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Abstract 
Through a future oriented research methodology based in critical realist epistemology and ontology, this study 

uncovers the likely impacts of emerging technologies (internet of things, cloud computing, big data analytics, 

artificial intelligence, virtual and augmented reality, industrial robotics, 3D printing and blockchain), broadly 

described as the Fourth Industrial Revolution, on Global Value Chains (GVCs) and the development prospects 

of Africa. Thereby, the thesis answers its main research question about how the technological change promised 

in the Fourth Industrial Revolution influences the organization of GVCs and the implications for development. 

The study begins by uncovering the role of technology in the GVC literature and suggests - through theoretical 

modularization - that the literature to great benefit can be complemented by the theories of technological 

paradigms and revolutions formulated by Dosi (1982) and Perez (2002). Based on a modularized framework 

of GVC theory and paradigmatic theories about technological change, the study conducts a series of interviews 

with management consultants, Fourth Industrial Revolution agenda setters and development experts and finds 

that the revolution brings about a new technological and managerial common sense that changes governance 

mechanisms and distributions of value-added in GVCs. The thesis discusses how it is likely that these changes 

will lead to shorter and digitally integrated value chains that are more regional than global in their geographies. 

In terms of development, the thesis argues that the changes in the organization of GVCs pose significant 

challenges for African GVC participation and upgrading. Thus, it is unlikely that development in Africa can 

follow the previously successful GVC development path of East Asia and China. In doing so, the thesis argues 

that the Fourth Industrial Revolution challenges the development prospects of the developing world. Through 

its findings, the thesis illuminates a near future and thereby prepares businesses, politicians and academia for 

the Fourth Industrial Revolution. 
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Introduction 
For students of International Political Economy, the complex flow of goods and services across great distances 

of the global market, embodied by global value chains (GVCs), constitutes a key building stone of the global 

economy. GVCs are the outcome of technological innovations manifested in industrial revolutions (Baldwin, 

2016) that throughout modern time have elevated what is possible and brought immense wealth to people 

around the globe: The discovery of the steam engine paved the way for the First Industrial Revolution by 

dramatically reducing the cost of moving goods. Another fundamental change came with the Second Industrial 

Revolution which was characterised by innovations within mass production and transportation. Yet, perhaps 

the greatest change occurred during the Third Industrial Revolution where the newly invented silicone-based 

semiconductors brought about information and communication technologies that effectively made the transfer 

of information across distances free. Across these revolutions the pattern is clear. Technological innovations 

catapult human civilization higher and revitalize whole economies by rewriting the rules that societal actors 

play by and thereby transform our lives. Consequently, understanding revolutionary technological 

breakthroughs is to capture the direction of progress and thus of central importance. Today, such understanding 

is more relevant than ever, as it seems we stand on the brink of another revolution of magnitude similar to the 

revolutions of the past. In the words of World Economic Forum chairman Klaus Schwab (2016): “We stand 

on the brink of a technological revolution that will fundamentally alter the way we live, work, and relate to 

one another […] We do not yet know just how it will unfold”.  

 

This Fourth Industrial Revolution (4IR) is born out of the convergence of powerful emerging physical and 

digital technologies such as 3D printers that make traditional sequential production lines obsolete, Internet of 

Things that enables data collection and total control over operations and Artificial Intelligence which allows 

for hitherto unprecedented optimization of production. The impact of these technologies is expected to 

influence every company by changing business models and processes (Rogers, 2016, p. IX) and thereby 

redefine the boundaries of traditional industries (Greenberg, Hirt, & Smit, 2017). From this, the thesis finds it 

likely that the GVCs of the world are to change as well. This, global actors have started to realise. The German 

Government has coined the term “Industry 4.0” to describe the rapid convergence and coming of age of 

technologies within manufacturing (EC, 2017). In the US, the idea of “Industrial Internet” emphasizes that the 

new technologies’ potential to transform businesses goes beyond manufacturing (Sherry, 2017). Similarly, 

