create value out of this data. In its nature, the data is unstructured 

when generated and collected. As such, it needs to be handled and assessed properly in order to make 

use of it (Kumar et al., 2016). If an organization is capable of doing so, it can serve the increasing 

customer demands and consumers’ desire for personalization, which is seen as a key differentiator in 

order to survive in the market (Zhong et al., 2016; Lee, 2017). Big data analytics responds to these 

challenges to understand customer behavior and give meaning to data. Sanders (2016) proposes a 

‘maturity map’ which explains a path that companies can follow to leverage on big data. The path 

includes elements of data structuring, data availability, basic analytics and advanced analytics. 

Companies need to take advantage of technologies generating big data to create competitive 

advantage. Otherwise they will not be able to keep up with rivals in the market (Lee, 2017). Despite 

the high potential and the hype about big data, companies should keep in mind that no one-size-fits-

all solution exists. It depends on the company’s needs to determine the cost of implementation, 

analytical tools for adoption which can lead to different complexity levels and capabilities. Therefore, 

companies need to understand the value they wish to create (Sanders, 2016).  
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In order to provide an overview of the current research status, the following will firstly discuss the 

implications of big data and then continue with barriers and challenges connected to big data. After 

that, levers and determinants of big data will be outlined. Lastly, anticipated future prospects of big 

data and recommendation for companies, when implementing big data into business, will be 

summarized from the reviewed articles.  

5.1.2.1. Implications of Big Data 

Several academic journals discuss and identify success factors of big data. The identified benefits are, 

among others, better decision-making, visibility and transparency, operational efficiency, and 

competitiveness (Aiello et al., 2015; Herrmann et al., 2015; Hua Tan et al., 2015; Schoenherr & 

Speier-Pero, 2015; Richey et al., 2016; Sanders, 2016; Zhong et al., 2016; Kache & Seuring, 2017). 

How each success factor contributes to the supply chain will be described in the following paragraphs.  

a) Better Decision-Making 

One of the most discussed success factors of big data is that of companies now being able to make 

better decisions within the supply network by using the collected data (Yang et al., 2013; Ng et al., 

2015; Li & Wang, 2017; Shen & Chan, 2017). So far, immense amounts of data have been collected 

but many companies did not know how to make use of them (Sanders, 2016). Now, with big data 

advancements, an infrastructure to handle data can be built to create more insight into the business 

and consumer demand (Li & Wang, 2017). Data can be collected through IoT, RFID or similar Auto 

ID technologies that enable tracking of processes. For instance, the status of material flows on the 

shop floor can be observed and send to the database (Hwang et al., 2017). With more accurate data 

available instantly, organizations can become better at forecasting and capacity planning (Yang et al., 

2013; Herrmann et al., 2015; Shen & Chan, 2017). Moreover, managers can make fact-based 

decisions due to information and knowledge generated through big data (Li & Wang, 2017). This 

information can then also be shared within and outside the company (Chavez et al., 2017). Due to 

more structured data and more value-adding information sharing among stakeholders, useful data 

along the supply chain is available faster than ever before (Herrmann et al., 2015). By increasing the 

velocity, efficiency can be taken to the next level (Hofmann, 2017). In general, better decision-

making with big data creates a high impact on business performance and provides firms with 

knowledge that did not exist before (Li & Wang, 2017). Thereby, it alters companies’ perception of 

various challenges they face, such as risk management. The new potential of organized data and its 

insightful knowledge facilitates that risks can be incorporated better into decision-making 
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(Schoenherr & Speier-Pero, 2015). For instance, real-time monitoring is possible which leads to better 

control of processes. Furthermore, high accuracy of real-time data can be achieved through IoT, 

which leads to better forecasting and predictability (Hahn & Packowski, 2015; Ivanov, 2017; Shen & 

Chan, 2017). Due to these possibilities, organizations can act faster in case of unexpected events and 

cooperation between different stakeholders can become more efficient (Yang et al., 2013). 

b) Visibility and Transparency 

Using big data can lead to higher visibility of the customer demands and consequently increase 

responsiveness. In times where customer satisfaction is key to success, understanding of customer 

behavior or perception and fast response to the market can be a big advantage (Kache & Seuring, 

2017). Furthermore, big data has the ability to enhance end-to-end visibility by bringing the supply 

chain closer together (Geerts & O ’Leary, 2014). Also, increased multi-tier transparency enhances 

not only communication between stakeholders, but also trust, thereby, supporting data sharing as well 

as more dynamic and flexible supply decisions (Richey et al., 2016; Kache & Seuring, 2017). 

Herrmann et al. (2015) discovered in their study, that such information sharing benefits all 

participants in the supply chain. Therefore, companies are encouraged to implement big data to be 

able to share information with others in the supply chain.  

c) Operational Improvement  

There are several improvements that can be achieved along supply chain operations. With big data, 

overall supply chain operational efficiency can be increased, for example, through real-time insights 

leading to tracking and monitoring possibilities. Continuous optimization and quality improvement, 

automation and predictive analytical insights can be obtained through the gathered data which is 

another reason to adopt this technology (Yang et al., 2013; Aiello et al., 2015; Richey et al., 2016; 

Kache & Seuring, 2017). Furthermore, stock-out costs and lead times can be reduced, and optimum 

inventory level can be reached (Richey et al., 2016; Chavez et al., 2017). Aiello et al. (2015) and 

Kache and Seuring (2017) further argue that overall improvements in efficiency and quality can lead 

to higher profitability. Chavez et al. (2017) also list flexibility as one improvement factor. However, 

the benefits of big data go beyond one’s own supply chain (Kasiri & Sharda, 2013). The newly 

generated and analyzed data can be used to improve other stakeholders’ operations by exchanging 

more insightful information with other network participants (Richey et al., 2016).  

d) Competitiveness 
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Newly created value and knowledge can lead to higher competitiveness of the supply chain (Hua Tan 

et al., 2015; Sanders, 2016; Zhong et al., 2016; Li & Wang, 2017). Companies can acquire new 

knowledge and use it as inspiration for new innovations and governance models (Mola et al., 2017). 

Besides, competitive advantage can be gained by collaborating with those outside of the industry. By 

partnering with different stakeholders, more insights will be generated which is useful to build a better 

understanding of the market and the customer demands. If companies are able to assess this 

knowledge, they can increase their competitiveness compared to their competitors (Sanders, 2016).  

5.1.2.2. Barriers of Big Data implementation  

a) Data Management   

Managing large amounts of unstructured data depicts a barrier for many firms. Such data are collected 

through digital sensors such as RFID in industrial equipment, automobiles, and electrical meters 

provides information about location, movement, temperature, and chemical changes in the air (Lee 

& Lee, 2015; Kache & Seuring, 2017). Although it seems to be useful for companies to have the data, 

it can also be a burden for them. The rapid emergence of data may blindside companies and leave 

them unprepared and clueless about how to assess the large amounts of data that simultaneously 

appear on various ends (Zhong et al., 2016). The biggest challenge companies face is that the 

collected or received data neither has a unified, consistent format, nor any structure. The missing 

format standard hinders information sharing and transfer between different systems. Likewise, further 

integration of partners into the network is aggravated (Hazen et al., 2014; Herrmann et al., 2015; 

Kache & Seuring, 2017). The lack of compatible systems leads to slow transfer of information 

whereby velocity, which is needed in order to reach higher efficiency, is not present (Zhong et al., 

2016). Furthermore, a holistic view over the supply chain is hampered due to missing standardization 

of processes (Kache & Seuring, 2017). Lastly, the data itself is sometimes distrusted as the database 

may be altered on purpose or accidentally, or be misinterpreted (Richey et al., 2016). 

b) Incorrect use of Big Data Technology  

Another challenge discussed in the literature is the incorrect or misuse of big data technology (Sanders, 

2016). Several reasons can lead to this case. For instance, different cultures, politics and strategies a 

company follows make it difficult to adopt one type of technological infrastructure. Therefore, in 

order to adopt the right infrastructure to send and receive data, companies need to acknowledge these 

differences when implementing big data analytics (Wang et al., 2016). Sanders (2016, p.35f.) 

identified four obstacles that companies struggle with when considering big data implementation. 
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The first hurdle is called ‘Needle in a Haystack’ and explains the situation when companies rush 

through implementation without considering their own goals and strategies. This can result in random 

and unsuitable technology adoption. The second hurdle is named ‘Islands of Excellence’ and 

describes the case when firms choose a specific process to optimize. However, it might happen that 

the selected process is not connected to the supply chain. The desired outcome will then not be 

accomplished. The third obstacle is labeled as ‘Measurement Minutiae’. Companies can become 

confused by the high number of newly available metrics. The incapability to manage these adds more 

complexity to the issue. The last hurdle is called ‘Analysis Paralysis’ and touches upon the inability 

of companies to handle the sudden and fast change of technological capability. Therefore, companies 

are advised to carefully observe and monitor the implementation of other players in similar industry 

to avoid the chaos that might arise (Lee & Lee, 2015).  

c) High Initial Investment 

Companies hesitate to adopt the technology due to high initial investments that are needed to 

implement a system required that handles the data. Not only the implementation and acquisition of 

storage and mining capabilities but also high-skilled labor is required where employees need frequent 

training in data management. The high initial investment can be frightening, especially for smaller 

companies, due to late realization of return. Furthermore, the system must be aligned with all partners 

in the supply network in order to collaborate, which necessitates a higher investment. The challenge 

to balance the cost and the potential of the big data system thereby remains (Herrmann et al., 2015; 

Richey et al., 2016; Kache & Seuring, 2017). Hence, implementing big data systems might not be a 

high priority for many firms or they might decide to proceed with existing technology to avoid high 

investments (Wu et al., 2016; Papert & Pflaum, 2017).  

d) Unskilled labor 

With new technologies, new capabilities are needed in order to be able to use them purposefully. 

Therefore, employees need to receive specialized training in order to skillfully analyze and process 

big data for better decision-making, which is a costly and time-consuming process (Richey et al., 

2016; Sanders, 2016). Furthermore, skills to disseminate real-time information are key for a 

successful usage of a big data management system. However, the inexperience of employees, the lack 

of skills, and the required knowledge of the unfamiliar technology hinder companies to adopt the 

promising technology (Schoenherr & Speier-Pero, 2015; Richey et al., 2016; Wu et al., 2016).  

e) Security and privacy concerns 
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Increasing privacy and security issues depict another hurdle for many firms. (Lee & Lee, 2015; Kache 

& Seuring, 2017). For example, IoT devices can provide a vast amount of data about IoT users’ 

location and movements, or purchasing preferences among others (Kache & Seuring, 2017). 

Protection of consumer data is challenging and complicated as privacy-concerned data is value-

adding to the company. Likewise, the increasing availability of data in virtual storages leads to 

increased risk and danger of cyber-attacks and cyber-crimes. In addition, weak web interfaces or 

insufficient software protection can lead to vulnerability of IoT devices in the sense of data leakage 

(Lee & Lee, 2015). Therefore, a defined protection and security strategy is needed to mitigate and 

reduce the risks that can appear through digitalization. Kache and Seuring (2017) argue, that firms 

need to put more focus onto this issue and regard it as a necessity instead of underestimating it. 

Nonetheless, companies need to value benefits of big data more, instead of being reluctant due to the 

high security and privacy concerns (Lee & Lee, 2015). Building on these benefits and barriers, 

researchers have identified several levers for the successful implementation of integrative 

technologies which will be discussed in the following.  

5.1.2.3. Determinants of Big Data 

Several determinants are found in the literature which are necessary in order to successfully 

implement big data. First of all, data management systems must be in place to ensure qualitative data 

that can bring value is used. Managers need to start viewing the quality of data in the same manner 

they view quality of products (Hazen et al., 2014). Furthermore, companies need a clear goal and 

strategy for what they aim to achieve and gain from big data (Rong et al., 2015; Sanders, 2016). Only 

with a clear goal, the acquired applications with appropriate metrics can be selected (Sanders, 2016). 

Hofmann (2017) emphasizes that velocity is needed to transfer captured data as quickly as possible. 

Likewise, big data volume and variety are factors that companies need to consider when planning to 

implement big data. Therefore, it is of high importance that companies are aware of the levers that 

must be considered when working with big data (Hofmann, 2017; Lamba & Singh, 2017). Companies 

should not only see it as an investment but as a necessity to implement big data analytics (Hazen et 

al., 2016). Similarly, seamless interfaces are required that assure a smooth information flow across 

organizational units and supply chain members (Sanders, 2016). Furthermore, collaboration and trust 

are important for big data as without it, a partnership cannot be established (Hazen et al., 2014; Hu 

& Monahan, 2015). Collaboration in terms of information sharing with experts with higher 

knowledge about data collection, storage, process and retrieval is required. Furthermore, 

collaboration requires openness and transparency (Hu & Monahan, 2015; Papert & Pflaum, 2017). 
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These factors enable a holistic view of supply chain which is required for a successful implementation 

of big data which can be facilitated by collaborating with different network participants and can lead 

to competitive advantages (Wang et al., 2016).  

