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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) 


Information Processing Complicatedness
 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 


Uncertainty 


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 
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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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