China has deployed the 2016-2020 policy blueprint “Internet+” to become a world leader in the production of 

semiconductors and robotics which involves bosting R&D expenditure and marrying technology and 

traditional businesses (Reuters, 2016). Arguably, these policy moves signify that actors on a global scale are 

beginning to observe that the global economy is about to move towards new technological underpinnings. 
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However, echoing Schwab (2016), the debates and policies surrounding the heralded 4IR are characterized by 

a high degree of uncertainty about what the future will bring. In particular, this thesis observes, the influence 

of technological change on development remains uncertain and full of discrepancies. The World Economic 

Forum considers the current period as “[…] a window of opportunity for latecomers [i.e. developing countries] 

to leapfrog into new sectors” (Mathews & Lee, 2018) because latecomers unlike more advanced economies 

are not locked in by existing technologies. Similarly, Deloitte (2016) sees great potential for African countries 

to utilize new technologies to develop unique high-tech products and services and leapfrog global competitors. 

Africa do not have old infrastructure holding the continent back in embracing the technological change of the 

4IR. In contrast to these positive perspectives, the World Bank finds that the revolution raises the bar for 

developing countries (Hallward-Driemeier & Nayyar, 2017). In particular, the pro-development characteristics 

of manufacturing, a traditional vehicle of development, may erode in response to the new trends in technology 

and changing patterns of globalization. Due to technological change advanced economies may retain 

production in home markets and because of the automation imperative inherent in the revolution, the historical 

job creating potential of manufacturing diminishes (Hallward-Driemeier & Nayyar, 2017, p. 136). 

 

With uncertainty about the implications for development of the 4IR, this thesis suggests that a better 

understanding of the challenges of accelerating technological changes on the next generation of developing 

countries is needed. Largely, in the Western world, when academia concerns itself with the revolution, it has 

made predictions about how new technologies will disrupt labour markets and replace labour in both white 

and blue collar jobs (World Economic Forum, 2016). Yet, what is needed is academic attention towards the 

consequences of technological change for development in the developing world.  

 

To properly understand the consequences, it is necessary to understand how GVCs will change under the 4IR. 

Participation and subsequent upgrading in the global economy by means of GVCs is a recognized, tried and 

tested path towards development and up the income ladder. Looking to East Asia and China, GVC integration 

constitutes a key driver of economic development. In the late 20th century, by attracting outsourcing activities 

from the West, Asia became the factory of the world, an economic miracle that provided millions of citizens 

with a ticket to the global middle class. Following the economic boom of Japan, the Asian Tiger Economies1 

and later China gradually moved up the income ladder by assuming and upgrading into more and more 

advanced activities as these were relinquished by more advanced economies. This development approach has 

been described as the flying geese development model (Akamatsu, 1962; Kojima, 2000). 

 

                                                   
1 Hong Kong, Singapore, South Korea and Taiwan 
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Today’s economic might and global integration of the Asian region testify to the effectiveness of this path to 

development. Consequently, the GVC recipe for effective development is attractive for other countries to 

follow and it makes an international advantage out of having a large population ready to work for small wages. 

Therefore, in spite of the World Bank’s warnings about the 4IR, this thesis sees that the next generation of 

developing countries – in particular Africa -  is preparing to follow Asian lead geese and capture the activities 

that Asia sheds as the region climb ever-higher on the income ladder (AfDB, 2018a, p. 51). However, standing 

at the brink of a new technological revolution, this thesis questions the notion that the road to development is 

the one paved by the manufacturing powerhouses of the past. Facing a new revolution that rewrites the rules 

of society, the logic of GVCs is likely to change and consequently, to understand how development is 

influenced by technological change, it is necessary to consider how GVCs are shaped by the 4IR. 

 

With these puzzles in mind, this thesis sets out to explore the consequences of the 4IR in terms of GVCs and 

development. Naturally, because the revolution is a future and ongoing phenomenon, the thesis is forward-

looking in the investigation of technological change occurring in a mixed field of business and politics. Besides 

demonstrating the benefits of inquiry into this mixed field, the thesis further seeks to reveal the central role of 

technology in the global political economy. Understanding technological change, this thesis argues, is to 

understand the direction of human endeavour. It reveals what drives business decisions and the following 

political responses and thus exposes the engine of the international political economy. Finally, by being 

forward-looking the thesis aims to help us prepare for the future so that we can address the challenges it brings 

forth. 