Gunasekaran et al. (2017) further unveil in their study that management commitment is key for a 

successful adoption of big data. The acceptance for big data analytics is more positive when top 

management support is given. However, despite the high initial investment that is needed, the return 

will not be visible in the short-term (Richey et al., 2016). As such, managers still need to focus on 

the benefits that big data may bring along and keep a long-term vision for it (Wang et al., 2016).  

5.1.2.4. Recommendations and Future Perspectives 

New technologies are emerging fast and if companies fail to adapt to the changing environment, 

thereby dissatisfying users, they are likely to encounter losses in their market position before they 

can react (Lee, 2017). Herrmann et al. (2015) suggest that firms do not have to change whole 

processes and systems immediately but may adapt gradually. For instance, a company can start with 

RFID technology only in one small part of the process or implement the technology in an observable 

number of devices. By having an overview of the smaller implementation scope, firms can try to 

discern the effects of the technology on the supply chain (Herrmann et al., 2015). Given that, firms 

can identify current business needs and their current position to develop the right strategy (Rong et 

al., 2015). Furthermore, adoption of a new technology does not mean that the existing technology is 

useless. Schmidt et al. (2013) and Papert et al. (2016) discuss the co-existence of technology which 

means that, for example, existing barcode technology can be used with RFID technology to create a 

synergy effect. To accommodate the high cost of training employees, analytical outsourcing may be 

considered as a solution by managers. Analytical outsourcing is about partnering with external experts 

to deal with data. This approach can help firms who need to access the technology fast and lack the 

required highly-skilled labor. This, however, represents only a short-term solution due to the risk of 

dependency (Sanders, 2016). From a long-term perspective, firms should aim to build processing and 

handling big data capabilities within their own supply chain, as these are seen to provide competitive 

advantage (Hua Tan et al., 2015; Zhong et al., 2015; Sanders, 2016; Li & Wang, 2017). 

5.1.3. Advanced Logistics Technology: Physical Internet 

Conventional logistic systems still face issues such as empty travel and inefficient use of facilities, 

whereas PI can increase the logistic performance by offering higher customer service level (Fazili et 

al., 2017). This is achieved by flexibility and adaptability provided through PI mechanisms. For 
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instance, it is possible for users of the logistics network to use flexible and dynamic placements of 

their inventory in the network of PI. These positive characteristics can lead to more agile and robust 

logistic systems (Ivanov et al., 2016; Yang et al., 2016). Further, using transit centers, so called ‘PI-

hubs’, analog to internet hubs, transits can be facilitated. These hubs can be placed closer to customers, 

thereby decreasing the distance to each customer. Therefore, hours driven by truck drivers can be 

reduced. Furthermore, social costs which are defined as “the cost incurred per night if a truck driver 

has to take rest while on duty” can be decreased (Fazili et al., 2017, p.2718). Zhong et al. (2017) 

explore the possibility to link PI with RFID technology and wireless communication networks used 

on production shop floors. Big data analytics can then be used to visualize the logistic network and 

evaluate datasets for efficiency. 

Not only logistic processes itself are affected by this digital technology cluster but also the transit 

centers themselves become automated by technology (Piccinini et al., 2013; Regattieri et al., 2013; 

Lerher, 2016). New technologies allow efficient picking work stations in automated distribution 

centers which can lead to improvements in working time and more picking cycles (Piccinini et al., 

2013). Higher automation is enabled through technology in warehousing, leading to shorter response 

times. Furthermore, the storage space can be used more efficiently as, for example, shuttle-based 

storage and retrieval systems need fewer aisles to store products (Lerher, 2016). Regattieri et al. (2013) 

discuss automated storage and retrieval system which are beneficial for increasing volume for storage 

and reducing of labor costs and errors. Similarly, automated guided vehicles can be utilized to 

automate transportation and transfer (Bechtsis et al., 2017). Despite the benefits, these advanced 

logistics technologies entail challenges for companies.  

In order to make successful use of PI, companies need to overcome challenges and hurdles. Firstly, 

companies must consider that PI-hubs or transit centers will have a higher workload due to more 

frequent material handling, for example through a higher number of arriving trucks. Besides, transit 

centers need to be more efficient in terms of material handling than status quo logistics, as more 

handling is required, again, due to more frequently arriving trucks. Otherwise the reduction of the 

total cost of logistics is not achievable (Fazili et al., 2017). Automated storage and retrieval systems 

will also lead to higher handling throughout warehousing facilities (Regattieri et al., 2013). 

5.1.4. Advanced Web Technology  

A fourth subcategory that has been identified through the clustering process, is that of advanced web 

technologies, thereby referring to emerging technologies that relate to the usage of internet 
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specifically but go beyond mere IT systems. Tarofder et al. (2013) suggest that web technologies may 

transform entire business models, structures within organizations, as well as intra- and inter-firm 

relationships across the supply chain. Due to their heightened potential for improved business 

performance, advanced web technologies should become core business activities. Furthermore, the 

authors elaborate on the fine distinction that needs to be made between ‘internet’ and ‘web 

technologies’. The former is simply a structure of delivering web technologies. The latter combines 

advanced contents, thereby enabling collaborative business environments, as well as more efficient 

and effective coordination and integration (Tarofder et al., 2013). Through properties, such as 

offering a collaborative platform for all supply chain members involved, including customers, related 

technologies also go beyond traditional electronic data interchange systems. In their study of how to 

effectively diffuse web technologies in SCM functions, Tarofder et al. (2013) highlight the influence 

of three sets of characteristics of web technologies. First, the ‘new technologies characteristics’ are 

associated with 1) their perceived usefulness, 2) their complexity and 3) their trialability. Second, 

‘organizational characteristics’, especially in terms of (top) management support, and third 

‘environmental characteristics’ (competitive landscape and pressures) are deemed to be critical for 

the diffusion of new technologies. 

In a very similar manner, Lin (2014) studied the determinants of an e-SCM system, which is defined 

as a form of internet-based inter-organizational system. The focus lies on the platform-character, 

enhanced communication, collaboration, and coordination such technologies provide. On the one 

hand, systems such as shared databases and joint decision-making support systems help to overcome 

fragmented, silo-oriented supply chain processes with low cost yet rich content. On the other hand, 

benefits are heavily dependent on socio-technical interactions. Thereby, the context in which firms 

find themselves in is of deterministic character. These contextual settings relate to the three 

characteristics mentioned by Tarofder et al. (2013). From an organizational context perspective, Lin 

(2014) similarly finds top management support to be important. But she also adds a firm’s absorptive 

capacity to it, thereby referring to knowledge generation, absorption, and transferal capacities. The 

environmental context also emphasizes the competition among firms, and findings suggest that the 

higher the competitive pressure, the more likely a firm is to adopt an e-SCM. The technological 

context suggests that the perceived benefits positively affect adoption, whereas, in contrast to her 

hypothesis, costs were not found to have significant impact on the extent of e-SCM adoption (Lin, 

2014). Another contextual setting is added by Chan and Chong (2013) who see inter-organizational 

relationships as equally important as the diffusion of new technologies. However, these seem to play 
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an increasing importance at later stages of diffusion, that is after the technology has been evaluated 

and adopted but is yet to be routinized. This study is also more specific in the web technology under 

investigation, specifically relating to ‘mobile technologies’.  

Mobile technologies involve the integration of software applications with mobile devices such as 

smartphones. By integrating technologies, such as RFID, Wi-Fi and global positioning systems, they 

allow for seamless information exchange between supply chain members, “anytime, anywhere” 

(Chan & Chong, 2013, p.1197). As such, there is a new business channel emerging, referred to as m-

commerce. Merging the internet and wireless communication technologies allows for services, in 

which all electronic transactions, such as communication, interaction, purchase, and payments can be 

integrated into one network. It can be accessed independent of time and space, for example, through 

a mobile application. As a high level of integration among e-supply chain positions in terms of timely 

and accurate information exchange is vital, m-commerce is seen to have an immense potential. It can 

“purposefully support [SCM], from placing orders to delivering products, as well as making the 

associated decisions” (Cagliano et al., 2015, p.929). The authors investigate the e-grocery industry in 

particular, as it is seen to be a promising industry in terms of higher convenience, time-savings, wider 

product range and store availability as compared to traditional supermarket retailing. However, the 

market has failed to impactfully establish itself up to this point. Mostly, the reasons are attributed to 

the risk of selecting items, a lack of appropriate control, and the ‘typical risks’ of making complaints, 

slow web connections, security issues, and incomplete information about orders (Cagliano et al., 

2015). A simulation study with a mobile application that includes services ranging from product, 

order, inventory, and shipment information, that would charge a fee for receiving order to dispatching 

deliveries through the online service is run. Thereby, the Cagliano et al. (2015) find that efficiency 

and reliability of the mobile service are the most important determinants for widespread adoption. 

The pricing policy was not significantly important, as the cost was often perceived to be reasonably 

low. In a second study, building on this one, Cagliano et al. (2017) find that mobile services related 

to traceability, that is a track and trace option for all network participants, adds the most value to 

customers and other supply chain partners (Cagliano et al., 2015; Cagliano et al., 2017). The main 

benefits associated with such mobile technologies in particular, are the ability to provide personalized 

services, thereby customizing them to the (whole) supply chains’ needs, reductions in inventories, 

lower error rates (as they tend to be more accurate than humans), improvements in scheduling, 

allowance for tracking and tracing, and reduction in cycle times. Such technologies reduce mistakes, 
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allow for real-time monitoring and eventually increase customer satisfaction levels (Chan & Chong, 

2013; Cagliano et al., 2017). 

Also, Johnson (2014) notices the immense potential that such developments bring along for more 

efficient supply chains and how this may alter competitive dynamics. He investigates e-markets in 

the healthcare service sector in United Kingdom, an industry which has long been criticized for its 

inefficiency, thereby adding to the increasing costs of healthcare provision. Especially purchasing 

dynamics are seen to need improvement, but despite the new technological opportunities, they have 

not been adapted yet. Johnson (2014) studies the underlying dynamics of this by referring to an earlier 

established framework for supply-side e-market adoption barriers. He emphasizes that a limited 

understanding of the full-scale benefits that new technologies may bring along, as well as inertia to 

organizational (and cultural) change are essential adoption barriers. Furthermore, ambiguous 

directives from the central government limit the pace of adoption. He categorizes these barriers into 

risk perception, knowledge deficits, trust, firm size, and organizational readiness. These barriers may 

also be applicable to other advanced web technologies. 

Another example of web technologies is CC or cloud technologies. These are technologies, such as 

software, which are dynamically reconfigurable and enable ubiquitous, convenient, and on-demand 

network access to a shared pool of configurable information resources. Thereby, they are provided in 

a rapid manner and may be released, as well as managed, with minimum effort or interaction by the 

provider of the service. As such, they can take the form of software as a service (SaaS), infrastructure 

as a service (IaaS) or platform as a service (PaaS)3 and, as such, are sought to be performance 

enhancing on different levels (Wu et al., 2013; Jede & Teuteberg, 2015).  

Thereby, CC has been associated to bring a wide array of benefits but also risks to firms. It allows 

firms to quickly scale systems to meet specific needs for capacity, collaboration and coordination 

without sacrificing control or paying for additional unneeded capacity. Furthermore, it can be rapidly 

employed and adapted to future or unanticipated computing needs as it requires no installation and 

the system can be accessed from anywhere by assigned users (Wu et al., 2013). This reduces 

complexity and increases agility. Indeed, Wu et al., (2013) show that firms with a high degree of 

complexity apparent across their processes should be more likely to adopt CC software to reduce it. 

                                                 

3 Three different service levels. SaaS: “The end customer is purchasing the use of a working application.”; PaaS: “The 

capability […] to deploy onto the cloud infrastructure consumer-created or acquired applications created using 

programming languages and tools supported by the provider.”; IaaS: “The capability […] to provision processing, 

storage, networks, and other fundamental computing resources […].” (Hoberg, Wollersheim and Krcmar, 2012, p.5) 
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However, empirical findings do not reveal such patterns, which the authors associate with the risks 

and barriers for adoption. Most pressing is the issue of proprietary knowledge sharing or information 

leakage as firms are prone to keep their knowledge within their organization and want to prevent 

(outsourcing) partners to gain access to their knowledge. This highlights a contradiction, as to benefits 

are associated with cost reduction, IT value increase, higher security through technological 

advancement, agility, coordination and collaboration facilitation, and knowledge and information 

sharing. However, his opportunity for heightened transparency also seems to be the biggest threat 

perceived by firms, as they fear a loss of control over their knowledge properties. Thereby, as with 

the other technology categories, advanced web technologies are associated with performance 

improvements, but also great uncertainties (Wu et al., 2013; Jede & Teuteberg, 2015). 

In summary, the main opportunities lying within the full-scale adoption of web technologies are their 

potential to increase organizational performance, in terms of reduced inventory costs, more accurate 

demand schedules, and the ability to reduce product development time (Chan & Chong, 2013; Wu et 

al., 2013; Johnson, 2014; Jede & Teuteberg, 2015; Cagliano et al., 2017). While these may be seen 

as short-term goals of a company in increasing operational efficiency, on a strategic level, web 

technologies may allow for information sharing and closer collaboration. This leads to an 

improvement of the innovativeness of the end-to-end processes between companies, customers, and 

suppliers (Tarofder et al., 2013; Lin, 2014). On the contrary, adoption is often barred by limited 

understandings of the ‘real benefits’ as well as technological, organizational, and environmental 

contexts that firms find themselves embedded into (Cagliano et al., 2017). 

The technologies mentioned in this fifth chapter were studied in the articles of the literature base and 

provide an understanding of the different technological groups, their associated benefits and 

challenges, as well as their implications for future supply chain developments. Beyond this, most of 

the studies were found to investigate supply chains in terms of how they foresee them to develop due 

to these technological developments. In line with the keyword clustering process, the developments, 

trends and supply chain concepts most present and reoccurring were grouped and synthesized as 

presented in the following paragraphs.  

5.2. Supply Chain Development and Design  

Investigating the impact of digital transformation on supply chains, most articles sought to uncover 

and forecast how business models and supply chains will, or should, develop in the near future. These 

trends are not always forecasted to go the same direction. This suggests a wide range of scenarios to 
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develop in the future supply chain conceptualizations and practical implications (Giannakis & Louis, 

2016; Ben-Ner & Siemsen, 2017). This section synthesizes these predictions and the associated 

challenges and opportunities. Thereby, it provides an understanding of the high degree of industries 

and supply chain configuration predicted to change. 

5.2.1. Supply Chain Evolution  

On a high level, the conceptualization and configuration of supply chains and their development have 

been highlighted (Letaifa, 2014; Rong et al., 2015; Wu et al., 2016). According to Letaifa (2014), 

firms find themselves in an uneasy transition from supply chains into broad ecosystems in recent 

years. They evolve on the path from chains to networks, to business ecosystems and, thereby, from 

firm value creation to ecosystem co-creation. Similarly, Rong et al. (2015) propose that there is a 

“business ecosystem around IoT based industries with cross-industry stakeholders, in which different 

stakeholders can add value to the IoT based business” (p.42). For example, an IoT-based business 

ecosystem is not a simple supply network with connected nodes, but an extension of it. It integrates 

all stakeholders, who themselves are players that are directly or indirectly linked and can be connected 

through such. Wu et al. (2016) frame this development as the emergence of smart supply chains which 

is a new version of supply chains that seeks to establish a large scale of intelligent infrastructures for 

merging data, information, physical objects, products and business processes together. However, they 

also acknowledge that this will add to the complexity and vulnerability that networks find themselves 

exposed to. Such higher degree or new kind of complexity is also emphasized by Rong et al. (2015) 

who attribute it to the many stakeholders that must be considered nowadays and the many interactions 

among them and within their own organizational boundaries. 

5.2.2. Complexity 

The overall tenor of the studies consulted is that firms will face increasing complexity within their 

supply chain in the future. This is mostly attributed to the increased amounts of data that must be 

understood and analyzed purposefully in order to add value. Furthermore, firms are confronted with 

the task to acquire new IT capabilities and the widening of the supply chain and organizational 

boundaries. More parties that need to be orchestrated make the integration and alignment of processes 

increasingly more complex (Schmidt et al., 2013; Jin et al., 2014; Giannakis & Louis, 2016; Richey 

et al., 2016; Sanders, 2016; Kache & Seuring, 2017). A different picture is proposed by Ben-Ner and 

Siemsen (2017). Their outlook on the future supply chain configuration is characterized by 

mechanisms that will result in shorter and less complex supply chains due to fewer partners involved. 

Firstly, they suggest that through the widespread adoption of AM technologies, the logic of 
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economies of scale will be reversed. As unit costs in AM are nearly constant and thereby independent 

of production volume, this will decrease the dependency on large-scale production and allow smaller 

firms to compete and establish themselves in a market. In addition, there will no longer be a need to 

find distant suppliers who can produce most efficiently. Instead, production can be localized and in 

much shorter proximity to sales. While the distance between designer, producer, and consumer 

shrinks, overall trade in parts and goods, as well as wholesale trade will also decline. As such, the 

adoption of AM technology may give firms increased capabilities to produce in fewer parts or finish 

a product all by themselves, instead of relying on upstream suppliers. Similarly, Jia et al. (2016) 

investigate the disruptive character of AM manufacturing along the chocolate supply chain and 

propose that retailers may in the future ‘print’ chocolate themselves upon instant request of the end-

consumer to allow for personalization. Whilst the customizable chocolate market may be seen as a 

niche market, Ben-Ner and Siemsen (2017) exemplify their proposals concerning localization, and 

customization, along the textile and automobile industries. Both of these have, up to this point, been 

‘iconic’ and well-studied due to their development and associated complexity. In any case, upstream 

suppliers, up to the provider of raw materials, may become obsolete and vanish as actors in the supply 

chain. Such development would also alter transportation dynamics in a sense that orders will be more 

concentrated in the aggregated supply of raw materials and fewer intermediary products. Hence, 

supply chains will decrease in length as fewer companies are needed to bring a product to the market. 

The forecast proposes that organizational structures and supply chains in the future will exhibit 

smaller and flatter organizations, where employees will have broader skills and responsibilities, and 

where lower entry barriers lead to dynamic competitive landscapes. (Ben-Ner & Siemsen, 2017).  

5.2.3. Decentralization  

Closely related to such phenomena, this SLR presents that there is a general belief among academics 

that the future supply chain will become much more decentralized (Xue et al., 2013; Ben-Ner & 

Siemsen, 2017; Oettmeier & Hofmann, 2017). This development is driven by technological 

opportunities, such as the digital transfer of designs (Attaran, 2017) and by including consumers into 

production activities (Bogers et al., 2016). In summary, some technologies, such as AM, are found 

to promote a movement of manufacturing and production much closer to the end-consumer (Ben-Ner 

& Siemsen, 2017; Oettmeier & Hofmann, 2017). Furthermore, Xue et al. (2013) propose that 

decision-rights should be much more decentralized across organizational units as this allows for better 

management of IT components and subsystems. However, they argue that regarding risk mitigation, 

IT landscapes should become much more modular, which may potentially be in opposition to the 



59 

 

general call for integration and alignment of such (see Chapter 5.2.7.). Building on this proposition 

that IT units should gain more decision-rights, companies may be willing to take higher strategic risk 

when the IT unit knowledge is higher. In addition, there is a positive relationship between strategic 

risk taking in supply chain digitization and the realization of operational as well as strategic 

digitization benefits (Xue, 2014). Besides these proposals, business operations in general are 

forecasted to be in much closer proximity to each other. While the last industrial revolution has led 

to extensive globalization, the trend foreseen here would reverse this development in terms of a 

localization (Ben-Ner & Siemsen, 2017).  

5.2.4. Virtualization  

Another kind of distance besides the physical one is related to virtual proximity which allows for a 

decoupling of control, ranging from handling and observing of products to resources within an 

organization (Verdouw et al., 2015). This allows for increased control of processes anywhere across 

the globe through virtual proximity. As such, physical proximity becomes less important if advanced 

control capabilities can be gained. Vendrell-Herrero et al. (2017, p.69) observe that objects are 

increasingly becoming virtualized and that such “dematerialization of physical products” is changing 

firm’s positioning within supply networks due to lower transport and production costs and the 

different ways that firms engage with customers. Most notably, their findings suggest that this results 

in an empowerment of downstream firms. However, on the contrary to upstream suppliers becoming 

obsolete (Ben-Ner & Siemsen, 2017), they may capture value through adding digital services if they 

include difficult-to-imitate elements. More specifically, Vendrell-Herrero et al. (2017) examine the 

phenomenon of digital servitization which is defined as “the provision of IT-enabled ([that is] digital) 

services relying on digital components embedded in physical products” (cf. Holmström & Partanen, 

2014; Schroeder & Kotlarsky, 2015 in Vendrell-Herrero et al., 2017). While mere ‘services’ are often 

complementary to product offerings, digital services are most often substitutes. Examples can be seen 

in new digital retailers such as Uber, Airbnb, or Spotify. However, not even for those firms’ 

servitization is a guarantor for success. Often, because the marginal cost of producing new units is 

nearly zero, the value perceived by customers through the offering is also lowered. The authors 

conclude that firms closest to consumers have high bargaining power in supply chains which should 

be viewed as a paradigm shift in consumer valuation (Vendrell-Herrero et al., 2017). 

5.2.5. Value Creation and Customization  

While envisioned supply chain developments are ambiguous in terms of their configuration and their 

complexity, there is wide agreement on the value that technologies may offer in terms of transforming 
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products into experiences. Hereby, value is co-created and co-captured with customers and 

competitors, thereby creating a new inter-organizational context (Poulis et al., 2013; Christopher & 

Ryals, 2014; Letaifa, 2014; Ng et al., 2015; Bogers et al., 2016). With more permeable and less 

stringent firm boundaries, a new degree of consumer-/ customer-centricity is proposed (Christopher 

& Ryals, 2014; Ng et al., 2015; Bogers et al., 2016; Jia et al., 2016; Vendrell-Herrero et al., 2017). 

Bogers et al. (2016) suggest that firms, or the supply chains they are embedded into, must evolve 

from a manufacturer-centric to a consumer-centric value logic as production is evolving from mass 

production to mass customization to personalized production. Similarly, Christopher and Ryals (2014) 

claim that it would be more appropriate to speak of a ‘demand chain’ in the future, as firms should 

not be led by a production-push, but rather by a demand-pull logic. 3D printing is most often 

associated with allowing for extended personalization (Bogers et al., 2016; Jia et al., 2016; Sasson & 

Johnson, 2016; Attaran, 2017; Ben-Ner & Siemsen, 2017; Durach et al., 2017b; Holmström et al., 

2017; Oettmeier & Hofmann, 2017). Yet, Jia et al. (2016) propose that it serves as an innovative 

approach towards mass customization (vs. personalized production) giving a wider range of mass-

customized products the opportunity to be produced in a timely and cheaper manner. Similarly, Ng 

et al. (2015) examine the challenges of scalability and customization in parallel. Building on the need 

for consumer-centricity, they suggest that IoT now enables firms to move beyond viewing the 

customer as external where value is created upon exchange. Alternatively, customers can now be 

integrated into the system’s boundaries and co-create value ‘in-use’ through the experience of a 

product. While such a supply chain conceptualization has long been unviable, the dynamics change 

with the growth of the IoT. Single objects can exhibit ‘hyper-variety’ of use, observable through 

‘internet connected objects’-data which can be used for personalization and mass customization 

purposes (Ng et al., 2015, p.79). In that sense, the Ng et al. (2015) propose a ‘platform strategy’ 

where product customization is postponed indefinitely. The end-customer receives an incomplete 

product that becomes complete through adding consumer data. For example, by using a product, the 

customer may provide fundamental data, which would serve as the basis for the coming weeks’ 

product offerings. Thereby, historical usage data helps determine when the customer needs certain 

products, possibly even before he/she actively knows it by himself/herself (Ng et al., 2015). 

Depending on the demand for contextual variety, such a platform strategy becomes more profitable 

for firms, compared to a ‘tailoring strategy’ where customization is postponed to the latest stages 

possible, at the point of exchange. Similar to Ben-Ner and Siemsen (2017) and their proposal of less 

complex supply chains (see p.59), Ng et al. (2015) highlight that in a such a platform world, suppliers 
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upstream of the provider may find themselves in an increasingly commoditized environment as they 

compete to supply standardized features to the customizable platform. In addition, Vendrell-Herrero 

et al. (2017) suggest that it does not necessarily have to be the physical product per se that sees 

customization but rather the provision of digital services embedded into it, that create greater value 

to the consumer. Such customization and permeable firm boundaries demand a higher degree of 

collaboration among stakeholders (Bogers et al., 2016). 

5.2.6. Collaboration and Integration  

Nonetheless, beyond the disparate opinions on the degree of process and product standardization vs. 

personalization, there is a consensus across all articles, that the mere adoption of new technologies 

does not drive transformation or organizational change in itself. As Poulis et al. (2013) propose, in a 

digitally networked environment, capabilities for communication and collaboration are necessary in 

order to achieve competitive advantage. Firms must move beyond silo-thinking to mind-sets, where 

demand creation and fulfilment processes across functional and organizational boundaries are 

strongly aligned. Only if one, speaking of a supply chain and not the individual company, can deeply 

integrate the physical and the digital world, the profound transformational potential may unleash (Wu 

et al., 2016). 