Research Questions 
The conclusions of this thesis’ investigation of role of technology and its impact on GVCs and development 

bring the curious business strategists, the long-term oriented policy makers and the forward-looking academics 

closer to understanding consequences of the 4IR. To guide the inquiry, the thesis poses the following research 

question: 

 

How does the technological change promised in the Fourth Industrial Revolution influence the 

organization of global value chains and what are the implications for development? 

 

To illuminate this research question, a number of sub questions have been formulated to steer the research and 

to provide a logical progression in answering the main research question. The GVC literature is a much-cited 

framework explaining global economic organization. As a first step towards answering the main research 

question, the GVC literature is reviewed to assess whether it is capable of incorporating and explaining 

technological change. This will be done through the investigation of sub question 1:  
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How does the Global Value Chain literature explain technological change? 

 

The answer to this question highlights the necessity of bringing in theories that explain technological change, 

if the thesis is to arrive at an answer to the main research question. Next, the thesis investigates the nature of 

the 4IR to gain an understanding of what it entails. This is a prerequisite for answering how it influences GVCs 

and development. Consequently, the thesis investigates sub question 2: 

 

How does the Fourth Industrial Revolution qualify as a technological revolution? 

 

With answers to sub question 1 and 2 in place, the paper can turn to the first part of the research question and 

investigate how the 4IR influences the organization of GVCs. This is only possible because of the gained 

theoretical understanding from sub question 1 and the substantiation of the 4IR in sub question 2. Based on 

the preceding sub questions, sub question 3 asks: 

 

How is the Fourth Industrial Revolution likely to influence the structure of GVCs? 

 

As will be elaborated upon in this thesis, the GVC notion is key in development discussions. Consequently, 

building on the answer to sub question 3, the final part of the research question regarding development can be 

answered and discussed through the case of African Development Bank’s (AfDB) policies. This will be done 

through the investigation and discussion of sub question 4: 

 

How does technological change in GVCs influence the development prospects of Africa? 

 

Scope 
Besides serving as a focusing mechanism for the thesis in answering its research question, the sub questions 

provide a scope for investigation. First of all, the thesis concerns itself with GVCs in general and thereby does 

not look into how GVCs of specific industries are influenced by the 4IR. Although, this thesis draws on insights 

from different industries, this is in an attempt to arrive at insights with validity on an abstract theoretical level. 

Secondly, development is considered in its broadest sense and thus the thesis does not discuss the development 

prospects of individual countries. Largely, the thesis investigates the issue of development from a regional 

perspective and thereby seeks to engage with the overriding development discussion that expands across 

countries. Finally, the thesis is not a study of how technological change in a historical context has influenced 

GVCs. Instead, this thesis focuses its efforts on the 4IR and the technological change it might entail. Although, 

an appreciation of the historical foundations of GVCs is needed to understand current developments, ultimately 

the thesis is forward-looking in its scope and seeks to uncover the underlying mechanisms that drive GVCs 
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and development discussions today. To be clear, the thesis is not an attempt to explain how all GVCs will be 

influenced by a new industrial revolution. That task would be too great for a single contribution. Instead, the 

thesis engages with the key questions of global economic organization and future development prospects on a 

conceptual level. The thesis seeks, through a forward-looking methodology, to bring together theoretical and 

empirical discussions to raise a flag of concern about the challenges of the 4IR in GVCs going forward. 

 

Structure of the thesis 
To answer the research questions, the thesis is structured in 7 chapters. Chapter 1 outlines the forward-looking 

qualitative research methodology and situates the thesis within a critical realism philosophy of science. 

Thereby chapter 1 sets the parameters within which the subsequent chapters operate. Chapter 2 reviews the 

GVC literature to uncover how technological change is accounted for. Chapter 3 presents theories of 

technological change to complement the GVC literature. Chapter 4 engages in theoretical modularization and 

combines GVC and technological change theory. The modularization of chapter 4 serves as the conceptual 

framework for the analysis and discussion in the following chapters. Chapter 5 establishes the Fourth Industrial 

Revolution as a technological revolution and discusses the implications thereof. Based on this discussion, 

chapter 6 analyses and discusses GVC restructuring. Finally, chapter 7 draws on the findings of chapter 5 and 

6 and discusses implications for development. The thesis concludes by answering the research questions and 

with a short reflection on the implications of the study. 
 