Both, collaboration and integration are strongly and positively associated with operational 

performance (Scuotto et al., 2017). As Jede and Teuteberg (2015) emphasize, the task to integrate 

includes the selection, adaption, and usage of the most suitable technology which must be viewed 

from a supply chain perspective. Kache and Seuring (2017) show that intensification of both efforts 

along the supply chain enhances a trustful culture of relationship building and leads to higher levels 

of information-sharing across parties. In their study, they reveal that an integrated supply chain 

approach to collaboration through data and information-sharing which becomes possible through 

integrated data exchange platforms, is a central opportunity of new information technologies. Equally, 

collaboration can be viewed as “one of the leading game-changing trends for future supply chains” 

(cf. Stank et al., 2013 in Salam, 2017, p.299). Furthermore, Salam (2017) states that firms in the same 

supply chain have a higher likelihood to see benefits materialize, if connectivity across various 

technological tools is created and monitored.  

It is notable that whilst one stream of research views the technology implementation and adoption as 

to improve collaboration and integration across supply chain members (Xue et al., 2013; Yang et al., 

2013; Harrington et al., 2017; Kim & Chai, 2017), another stream views it as an enabler only, 
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proposing that technology needs to be supplemented by internal integration as well as external 

collaboration (Moyano-Fuentes et al., 2016). IT systems are often used as the key technological 

infrastructure but in order to improve performance, supply chain efforts with suppliers as well as 

consumers must be synchronized (Huo et al., 2015). In fact, as Kache and Seuring (2017) highlight, 

the effective and successful usage and implementation of new technologies is a fundamental 

challenge for firms, as parties within the supply chain may be inert to cooperation, especially when 

benefits are not instantly visible. They suggest that for an end-to-end outcome-driven process, it is 

important for any actor to understand not only the physical supply chain but also data and information 

supply chains as one entity. Zhong et al. (2016) exemplify the underlying challenge to such (data) 

integration through two commercial firms intending to merge their unstandardized data. In a literature 

review of big data and its status quo, Lamba and Singh (2017) add to the discussion that due to the 

recency of development, a theoretical understanding of big data integration within SCM is still 

lacking. In addition to information integration across firm boundaries, some authors highlight the 

importance of a better understanding for operational integration of new technologies. An example is 

given by Chan and Chong (2013) who note that mobile SCM involves the technological integration 

of software applications with mobile technologies, such as mobile phones and personal digital 

assistants across different suppliers and other stakeholders. From a different perspective Wu et al. 

(2013) who define technology integration as the degree to which technology is used within 

manufacturing or service processes, observe that a higher degree of technology usage leads to higher 

levels of operational complexity. Similarly, Lui et al. (2016) see the integration of new technologies 

not only as complex, but with possibly destructive character, as, for example, a switch from barcode 

to RFID technology requires different competencies and the reinvention and re-engineering of key 

processes in the business network. Accordingly, the majority of authors acknowledge underlying 

opportunities and challenges within technological progress but call for firms to further improve on 

structural technology alignment, integration, openness, collaboration and trust (Harrington et al., 

2017). According to Hofmann (2017), “even though new technologies and applications can help 

integrate large, disparate sets of data in lesser time, companies involved in the supply chain need to 

be willing to share this data and interact with each other in a collaborative manner” (p.5122). As such, 

Hofmann highlights that technologies associated with big data have immense potential to improve 

solutions to long-existing problems such as the bullwhip effect. Yet, at the same time, they will never 

serve to fully integrate or entirely solve the causes for such phenomena. 
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Investigating compatibility of firms’ technology interfaces from a perspective of supply chain risk, 

Xue et al. (2013) add further to the discussion by demonstrating that system modularity can mitigate 

risk. They define system modularity as the extent to which a system’s components are coupled and 

the degree to which the interactions between these components and subsystems are standardized. 

Their logic states that when firms adopt digital supply chain systems to transact and coordinate with 

their partners, they are exposed to a heightened degree of technological, as well as transaction risk. 

The first refers to the risk that firms incur through imposing technological standards on different 

members of the supply chain and the perceived uncertainty about future changes in technologies. The 

latter is associated with the adoption of digital supply chain systems and partners’ strategic or self-

interested behaviors in misusing information resources and exploiting the relationships. If a firm then 

has to suit its digital supply chain to the requirements of partners, the system becomes more 

transaction specific, thereby increasing the perceived risk of the focal firm (Billington & Davidson, 

2013; Xue et al., 2013). In addition, through sharing information and resources, a firm is exposed to 

potential misuse of the shared information by other supply chain members (Richey et al., 2016). In 

their study, Xue et al. (2013) find that modularity between internal IT systems and digital supply 

chain systems mitigates the organizational decision makers’ perceived risk of adopting such systems. 

While this may motivate individual firms to digitalize their operations to a greater extent, it also adds 

to the variety within the technological landscape. Hence, if system modularity fosters supply chain 

digitalization, the issue of intra- and inter-organizational integration and collaboration is further 

extended, and technology diffusion may be aggravated (Xue et al., 2013). 

5.2.7. Assimilation and Innovation diffusion 

Going one step further, Sodero et al. (2013) outline in their study of a supply chain in the high-tech 

industry4  that even if firms can manage to increase their ability to coordinate and synchronize 

operational processes, they are still at an early diffusion stage. Gunasekaran et al. (2017) understand 

assimilation as the extent to which technology diffuses across organizational processes which 

includes the three steps of ‘organizational acceptance’, ‘routinization’, and ‘assimilation’. While 

acceptance is concerned with aspects of how well an organization’s stakeholders perceive the new 

technology, routinization includes the degree to which respective governance systems adopted the 

technology and assimilation refers to how well the technology has diffused across organizational 

                                                 

4 An industry often seen to adopt new technologies in early stages and adapt quickly (Sodero, Rabinovich and Sinha, 

2013) 
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processes (Gunasekaran et al., 2017). Thereby, innovations have yet to establish themselves as ‘best 

practices’ so that all supply chain actors can capitalize on them and create value (Ageron et al., 2013).  

Generally, diffusion can be looked upon from intra- as well as inter-firm viewpoints (Oettmeier & 

Hofmann, 2017). Most studies in this literature review are associated with supply chain, that is inter-

firm, perspectives and the enabling or hindering factors of the spread of technology and innovation. 

From that viewpoint, Sodero et al. (2013) investigate open-standard inter-organizational information 

systems because of their superior features in respect of traditional electronic data interchanges. 

Moreover, diffusion of the new system was found to be contingent on competition asymmetries 

within the network, firm dominance, and other partner firms’ supply chain networks. Apart from that, 

Cagliano et al. (2015) detect different factors to be relevant in the diffusion of mobile e-grocery 

services technology from a retailer perspective. In their study, efficiency and reliability of the new 

technology5, as well as downstream advertising efforts were found to be significant. In addition, if 

consumer demand for adoption and implementation of such innovative technologies grow, the 

pressure on the focal firm from upstream suppliers also increase. Yet again, other studies find that 

other factors associated with benefits and costs, firm size, inertia to change, lack of skills (Lin, 2014), 

or patent protection (Sasson & Johnson, 2016) are relevant drivers for implementation. Thereby, a 

heterogeneous and inconsistent picture of impacting factors is created. For example, Schmidt et al. 

(2013) highlight that there is little understanding of how the usage of barcode technology impacts 

upon future RFID migration scenarios. On the one hand, the popularity and widespread usage of 

barcodes might slow down RFID migration, whereas on the other hand, barcode solutions may be a 

prerequisite for RFID implementation and speed up the implementation and diffusion of it. Hence, 

there is no clear view of how one (existing) technology impacts on another (emerging) technology, 

which further complicates the understanding of the diffusion process. The authors suggest that it is 

necessary to consider a co-existence of the two technologies, as well as their level of interoperability. 

This may affect the time frame of how fast the emerging technology will diffuse and become standard, 

thereby suggesting incremental adoption and diffusion strategies. Similarly, Leung et al. (2014) 

illustrate that although RFID applications have a high potential regarding performance improvements, 

they remain yet to be widely implemented. Their findings suggest that organizations often adopt 

RFID applications, especially in order to improve lean practices. Yet, because they disregard their 

                                                 

5 In this case a hypothesized mobile app through which any user would share product, order, inventory, and shipment 

information and would be charged a fee for receiving orders or dispatching deliveries. The main functionalities build on 

supporting vehicle routes and assisting supply chain operations (Cagliano et al., 2015, p. 933). 
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supply chain strategies, the result is incorrect implementation which hinders further diffusion and 

realization of associated benefits. From a managing perspective, it is proposed that organizations 

must first understand the technologies that are available and then consider them in accordance with 

their supply chain strategies and whether the technologies fit their needs (Assare et al., 2016). 

This in-depth SLR depicts how academic research foresees supply chains to develop in the future as 

a result of recent disruptive technologies that have become apparent. This understanding for where 

trends and developments are expected to head to, as well as the technologies’ respective opportunities 

and challenges will now serve as the foundation for further analysis of how these may impact upon 

supply chain complexity. 

6. Analysis: Supply Chain Complexity  

As denoted in the second chapter, Vachon and Klassen (2002) propose a theoretical conceptualization 

of how to understand supply chain complexity. Along the dimensions of ‘information processing’ 

and ‘technology’, they identify several complexity drivers that have an impact on the supply chain 

delivery performance, either through adding to complicatedness, or uncertainty. In contrast to their 

conceptualization, this study does not limit its scope on supply chain delivery performance. Instead, 

it seeks to discover the impact of disruptive technologies along various aspects within SCM. Through 

systematically reviewing the literature, several additional drivers were identified. In addition, through 

synthesizing the different findings in the literature review, drivers are considered to not only increase, 

but also potentially decrease supply chain complexity. These drivers are discussed in the following 

section. An overview and adaptation to Vachon and Klassen’s (2002) the initial drivers is presented 

in Table 8. 
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Table 8: Supply chain complexity dynamics through digitalization 
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I + 

• Processing of data 

• Increasing components through 

customization  

• Modularizing IT systems  

• Increasing material handling (in 

warehouses) 

• Understanding difficulty of 

applications 

III + 

• Increasing network → ecosystem  

• Integrating stakeholders or (new) 

processes 

• Increasing product variety through 

customization  

I –   

• Outsourcing data analytics  

• Decreasing components through 

parts consolidation  

• Increasing IT compatibility 

• Increasing virtualization  

III –  

• Shortening of supply chain 

• Accessing and sharing data 

U
n
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n
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II +  

• Slow moving innovation diffusion 

• Differing willingness to adopt new 

technologies 

• Missing infrastructure 

IV + 

• Losing control  

• Increasing intellectual property and 

legal issues 

• Losing scale economies  

• Increasing dependency on external 

partner  

II –  

• Lowering transaction costs  

• Increasing process visibility 

IV –  

• Increasing demand predictability  

• Enabling (real-time) monitoring  
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6.1. Complicatedness in Process and Product 

In the first quadrant, Vachon and Klassen (2002) highlight elements which add to overall complexity 

through the presence of complicated processes and product features. As noted, complicatedness in 

that sense refers to the numerousness and variety of such structural elements. Relating this to the 

findings as proposed in the literature review, digital transformation or the emerging technologies 

associated with it, it becomes apparent that some aspects may add to the complexity whereas others 

may act to solve complexity issues. 

6.1.1. Increase in Complicatedness 

The first suggestion made by Vachon and Klassen (2002) is the “skills and know-how required to 

operate processes or to manufacture the product” (see Table 1). The authors already propose the 

investment into AM as an example of it and, in fact, this element of complicatedness becomes 

apparent throughout the review several times. The need to acquire new processual competencies that 

come along with automated, restructured or fully overhauled processes is especially evident when 

adapting emerging technologies that alter the workshop and manufacturing floors. These changes are 

often associated with the adoption of AM technologies, such as 3D printing. As such, with novel 

production and assembly technologies, new capabilities need to be acquired, which is a complicated 

effort that takes time until routinization and establishment of best-practice. From a supply chain 

perspective, the complication is further accelerated when these novel processes need to be 

orchestrated with novel processes among suppliers and customers.  

This thesis also reveals that there are other less physically related processes that are becoming 

increasingly important operations due to their value-adding characteristics. The need for data 

processing for example, was highlighted by Kache and Seuring (2017) and Sanders (2016). This need 

becomes most obvious through the increased generation of data and the value that this data adds to 

the focal firm and the supply chain overall. On the one hand, most pressing is the need to understand 

data associated with the customer and his or her demand which must be handled, analyzed, and put 

into action. On the other hand, other data, such as, ‘platform data’ which allows for the interaction of 

manufacturer and customer in the production process, or 3D model data, and data generated through 

the deployment of PI, needs to be processed and handled purposefully (Addo-Tenkorang & Helo, 

2016; Zhong et al., 2016). Thereby, data and ultimately information are created through various 

points and interfaces. However, many companies struggle with how to process these data in order to 

add value to their organizations (Herrmann et al., 2015; Hazen et al., 2016; Kache & Seuring, 2017). 
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Whoever becomes a pioneer in big data analytics and thereby has the capability to process complex 

and voluminous data may potentially gain a competitive advantage (Kumar et al., 2016; Sanders, 

2016; Lee, 2017). While data processing is still in early development stages, it adds to the 

complicatedness of processes and products as new skills need to be acquired by companies.  

The need for new data processing capabilities also relates well to Vachon and Klassen’s (2002) 

second point: the number of tasks and sub-processes. For the processing of data, it is important to 

acknowledge that the sheer amount of data, the interdependency across supply chain units and their 

coordination will add to complexity. Especially through the implementation of IoT practices, the 

number of data collection points is accelerating. Thereby, data is not collected by the focal firm in an 

organized and readily available manner but is gathered from various sources in unstructured and often 

not uniformly coded bulks (Schoenherr & Speier-Pero, 2015; Addo-Tenkorang & Helo, 2016). As 

data is generated, the task of handling it and ultimately integrating the newly generated information 

adds steps that need to be considered by firms and supply chains. With the latest advancements in 

(real-time) data handling, complication is further enhanced. Here, especially the aspect of PI comes 

into play, as it adds complication not only through data but also through the ways logistics are altered 

if PI is in place. Handling logistics from a consumer-driven perspective means that material handling 

will be more frequent and that the workload within the hubs will rise, thereby increasing frequency 

of receiving materials and need for coordination (Zhong et al., 2015; Ivanov et al., 2016; Yang et al., 

2016; Fazili et al., 2017). 

Not only the number of processes from a data-driven perspective may see increases, also the number 

of components or products that allow for customization can be expected to grow. The variety of 

individual components in a product increases in order to adapt to customer demand, following the 

trend for an extended customer-centricity (Christopher & Ryals, 2014; Ng et al., 2015; Bogers et al., 

2016; Vendrell-Herrero et al., 2017). 

A third aspect adding to complicatedness is the IT and system’s modularization as touched upon by 

Xue et al. (2013). If firms seek to modularize their IT landscape in order to mitigate risks, a growing 

variety and number of different IT platforms and systems will need to be managed individually and 

in orchestration with other systems. The variety of the different infrastructures within the organization 

as well as across organizational boundaries will thereby grow which heightens the need for a full 

understanding and complicates the integration effort. A closely related aspect to consider is the 

understandability of new technologies and their applications. For example, if different systems come 
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across in highly divergent user interfaces, it is conceivable that it takes considerably more time and 

effort to understand and work with the new system. On the contrary, if the degree of understanding 

and application difficulty is comparatively low, it may as well become less complicated to operate 

the vast variety of technologies, proposing that digitalization developments may as well reduce 

complicatedness. 

6.1.2. Decrease in Complicatedness 

It is evident that the technologies and development discussed in the literature also have the potential 

to decrease complicatedness. While data processing generally adds to the complexity and is an 

immensely difficult task to understand and conduct, it is observable that a high degree of emerging 

technologies lead to more automation and better performance as firms become more flexible (Vachon 

& Klassen, 2002). Thereby, unforeseen events can be managed more easily and routine tasks can be 

simplified. Furthermore, a new market for ‘analytical outsourcing’ is emerging. Companies 

struggling with finding out which data to generate, which data to possess, and which to analyze in 

order to leverage on, are found to increasingly outsource such analytical tasks. These data-related 

operations are then undertaken by firms which are specialized on data handling and built core 

competencies around it. Solutions are provided on how to make use of the gained information 

(Sanders, 2016). Thereby, data is transformed into information and can be leveraged on, which 

decreases the complicatedness.  

Secondly, product and component variety are observed to increase, but emerging technologies allow 

for overall number of components in one product to decrease. For instance, through using 3D printing, 

a product that previously consisted of several parts can be produced as one component. Such a process 

of parts-consolidation is nowadays often found in small, very complex parts of production. For 

example, an aircraft duct, which is a complex component within airplanes, could be reduced from 

existing of 18 components to only one (Yang et al., 2015). As a result, fewer processes of purchasing 

materials, fewer sub-steps of producing and even fewer suppliers are needed (Ben-Ner and Siemsen, 

2017). Even on manufacturing floors, there is less need for reconfiguration as, for example, no more 

molds and tools to produce one specific component are necessary (Holmström et al., 2017). If 

production was to change to a different component or product type, it would only have to be 

reconfigured ‘virtually’ in terms of the digital version given to the printer (Verdouw et al., 2015).  

Furthermore, while IT systems have advanced and grown in number, their evolvement has also led 

to increased interoperability. Different systems can be built to be highly integrable with existing 
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systems or those that other supply chain members are using. Thereby, IT compatibility allows firms 

to not having to adapt to supplier or customer systems constantly. Instead, own, possibly custom-

build systems, can be used in collaboration with partners. In addition, platforms such as mobile apps 

have the opportunity to integrate and access information of all systems into one, making it not only 

more accessible but easier to handle and understand (Cagliano et al., 2017). 

Similarly, virtualization in that sense, and the dematerialization of physical products allow not only 

for a reduction in transportation and production cost, but also for a lower need for transporting objects 

physically (Vendrell-Herrero et al., 2017). The result is a lower degree of necessary coordination of 

related processes. If product, or component configurations are accessible virtually and can be stored 

as such, switching to new product lines or those in-demand becomes easier as it involves less 

processes (Verdouw et al., 2015). 

6.2. Uncertainty in Process and Product 

The second quadrant relates to uncertainty and is defined as to include elements that affect the “level 

of predictability at each stage of the supply chain as well as for the final outcome” (Vachon & Klassen, 

2002, p.221). Process capabilities of the focal firm as well as its suppliers are in focus and uncertainty 

is heightened when there is random variation. This can either be created within processes or through 

product specifications and (quality) standards leading to the rejection of a product/component. 

Beyond that, disruptions such as machine breakdowns, shortages of inputs, or congestion in the 

system further increase process and product uncertainty. Hence, uncertainty is driven by the 

predictability and reliability of operational events along the supply chain. If these factors are low, 

uncertainty will be high, most likely leading to decreasing performance (Vachon & Klassen, 2002). 

Again, it is observable, that there are factors associated with digitalization that increase the 

uncertainty along the supply chain, whereas others may decrease given the developments. 

6.2.1. Increase in Uncertainty  

From the perspective of new and emerging technologies, the aspect of process capabilities of 

suppliers is considered to further increase complexity. Due to the technological changes and the 

digitalization of processes and products, a change in operational processes is unquestionable. Hereby, 

it remains opaque to the focal firm how well its suppliers or any other member in the supply chain 

are positioned to undergo and adapt to these changes (Vachon & Klassen, 2002). As seen in the 

review of the literature, a great deal of studies focuses on the speed of diffusion of technologies 

throughout the supply chain and the respective members’ willingness to adoption. As noted by Sodero 
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et al. (2013) companies are still at an early diffusion stage, suggesting that although the willingness 

to adopt may be high, technologies have not manifested and routinized within the supply chain, yet. 

Hence, they are susceptible to disruption and failures, creating a high degree of uncertainty. Besides, 

since benefits are not instantly visible to supply chain members, the speed of adoption is slowed 

(Kache and Seuring, 2017). Yet, to fully build on the benefits of the emerging technologies, it is 

crucial that all members understand their implications to jointly establish best practices (Ageron et 

al.2013; Gunasekaran et al., 2017).  

Closely related to the general issue of diffusion is the potential lack of proper infrastructure that are 

required to adopt and fully capitalize on the new technologies. A major concern is the availability 

and speed of internet connections (Cagliano et al., 2015). Often times, emerging economies do not 

have equal web connections as industrialized nations, making tracking, communication and thereby 

collaboration more difficult. However, these differences do not only appear across continents, but 

also within countries. Often, rural areas tend to be much less connected than urban parts. A problem 

that is often referred to as the ‘digital divide’ (OECD, 2001). 

Another aspect worth mentioning is associated with the risk of technology breakdown. While the 

increased usage of technologies and digitalization affects the business landscape, supply chains are 

becoming increasingly dependent on them and the outcomes of machine failure and related 

disruptions are potentially devastating, creating greater uncertainty. However, such risk may have 

been existent before and it may as well be arguable that firms can use digitalization and the resulting 

advances in visibility and transparency, as a way to mitigate risks instead (Schoenherr & Speier-Pero, 

2015). 

6.2.2. Decrease in Uncertainty 

On the contrary to the heightened uncertainty created through the processual capabilities and skills 

of suppliers, the uncertainty created through the focal firm’s process capabilities tend to be of less 

concern. The literature review shows, that, for example in terms of quality, product failures are less 

likely to occur (Chan & Chong, 2013; Wiengarten et al., 2013; Papert et al., 2016). Indeed, many of 

the technologies reviewed, such as 3D printing, have been existing for many years but have only 

come to stronger recognition now, due to their advancements, improvements, and commercial 

potential (Schmidt et al., 2013). Furthermore, tagging products or deliveries with RFID sensors 

allows for control and surveillance, not only of the geographical location, but also of features such as 

temperature and pressure among others (Moises et al., 2014). Thereby, it becomes easier to observe 
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products and their quality characteristics along the supply chain. Even if a product then falls short of 

meeting standards, the shortcomings become apparent earlier in the process and can hence be reacted 

to much faster, reducing the impact of disruption. From a firm and quality perspective, uncertainty is 

reduced. 

Closely related to these opportunities for product observation is the impact of visibility. Big data 

provides firms and supply chains with much more information than ever before (Porter & 

Heppelmann, 2014; Lee & Lee, 2015). Through sharing information on customer demand, inventories 

and the like, it becomes much more transparent to companies when, where, and how much to source 

from suppliers and deliver to customers (Leung et al., 2014). Further, information on predictability 

gives insights into future customer demand as well as supplier capabilities and reliability. For 

example, knowing exactly where an order from a supplier is and whether this order meets the required 

quality standards, allows for much better planning and scheduling (Schoenherr & Speier-Pero, 2015). 

Therefore, delays may be prevented (Chan & Chong, 2013; Kache & Seuring, 2017). As noted before, 

firms face the risk of machine breakdown. Yet, using big data and having advanced knowledge about 

one’s own, suppliers’ and customers’ operations allows firms for early detection of shortcoming 

within the supply chain. Thereby uncertainty is reduced. 

Another factor that must be added, is the reduced uncertainty through lower transaction costs. As 

mentioned by Xue et al. (2013), the modularization of IT systems may be a good way for companies 

to mitigate risk. Initially, the need for increased transaction and coordination across the supply chain 

suggests a heightened degree of risk as a firm might have to adopt to digital supply chain systems of 

partners to suit their requirements. This makes partnerships much more specific and high transaction 

costs arise. However, by keeping systems modularized, firms do not have to alter their systems 

frequently, making partnership less transaction specific, thereby, reducing uncertainty. 

6.3. Complicatedness in Management Systems  

The third quadrant suggested by Vachon and Klassen (2002) includes complexity drivers that are 

associated with making management systems more complicated. Thereby, they refer to 

‘infrastructural’ elements that involve “people-based relationships” (p.219). Factors that add to the 

complicatedness in particular, relate to senior management’s holistic view over supply chains, 

decisions about product variety, the overall size and composure of the supplier base, as well as 

strategic decisions on which customers to target. Again, as Vachon and Klassen’s (2002) study 
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focuses on the impact of delivery performance, the synthesis of the literature review shows that there 

are more factors to supplement the framework. 

6.3.1. Increase in Complicatedness 

Analyzing the management systems or the infrastructure of an organization and the impact of 

technology on these, several complexity drivers were identified that affect the complicatedness of the 

information processing process. Vachon and Klassen (2002) mention one of the identified drivers as 

the extent of the supply network which can lead to an increase in complicatedness. Indeed, in case of 

multiple suppliers for components, the network’s size can lead to a higher level of coordination or 

communication effort which makes supply chain processes more complicated to coordinate and 

manage. Furthermore, increasing the number of suppliers is seen as to bare obstacles due to the 

challenge of developing and maintaining close and mutually beneficial relationships (Vachon & 

Klassen, 2002).  

With the disruptive technology analyzed, this complicatedness will be increased for several reasons. 

Firstly, the supply chain will transform into a supply network, or the so-called supply ecosystem 

(Mussomeli et al., 2016). The supply chain will not be a linear sequence of processes but evolve more 

into a dynamic nexus due to higher stakeholder involvement. This change will complicate the 

coordination among network participants. Furthermore, communication will be hindered due to 

higher levels of shared and communicated information which might increase the quantity but not the 

quality of the information. The study of Lee and Lee (2015) shows that sharing a large amount of 

data leads to increased complicatedness due to data control and management issues. Implementation 

of IoT technologies in devices or machines can enable real-time data which can be useful for 

monitoring and control purposes. However, due to various data collection points, data collection and 

validation processes can be more complicated (Zhong et al., 2016). Companies need to distinguish 

between necessary and value-adding data in contrast to data that merely produces an information 

overflow and cannot be used purposefully (Sanders, 2016). 

The effort to integrate suppliers will further lead to more complicated processes. For instance, Sanders 

(2016) discusses the possibility to make use of external partners for analytical outsourcing when the 

own company is lacking experienced employees for creating useful information out of big data. In 

this case, the complicatedness arises when the company has to find a way to integrate external partners, 

such as suppliers, into the internal system while trying not to lose control over confidential 

information but at the same time receiving relevant information on time (Sanders, 2016). Moreover, 
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digital technologies bring the opportunity to integrate downstream customers. This involvement of 

customers can result in higher customer satisfaction, which may lead to an increase in the overall 

customer base (Oettmeier & Hofmann, 2017). Although this may be a highly beneficial outcome in 

terms of profitability and competitiveness, Vachon and Klassen (2002) mention the “extend of [the] 

customer base” (p.220) as one of the complicatedness drivers due to a high need for control and 

coordination. Now with digitalization, AM, for instance, can lead to IP or legal issues since customers 

contribute to product creation on open business platforms or digital files such as CAD files, which 

are shared with them for home fabrication (Bogers et al., 2016). Ben-Ner and Siemsen (2017) further 

mention complexity that may arise when new digital processes need to be integrated into existing 

systems. The handling of the ‘duality’ of old and new systems can hinder the adoption of digital 

technologies within firms as new procedures are generated that must be implemented and taught to 

employees (Ben-Ner & Siemsen, 2017, p.18).  

Another reason for increased complicatedness can arise due to customization and the variety of 

products (Vachon & Klassen, 2002). As Vachon and Klassen (2002) discuss in their studies, product 

variety can impact the business performance in a negative way. It can complicate the inventory 

management due to diverse variety of components in terms of material handling. Vachon and Klassen 

(2002) point out that production scheduling and purchasing processes are affected due to the large 

product portfolio. This stage of complicatedness is hindered by AM as it allows for customization 

and personalization of products. This may be positive in terms of sales due to higher customer 

satisfaction. From an operational point of view, customization also leads to a higher product variety 

that needs to be managed (Bogers et al., 2016). Similarly, the trend of ‘prosumption’ is complicating 

processes for companies. Prosumption is a neologism comprised of the two words production and 

consumption and was firstly introduced by Toffler in the 1980’s (Ritzer and Jurgenson, 2010). This 

approach seeks to create higher values by involving consumers in the production or design process 

to meet consumer demands and preferences (Yoo et al., 2016). Although this process is beneficial 

from a consumer’s point of view, it adds more complicatedness for companies (Bogers et al., 2016; 

Attaran, 2017; Durach et al., 2017b). Such prosumption is facilitated through the emergence of AM. 

However, it intensifies complicatedness of the technology usage for firms even more (Bogers et al., 

2016; Attaran, 2017). Nonetheless, also from a management systems’ perspective, the new disruptive 

technologies do not only lead to increase in complicatedness. 
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6.3.2. Decrease in Complicatedness 

Although product variety and customization were considered to be complicatedness drivers, they can 

also have the opposite effect by creating a shorter supply chain (Attaran, 2017). For instance, 3D 

printing requires fewer materials and components. These can be purchased more efficiently in bulk, 

thereby achieving scale economies (Bogers et al., 2016). Hence, the numbers of suppliers can be 

reduced which facilitates the communication and collaboration effort (Ben-Ner & Siemsen, 2017). 

Bogers et al. (2016) suggest the opportunity to combine the Kanban and JIT principles to establish a 

lean and agile, a ‘leagile’ supply chain (p.229). The shortening of supply chains or the breakdown of 

the production process into smaller parts through decentralized production can result in flatter 

organizations. This setup decreases the complicatedness since decision-making is easier due to less 

involved parties (Ben-Ner & Siemsen, 2017). Further, Vachon and Klassen (2002) mention the 

“geographical span of suppliers and customers” in their framework (See Table 1). This refers to the 

outsourcing activities that were promoted in the past due to cost saving reasons. Ever since, this 

became a complicatedness driver due to higher effort for collaboration and coordination (Vachon & 

Klassen, 2002). However, due to AM potentially leading to localization and decentralization, 

production is moving closer to customers. This proximity to customers partly results in reduction of 

complicatedness since less coordination for transportation is needed (Ben-Ner & Siemsen, 2017).  

Similarly, another factor that reduces the complicatedness is CC as it contributes to the ease of 

collaboration. With data stored in the cloud, data can be accessed everywhere by authorized parties. 

Once a user is granted access to a network and the shared information, no more actions are required 

in terms of program installation and the like (Jede & Teuteberg, 2015). Wu et al. (2013) suggest that 

firms suffering from high complexity benefit from CC since processes can be reduced.  

6.4. Uncertainty in Management Systems  

Finally, the fourth quadrant of the proposed framework includes drivers concerning management 

systems’ uncertainty. Uncertainty is not only associated with technical features of processes and 

products, “but also emerges from the behavior of and interactions between organizations in a supply 

chain” (Vachon & Klassen, 2002, p.222). In that sense, decisions on managing and monitoring flows 

of materials and information across the supply chain are associated with uncertainty. In the authors’ 

view, phenomena such as the bullwhip effect, or practices such as make-to-order production, increase 

uncertainty. However, digitalization enables new mechanisms that allow, not only for increased, but, 

in parallel decreased uncertainty. 
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6.4.1. Increase in Uncertainty 

Uncertainty on the management level can increase further due to several reasons. The increasing 

network size with a high number of participants, will lead to an increase in uncertainty due to the risk 

of losing control. With a limited number of participants, it is easier to track and keep an overview of 

actions of other involved parties. However, with the growing number of parties, it is becoming more 

difficult to control (Mussomeli et al., 2016; Alicke et al., 2017). Furthermore, with big data, the risk 

of data leakage to unauthorized partners is increasing within a network, which raises uncertainty to a 

higher level (Kache & Seuring, 2017). This can lead to privacy and protections issues. Without the 

control of who is accessing what kind of information, the uncertainty within the ecosystem rises. But 

even authorized partners can misuse the shared information. For instance, the opportunity to make 

use of analytical outsourcing is not always beneficial as it bears the risk of potential misuse of the 

shared data and increases the likelihood of becoming dependent on the external partner (Sanders, 

2016).  

AM was identified as to increase complicatedness due to various reasons such as the possibility to 

offer customization and personalization closer to customers. As such higher customer satisfaction can 

be achieved (Oettmeier & Hofmann, 2017). However, whereas it has a positive effect, it will increase 

the uncertainty due to legal and IP issues that might arise. For 3D printing to happen, CAD files must 

be shared to allow customization. However, for instance, the music industry is currently facing the 

problem of IP issues due to music file distributed online. This problem will appear in the 

manufacturing industry earlier than one might expect (Ben-Ner & Siemsen, 2017). With rising usage 

of AM technology, uncertainty is therefore increasing. 

Another factor leading to higher uncertainty levels due to AM is the decrease in scale economies. 

Due to this, smaller volumes can be produced which allows smaller companies to enter the market. 

In that sense, scale economies served as an entry barrier for larger firms, but as these disappear, these 

large firms face the risk of being exposed to higher competition and an increasingly dynamic and 

volatile business landscape (Ben-Ner & Siemsen, 2017). Finally, the uncertainty about which 

technology to adopt and, thereby, which processes to reconfigure and which capabilities to develop, 

is further heightened. Although the accelerated speed of technological change and uncertainty about 

which trends will last increases uncertainty, other shifts have the potential to decrease it. 
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6.4.2. Decrease in Uncertainty 

Digital technology can contribute to a decrease in uncertainty in various ways. Firstly, big data 

analytics can be conducted to gain insights into operations. Data or real-time data is nowadays 

collected by applying various methods such as Auto ID technology, smart sensor technology or 

through sharing information in a supply network in faster and more accurate ways. Big data analytics 

can use the collected data to provide a deeper understanding of customer demand and may reduce 

demand volatility due to better information sharing. Real-time data promotes monitoring and control 

of occurring processes and helps identify bottlenecks timely to initiate necessary actions accordingly 

(Yang et al., 2013; Zhong et al., 2016; Kache & Seuring, 2017). Due to such developments, 

uncertainty arising through demand volatility or supply chain disturbances can be reduced and 

managed.  

Vachon and Klassen (2002) name “production scheduling changes” and “late product delivery by 

supplier” as further drivers of uncertainty in management systems (see Table 1). Both factors can 

lead to uncertain situations when machine breakdown, shortages of materials or congestions occur 

(Van Donk & Van Dam, 1996). However, with big data analytics which offers visibility across the 

supply chain, these uncertainty drivers can be reduced (Schoenherr & Speier-Pero, 2015). 

Implementing big data can therefore help to prevent uncertain situations by providing insights into 

processes. Overall, processes can be understood better and by having a holistic overview of the entire 

supply chain preventative actions can be taken. This can mitigate the forecasting risk for companies 

such as production volume or customer demand. Changes in production scheduling can be perceived 

and anticipated beforehand to prepare for an unexpected change. This can lead to better forecasting 

methods which minimizes the uncertainty level for companies (Shen & Chan, 2017). Real-time 

monitoring through IoT technology allows for better and more confident decision-making due to 

understanding of happenings within the supply chain (Richey et al., 2016).  

Higher visibility is also provided through advanced web technologies. In e-commerce, technologies 

can be used to create platforms which contain necessary and useful information (Tarofder et al., 2013). 

This enables better planning which can enhance confidence and decrease uncertainty. Furthermore, 

PI offers more flexibility in logistics processes which allows for quick adaption in case of unexpected 

changes in planning, thereby decreasing uncertainty (Yang et al., 2016). In this case, Auto ID 

technologies such as RFID can further be used to track logistic processes which contributes to 

reduction in the uncertainty level (Zhong et al., 2015).  
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6.5. Managing Dynamics between Increasing and Decreasing Complexity  

Complicatedness and uncertainty drivers can be influenced by digital technology adoption, either by 

reducing overall complexity or further accelerating it. One finding of the analysis is that if managers 

fail to manage increasing complexity drivers, decreasing complexity drivers will be affected and may 

conversely add to complexity in the supply chain. For instance, emerging technologies such as AM 

may lead to less product complexity. Less components are needed due to the possibility to consolidate 

components. This can result in less suppliers which shortens the supply chain. However, product 

complexity may also be an increasing complexity driver that is necessary to be managed in order to 

satisfy customers’ increasing demand for customization. It is a complex process since control for a 

high variety of products is needed and there is a lower degree of standardization. As this example 

shows, the integration of one digital technology can both increase but also decrease complexity. If 

managers fail to manage increasing complexity, the opportunities where complexity could be 

decreased will not materialize. On the contrary, if management understands the implication of the 

technology, they may leverage on those. For example, fewer parts and thereby suppliers are needed, 

and AM allows for easier and faster process reconfiguration, while simultaneously serving more 

heterogeneous and volatile customer demand. Once these interrelations and reciprocities are 

understood, it is further helpful to investigate whether the different increasing drivers are necessary 

to be kept, or whether they do not add any value and are thereby, unnecessary (Serdarasan, 2013).  

6.6. Necessary and Unnecessary Complexity 

Following the analysis of factors of supply chain complexity and their assessment of whether they 

drive complexity up or down, the analysis continues by taking a closer look at those factors that tend 

to drive the complexity within the supply chain up. This will ultimately enhance the understanding 

of how the different drivers impact one another, which is important to acknowledge when trying to 

effectively manage complexity. As mentioned briefly before, this analysis is carried out based on the 

theoretical proposals as suggested by Serdarasan (2013) who divides complexity into necessary or 

unnecessary. Resulting from the authors’ literature review, she suggests that a certain degree of 

complexity is indeed beneficial as it may add value to the company (Serdarasan, 2013). This study 

does not view complexity on a firm level but in light of supply chains and technological trends which 

are mainly driven by a higher need for responsiveness, flexibility and customer-centricity (see 

Chapter 5). Accordingly, the drivers were assigned to be necessary or unnecessary building on the 

implications of such developments. The findings are summarized in Table 9. 



79 

 

 

Necessary Complexity Unnecessary Complexity 

Processing of data  Understanding difficulty of applications 

Increasing customization Differing willingness to adopt to technologies 

Increasing material handling Slow moving innovation diffusion 

Modularization of IT systems Missing infrastructure 

Increasing network Losing scale economies 

Integrating of stakeholders or (new) processes Increasing dependency on external partners 

 Losing control 

 Increasing IP and legal issues 

Table 9: Necessary and unnecessary complexity drivers 

6.6.1. Necessary Complexity 

One driver that has the potential to substantially increase the complexity within the supply chain and 

for the focal firm in particular is the concern that digitalization requires firms to develop new 

capabilities and skills. Indeed, this may go as far as that core competencies, which the company can 

build on derive a competitive advantage, become irrelevant in the near future. As such it also becomes 

apparent how high the need is to deal with this change in the business landscape properly in terms of 

acquiring and developing new skill sets. The need can be managed by integrating and connecting 

different sources of knowledge to lay the basis for future sustainable competitive advantage (Poulis 

et al., 2013; Sanders, 2016; Wang et al., 2016). Closely related to this is the complexity associated 

with the novelty of processes in general. The processes implied through the adoption of emerging 

technologies and their continuous advancements have yet to be routinized within firm and supply 

chain operations. Overall, there are no best practices in place on which firms could build on (Ageron 

et al., 2013). One of the weightiest of such processes is that of data processing. Big data is highly 

complex because of the novelty of information that is generated, the new insights it provides, and the 

ability to better monitor and forecast. As it is a major source of knowledge and information though, 

it is essential for supply chains (Waller & Fawcett, 2013; Addo-Tenkorang & Helo, 2016; Sanders, 

2016). The complexity added is thus necessary to be understood and integrated purposefully. 
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A second development that influences complexity within the supply chain substantially, is 

customization. It requires a higher integration of the customer into processes, an effort more difficult 

to undertake compared to providing standardized products. In the literature review, there was no 

article which suggested that there will be less customer-centricity in the future. While there are 

different views on how upstream suppliers may standardize their products and processes, and where 

the decoupling point may be located, there was a consensus on the fundamental need for companies 

to be most responsive to customer needs. As such, customization must not be viewed as neglectable 

by supply chains but as a necessary focus to have (Poulis et al., 2013; Christopher & Ryals, 2014; 

Letaifa, 2014; Ng et al., 2015; Bogers et al., 2016). Resulting from this, the overall number of 

products that will be supplied to the end customer will be more heterogeneous than ever before (Porter 

& Heppelmann, 2014; Ng et al., 2015), which suggests a higher degree of necessary complexity 

through customer integration and frequent process reconfiguration. 

Furthermore, the number of overall processes is observed to increase. For example, the deployment 

of PI in warehousing and logistics leads to increases in material handling (Fazili et al., 2017). 

However, due to frequent reconfiguration, knowledge generation and integration or real-time 

monitoring, adding and coordinating these will ultimately add value to the focal firm, since this will 

result in a higher ability to meeting customer demands. As such, process and IT integration will be 

of fundamental need in the near future (Huo et al., 2015; Jede & Teuteberg, 2015; Giannakis & Louis, 

2016). In order to coordinate the added processes and information, supply chain performance will be 

increasingly dependent on the deep integration and collaboration within and across firm boundaries 

(Wu et al., 2016; Kache & Seuring, 2017). Although this development itself is not new, it seems 

likely to further persist and grow with an increasing technological variety (Salam, 2017). This variety 

is further accelerated if firms modularize their IT landscape as a risk mitigation strategy. As such, IT 

modularization can also be viewed as beneficial in close correspondence to CC and its resulting 

benefits (Wu et al., 2013; Xue et al., 2013; Jede & Teuteberg, 2015). Thereby, process and IT 

integration become a necessary complex task to manage. 

This integration task is further heightened through the development of supply networks extending 

their boundaries. Generally, supply networks are expected to grow (Christopher, 2016, p.174), 

potentially not through a higher number of suppliers but through more parties and stakeholders that 

have previously not been considered as influential (Letaifa, 2014; Rong et al., 2015; Ben-Ner & 

Siemsen, 2017). Managing these and integrating their demands as well as regarding them as sources 
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of knowledge and added value is, although more complex, a necessary task to support supply chain 

integration. 

In sum, the need to gain and build new competencies that allow a company to operate and fully 

leverage on the new technologies is evident. Only then, a company can make full use of the associated 

benefits and increase its performance. The application and understanding difficulty of new 

technology is closely related to such skill acquisition (Tarofder et al., 2013; Jin et al., 2014). From 

that viewpoint, the organization must seek to gain and generate new knowledge and integrate this 

accordingly. Thereby, opportunities will evolve, where new competitive advantages will arise for 

digital forerunner. To a certain degree it is advantageous if an emerging technology is complex to 

understand, as long as a company can do so relatively better than competitors (Tarofder et al., 2013; 

Porter & Heppelmann, 2014). However, beyond that point, no extra value is added through having to 

operate a (too) complex technology. Then, understanding difficulty is burdensome and turns into an 

unnecessary complexity driver.  

6.6.2. Unnecessary Complexity 

Compared to necessary complexity, some factors are found to potentially not add any value and are 

thereby viewed as unnecessary complexity drivers (Serdarasan, 2013). As mentioned, one such factor 

may be the understandability of a technology. For example, if user interfaces of the wide variety of 

web technologies (such as mobile applications) are non-standardized, it may be unnecessarily 

complicated for an operator to understand them (Tarofder et al., 2013; Jin et al., 2014). It requires 

effort and time to operate the complex application landscape and there is no value to it if such 

heterogeneity can be avoided. The issue is further extended, if suppliers and users are also confronted 

with the focal firm’s technological variety, such as when they have to operate on the same diverging 

user interfaces (Xue et al., 2013; Huo et al., 2015; Jede & Teuteberg, 2015). As such, the factor may 

not only be non-value adding, but potentially decrease customer value in the end. 

Another closely related complexity driver is the focal company’s perception of the skills and 

capabilities of suppliers and customers, as it adds to the uncertainty within the supply chain (Vachon 

& Klassen, 2002). This, and their willingness to change and follow the digitalization trend have deep 

impact on how fast a new technology diffuses through the supply network (Stank et al., 2013; Jede 

& Teuteberg, 2015; Kim & Chai, 2017). Technological diffusion in that sense is highly dependent on 

the individual companies and uncertainty about such makes it more difficult to manage. For example, 

a supplier’s environment in terms of local internet infrastructure, widespread usage and advancement 
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are crucial when implementing technologies which rely on the internet (OECD, 2001; Raafat & Saadé, 

2015; Kache & Seuring, 2017). However, as such, uncertainty does not add any value to any member 

within the network and must thereby be regarded as unnecessary. Managers must carefully design 

strategies to reduce this complexity. 

In addition, the SLR reveals that new technologies have the potential to efficiently produce in much 

smaller quantities, forecasting that dynamics of economies of scale may be reversed (Kumar et al., 

2016; Sasson & Johnson, 2016; Ben-Ner & Siemsen, 2017). Thereby, the business landscape will 

fundamentally change in terms of new and/or smaller companies being able to enter the market. This 

makes it more complex for any company to understand the dynamics within their specific market, 

creating a type of uncertainty that is not necessary and must be reduced through close observation. 

Lastly, analytical outsourcing has been found to increase complexity in terms of higher dependency 

on external suppliers (Sanders, 2016). Although companies receive readily understandable 

information without building the capability to process big data, this can only be a short-term solution. 

A thorough understanding of big data and processing it to one’s own and the supply chain’s needs 

will create competitive advantage if one excels at it (Kache & Seuring, 2017; Salam, 2017). Hence, 

big data processing is a complex and necessary task to undertake, but having the capability makes 

analytical outsourcing obsolete, which is why dependency on external suppliers is not necessary. 

Beyond that, dependency in general does not add value and managers must carefully develop 

strategies to become less dependent (Cox, 2001). 

In addition to such dependency and the increasing amounts of data, firms may encounter losses in 

control. Furthermore, IP and legal issues are becoming more apparent (Bogers et al., 2016). As such, 

increases in privacy and protection issues also represent an unnecessary complexity driver. The larger 

the network or ecosystem due to more involved participants, the more difficult it becomes to have the 

relationships and the data generated through the high number of collection points under control. Data 

leakage is a major concern nowadays and may even occur without the affected parties noticing it 

(Verizon, 2017). However, from a value-creating perspective, such losses in control and security 

issues do not add any value but rather destroy it. Hence, managers must closely observe this and other 

factors, and find appropriate ways in dealing with each. 

6.6.3. Eliminating, Managing and Preventing Complexity  

The identified necessary and unnecessary complexity drivers can now be used to derive future 

implications for firms. Serdarasan (2013) provides an overview of how to approach different types 
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of supply chain complexity which served as an inspiration to structure the following paragraphs 

accordingly. First of all, this approach alludes to the fact that the identified unnecessary complexity 

must be reduced or eliminated as these provide no additional value to companies but creates additional 

costs. Furthermore, preventative actions need to be taken to avoid additional unnecessary complexity. 

Secondly, necessary complexity needs to be managed as these can bring competitive advantage in 

return for the increased complexity.  

1) Eliminating and preventing unnecessary complexity drivers 

Various unnecessary complexity drivers were identified in the analysis. As the term ‘unnecessary’ 

indicates, these complexity drivers are not of any use for the firm but conversely lead to more effort 

while adding no additional value (Serdarasan, 2013). Therefore, it is essential to reduce, or in best 

scenario, totally eliminate them.  

Looking at the identified unnecessary complexity drivers, several approaches can be taken to reduce 

them. Firstly, in order to reduce or eliminate unnecessary complexity through technology diffusion, 

it is crucial to collaborate with suppliers to re-design or re-organize the network together (Poulis et 

al., 2013). Similarly, it may be an appropriate approach to develop new planning systems which can 

facilitate a smooth workflow and information exchange among network participants (Serdarasan, 

2013). To cope with loss of economies of scale which leads to higher competition due to more market 

entrants, companies need to create new capabilities to be able to compete in the market (Ben-Ner & 

Siemsen, 2017). Dependency on external partners, especially when outsourcing pivotal analytical 

tasks, can be decreased by investing in employees and conducting analysis within the own firm 

(Sanders, 2016). As such dependency is decreased through developing own skills and complexity can 

be reduced (Serdarasan, 2013). However, if this cannot be achieved, close collaboration with external 

partners should be aimed for. Thereby, trust can be established and uncertainty about opportunistic 

behavior reduced (Klein & Rai, 2009; Serdarasan, 2013). This trust can help to keep control within 

the firm’s boundaries (Serdarasan, 2013). In addition, managers must see the value in new 

technologies adding resources that enhance visibility and transparency across the network (Hazen et 

al., 2014). For example, through closely monitoring and tracking products along their way to the 

customer allows for tight surveillance and control over different aspects such as quality insurance 

(Moises et al., 2014; Cagliano et al., 2017). As such, managers can implement more control 

mechanisms through using certain technologies and thereby observe the information flows within the 

network. When willingness to adopt new technologies is then created, it is important to collaborate 
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in terms of building an aligned infrastructure and best practices to facilitate the understanding of new 

technologies.  

Not only eliminating these unnecessary complexity drivers, but also preventing them from arising in 

the future is a crucial step (Serdarasan, 2013). The emergence of digital technologies has just begun 

and more disruptive technologies will appear with the potential to change business models and 

existing processes (Gartner, 2017). Therefore, it is vital for firms to observe the environment and 

prepare for unexpected events or changes in it (Serdarasan, 2013; Porter & Heppelmann, 2014). 

2) Managing Necessary Complexity Drivers  

In contrast to reducing unnecessary drivers, necessary complexity drivers need to be managed 

carefully in order to generate significant competitive advantage and value from the invested effort. 

Managing these drivers depends on how much the company can control them (Serdarasan, 2013). 

Depending on the level of control, approaches to tackle these drivers will vary. Serdarasan (2013) 

states that internal complexity drivers are “generated by decisions and factors within the organization 

such as the product and process design” (p.534). Since these drivers arise within the boundaries of a 

firm, firms have high control in managing these drivers. On the other side, external drivers, such as 

market trends, regulations and other environmental factors are induced by mechanisms that do not lie 

within the control of the firm. Therefore, these drivers cannot be influenced by companies easily. 

Drivers arising from interaction, for instance exchange of information or materials with suppliers, 

customers or other service providers, are in-between the two control levels because they can be 

influenced and coordinated to a certain degree (Serdarasan, 2013).  

Based on the level of control that firms have on necessary complexity drivers, the complexity must 

be managed. In our analysis, six necessary complexity drivers that need to be managed and taken care 

of properly to generate value, were identified. Although managing these drivers is linked to high 

effort and investment, these are, as the name indicates, essential for a firm to survive. Therefore, it is 

crucial for a firm to have an overview of all necessary complexity drivers to understand how they 

arise and how they affect the supply chain. If this step is accomplished, the drivers can be managed 

and thus kept under control. Furthermore, when necessary complexity drivers are not managed 

carefully, they can affect decreasing drivers as well. As such, drivers that decrease complexity must 

not be neglected but be viewed and managed in accordance with other drivers. 
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7. Discussion and Conclusion 

7.1. Theoretical Implications  

This thesis provides a broad overview of digitalization of supply chain in the current stage by applying 

a SLR. Digital transformation is shaping new business landscapes and transforming business models. 

Therefore, companies need to adapt to this trend to not lose its market position by falling behind. This 

thesis further elaborates on supply chain complexity drivers and how these change through digital 

transformation. These results can be used to answer the research question of how disruptive digital 

technologies influence the development of supply chain complexity.  

The theoretical contribution of this thesis is that digitalization affects the supply chain complexity 

drivers positively and negatively, depending on the respective driver. Using the framework by 

Vachon and Klassen (2002), complexity drivers were identified and categorized. Drivers with high 

impact, that is with high necessity and relevance, were mostly considered for the discussion.  

Regarding the complicatedness in product and processes, more automation leads to easier observation 

and control. However, the underlying structures of handling and disseminating information in 

addition to more complex products in terms of the data they generate, and their frequent 

reconfiguration and transfer among partners seem to outweigh. Thereby, they are associated with 

increasing complicatedness. On the contrary, overall uncertainty in product and process will be 

lowered. Firms face the question of how well their supply chain is set up to adopt technological 

changes broadly, in addition to a seemingly increasing dependency on technologies. It can be seen 

that new opportunities of observability and control make processes and operations more transparent, 

thereby decreasing uncertainty. Regarding the complicatedness in management systems, several 

factors play a role. Overall, it can be concluded that the adoption of digital technologies will further 

intensify the identified complicatedness drivers of management systems. Existing supply networks 

will expand and more participants will be involved which complicates processes. Furthermore, the 

customization trend will add another level of complicatedness into processes, partly due to AM. 

However, although digital technologies can intensify existing uncertainties of management systems 

or add new drivers as mentioned above, it can be concluded that the overall uncertainty decreases 

when these technologies are applied and implemented in the right way. Gaining visibility and 

transparency of current developments creates higher certainty and dependency on external partners 

may be contained once technologies are in place. Assessing all four quadrants and weighing the 
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different increasing and decreasing factors against each other, a first observation becomes noticeable. 

By dividing complexity into complicatedness and uncertainty, it can be seen that technologies that 

promote digitalization tend to increase complicatedness but decrease uncertainty. This is a relevant 

observation in terms of managing supply chain complexity.  

This analysis provides a clear overview of supply chain complexity drivers that arise or intensify 

through digitalization, which can be used to understand complexity drivers and how to deal with them. 

Following Vachon and Klassen (2002), this thesis divides the drivers into unnecessary and necessary 

drivers. The result of this gives indications on how to deal with each. The prior need to be reduced 

or, if possible, be eliminated since they do not add any value to the supply chain. The latter need to 

be carefully managed. A valuable insight of the analysis is the importance of complexity drivers. 

Although more management effort is involved in controlling these drivers, they also serve as entry 

barriers for new market entrants. In order to keep up with the competition and fulfill customer demand, 

these complexity drivers need to be leveraged on. Another insight won is associated with the 

interconnectedness of complexity drivers. Focusing on one driver solely cannot guarantee the 

expected result, as one mismanaged necessary driver might lead to an increase in unnecessary drivers 

or make decreasing driver reverse. How to handle these supply chain complexity drivers in practice 

is elaborated on in the following.  

7.2. Managerial Implications  

The undertaken analysis provides an in-depth overview of how the complexity within the supply 

chain is affected when digital technologies are added. This newly gained theoretical knowledge can 

be used in practice by managers to handle complexity in real supply chain settings. Managing 

complexity drivers should be one of the major focus points for companies in order to stay competitive. 

While doing so, managers should consider the usage of digital technologies from the perspective of 

increasing, as well as decreasing complexity. Synthesizing the findings on how digital transformation 

alters dynamics within SCM, a stepwise approach is proposed in order to deepen knowledge about 

these dynamics and their implications. As such, this general guideline consisting of four steps can 

assist managers in decision-making when assessing and implementing new digital technologies 

(Figure 10).  
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Figure 10: Guideline to managing complexity 

As a first step to understand the complexity, managers need to identify complexity drivers that are 

affected by adopting digital technologies. As mentioned, this can be done by examining complexity 

from two angles: complicatedness and uncertainty. The analysis provides insights that when 

implementing the discussed technologies, uncertainty will be reduced whereas complicatedness will 

increase. This indication can be used by managers when adopting new technologies depending on a 

company’s focus and strategy. Once this step is accomplished, step two can be taken by looking into 

the identified complexity drivers and sorting them into ‘increasing’ or ‘decreasing’ complexity 

drivers. The key learning for managers here is that they must realize that simply implementing 

technologies and being satisfied with the decreased complexity is not enough. Complexity as a whole 

is interlinked and managers need to recognize the connection between these. Failing and neglecting 

to manage increasing complexity drivers properly, may convert decreasing complexity drivers into 

increasing ones again. Therefore, it is necessary that managers understand the dynamics. As these 

links and underlying implication are identified, it is helpful to investigate the increasing complexity 

drivers according to their value-adding potential. On the one hand, managers must seek to reduce or 

eliminate unnecessary drivers to positively impact the burdensome and costly operations along the 

supply chain. On the other hand, necessary complexity drivers need to be managed purposefully, in 

terms of leveraging on the value, and possibly the competitive advantage, they may create. Overall, 

a holistic view of the impact of digital technology on current supply chain complexity is vital for 

managers. New digital technologies are emerging at unprecedented speed, leading to unexpected and 

recurring changes of the current status quo. In order to prepare for this, managers need to understand 

the impact induced through digitalization. This stepwise approach can support the managers in this 

process.  
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7.3. Limitations and Future Research Suggestions  

Additional research can be done in order to complement this thesis as it contains some limitations. 

Firstly, these limitations refer to the scope of the thesis to provide a general overview of current 

publications about digitalization in the supply chain. Secondly, they result from the methodology 

applied. This study seeks to give a holistic overview and synthesizes as well as builds on studies from 

various industries, countries, and companies of different size. Thus, individual companies may find 

themselves exposed to differing settings and must carefully consider the environment they find 

themselves in. However, throughout the literature review, different contextual settings in the 

publications are considered whereby a thorough understanding of the latest developments regarding 

digitalization is given. Furthermore, taking the supply network perspective, whereby stakeholders of 

different size, location and product range come together, it is appropriate to consider the suggested 

findings as a general guideline for how to perceive and manage complexity.  

From a technical perspective, the study is mainly limited to the decisions made concerning the 

developed search string and the selected databases. The generated search string may be incomplete 

concerning initial keywords, technologies included, and synonyms used. Furthermore, the selected 

databases may potentially not include every article published even though it would qualify for 

inclusion according to the other defined criteria. Yet, by generating the search string and selecting 

the databases as outlined, the authors of this thesis are confident that the most relevant publications 

are included. In addition, as the thesis sought to synthesize and build on general implications from 

emerging technologies, missing individual contributions is not likely to fall into weight significantly. 

Finally, it must be mentioned that a high number of technologies included within the search string 

did not find any consideration in the articles. For example, ‘Blockchain’ is one of the buzzwords in 

today’s media and an important technology according to DHL Trend Research (2016) and Gartner 

(2017). It also has found deep considerations within some industries, such as finance and accounting 

(Casey & Vigna, 2018). Therefore, as both DHL and Gartner suggest, technologies of importance in 

the future, some fields for further research can be suggested.  

This study is a representation of the current state of research. Therefore, the outcomes and the 

perception of digitalization indicate that the topic will further grow in importance and must be 

followed up and adjusted to concerning developments in the future. Thereby, it is important to 

broaden the scope of technologies under investigation as well as industry-specific implications. 

Acknowledging the recency and the speed at which change has occurred in past years, it still needs 
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to be noted that general research lacks a sound theoretical basis of the implications of the digital 

transformation. While there are several empirical papers on real supply chain application scenarios, 

the implications for today’s theoretical conceptions of businesses and the economy as a whole need 

further investigation (Porter & Heppelmann, 2014). Indeed, this study gives a first indication on how 

some industries may be affected, mainly the manufacturing sector. However, considering the latest 

developments, the need for every single business to reconsider their business model is emphasized 

(Teece, 2010). For example, while the conceptualization of Vachon and Klassen (2002) looks at 

‘process/product’ on the technological dimension, future research could extent the view by 

considering ‘services’ as well. This seems appropriate as the digital transformation is seen to promote 

servitization further and promotes new ‘service-as-product’ business models (Vendrell-Herrero et al., 

2017).  

Furthermore, this study finds that different technologies are mostly viewed in isolation. However, 

this cannot be sufficient when seeing how different technologies interrelate (Carr, 2003; Baumers et 

al., 2013). Indeed, it is not purposeful for a firm to consider application of, for example, advanced 

manufacturing only. It must be investigated in interrelation with other disruptive technologies to fully 

understand their implications. In that sense, future research should aim at viewing a wider range of 

technologies, their interrelations, and their implications for application beyond singular firms or 

industries but in terms of a supply and demand ecosystem (Christopher & Ryals, 2014; Letaifa, 2014). 

Beyond these suggestions, this study finds that research must also include sustainability aspects of 

the emerging technologies more thoroughly. Firstly, environmental concerns of supply chains in 

relation to the digital transformation must be investigated, as concerns about electricity usage, waste 

reduction and management, and reusability gain importance among consumers (Baumers et al., 2013). 

Furthermore, social impacts of a digital transformation need to be explored. On the one hand, 

implementation of advanced manufacturing technologies may revert production facilities to move 

back to where products are consumed. This implies substantial job losses in emerging countries which 

could have disastrous impact for their economic development (Ben-Ner & Siemsen, 2017). On the 

other hand, this would not create new jobs in developed countries, as unskilled labor will be replaced 

by autonomous machines. Instead, high-skilled labor will further increase in demand, widening 

inequalities within advanced economies (OECD, 2001; World Economic Forum, 2016). As such, the 

benefits that research suggests to occur through digital transformation in terms of competitive 

advantage and ultimately, superior performance, must be viewed in closer association to the triple 
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bottom line, considering all aspects of environmental, social, and financial sustainability (Elkington, 

1998). 

7.4. Conclusion  

This paper enhances the understanding of how digitalization will impact the supply chain complexity 

that firms are exposed to. Previous theoretical suggestions and findings on complexity drivers were 

considered and supplemented by factors that arise through the digital transformation. A SLR 

comprising current research on digitalization in SCM was conducted. This methodological approach 

allows for a thorough understanding of the research by systematically mapping and assessing it. 

Thereby, most pressing technological advances including their opportunities, limitations, 

implications for businesses and future prospects, as well as related supply chain trends and 

developments were outlined. Based on these findings, newly arising complexity drivers were derived 

and considered in terms of how to effectively manage them. 

Findings suggest that digitalization may simultaneously impact upon supply chain complexity 

positively and negatively. By dividing complexity into complicatedness and uncertainty as proposed 

by Vachon and Klassen (2002), it becomes evident, that the emerging technologies have the potential 

to substantially decrease uncertainty. However, through the emergence of ever more technological 

infrastructures and the need to integrate more stakeholders into the production process, 

complicatedness will increase. Therefore, in terms of rising or declining overall complexity, it 

remains firm-specific of whether uncertainty-decreases or complicatedness-increases will outweigh, 

as it depends on which technology is implemented and what the firm’s contextual setting demands. 

In addition, the assessment of the different drivers and their interrelationships provides further 

evidence that complexity must not be viewed purely negatively but can be beneficial in terms of 

adding value to the firm. Building on Serderasan’s (2013) guidelines on how to manage complexity, 

the drivers were grouped into necessary and unnecessary complexity. Unnecessary complexity needs 

to be reduced or eliminated because it does not add any value. Necessary factors on the contrary are 

needed and must be managed purposefully because they provide value to the supply chain.  

Viewing factors of necessary complexity in interrelation with drivers that decrease complexity, it is 

shown that they are likely to be contingent on one another. That is, the understanding and handling 

of one type of complexity may ultimately affect upon another. For example, excelling at managing a 

necessary complexity may decrease complexity on another end. Likewise, failing to effectively 

manage one driver may result in increased complexity where it is not necessary. As such, the process 
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of assessing a firm’s and a supply chain complexity setting is highly dynamic. This study highlights 

how the digitalization trend impacts upon supply chains and investigates the underlying dynamics. 

Building on the literature and different theoretical proposals towards complexity, a broad guideline 

for assessing and managing supply chain complexity in times of a digital transformation is suggested. 

With the support of disruptive technologies, it is up to managers to handle all complexity drivers that 

will affect the supply chain through the adoption of disruptive technologies. They need to be aware 

of upcoming changes and how these will affect the processes or parts of the supply chain and how 

these changes can be managed. As suggested by this thesis, a first step can be to assess whether a 

disruptive technology impacts upon uncertainty or complicatedness. Secondly, assessing whether the 

added complexity is necessary to be managed or unnecessary due to not adding any value and, thirdly, 

investigating their interrelations helps to gain a deep knowledge of the various complexity drivers. 

When management achieves to do so, adopting new, disruptive technologies should no longer be 

associated with obscurity and uncertainty. Instead, companies can make decisions in accordance with 

their strategies and leverage on the benefits of digital transformation. 
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