Table 1. Structure of the thesis, Authors’ own  

 
  

Introduction

Conclusion

Chapter 1. Methodology

Chapter 2. Literature review Chapter 3. Building Theory: A 
Technological Complement 

Chapter 4. Theoretical Modularization

Chapter 5. Dynamics of Industrial Revolutions 

Chapter 6. Global Value 
Chain Restructuring

Chapter 7. Implications for 
Development
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1. Methodology 
Research Approach 
This chapter discusses the research approach and methodological choices of the thesis in relation to how the 

research is shaped. Given the futures study nature (Slaughter, 1996) of research questions looking at possible 

future GVCs and development outcomes, this chapter is dedicated to developing a methodology aimed at being 

able to make inferences about forthcoming developments while ensuring that the insights of the paper can be 

replicated and thereby steer future research on the impact of technology in GVCs. The chapter goes as follows: 

First, a philosophy of social science is outlined and discussed in terms of how ideas of ontology and 

epistemology shape the research. Next, the thesis discusses its qualitative research design and how it enables 

forward-looking inquiry. With the research design in place, the thesis discusses the use of methods and how 

data is collected, recorded and analysed. Finally, the thesis reflects on issues of validity and reliability and 

considers the delimitations of the chosen research approach. 

 

Critical Realism and how it shapes the research approach  
Moses and Knutzen (2012) argue that philosophy of science (worldviews in Creswell (2014)) and 

corresponding methodologies are located along an imaginary continuum with naturalist worldviews at one end 

(Postpositivism in Creswell (2014)) and Constructivism at the other. Occupying a middle position in this 

spectrum, critical realism as a philosophy of science combines ontological and epistemological assumptions 

of naturalism and constructivism (Moses & Knutsen, 2012, p. 12). Based on research ambitions, the thesis has 

a choice to make along this continuum with respect to how ontology and epistemology are perceived. 

 

Ambitions to make inquiry into GVCs and development prospects under the 4IR imply accepting the 

revolution as a social and technological phenomenon that is “out there” independent of how it is perceived. 

This acceptance stands in contrast to constructivist ideas of socially constructed worlds made up by perceptions 

(Creswell, 2014, p. 8; Moses & Knutsen, 2012, p. 10). Hence, it is not possible to reconcile a constructivist 

worldview with the ambitions of the thesis. Consequently, constructivism is unfeasible in this study. 

Furthermore, the thesis, through its research, seeks to invite a debate and raise a flag of concern about GVCs 

and development implications of the 4IR. This arguably stands in contrast to naturalist objectives which strive 

to separate the researcher and the object of study. Additionally, resembling a futures study, the thesis makes 

no naturalist claim to truth i.e. having knowledge that corresponds to the state of affairs in the real world. 

Instead, interference is based on the merits of a greater understanding of the underlying mechanisms of the 

world. Naturalist ontological and epistemological assumptions about the world and the nature of knowledge 

thus seem of little use in this thesis. The choice of philosophy of science must accommodate the thesis’ 

forward-looking ambitions and its concern for consequences of something that is unfolding and partially 

unknown at the time of writing. 
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Because critical realism merges naturalist and constructivist perspectives (Moses & Knutsen, 2012), the thesis 

argues that it accommodates the demands to a philosophy of science in a forward-looking study. Critical 

realism is thereby a suitable worldview fitting for the thesis’ purposes. In critical realism, ontologically, there 

is a real world that exists independently of our perceptions of it. This world is highly complex and thus 

stratified and differentiated in nature (Benton & Craib, 2011, p. 130). The world is stratified as there is more 

to it than can be observed. Below the observable empirical level of the world, the actual level constitutes 

sequences of events stemming from mechanisms that in turn comes from the deeper level of the real world of 

underlying structures (Benton & Craib, 2011, p. 126; Sayer, 2000, Chapter 2). Mechanisms co-exist and 

interact in contingent ways in the open systems of the world, but these can be artificially isolated through 

experimentation by the creation of closed systems. Accordingly, rules of the world apply across both open and 

closed systems which allows for scientific inquiry (Benton & Craib, 2011, p. 130). Yet, sequences of events, 

i.e. the manifestation of underlying mechanisms, may be different across the open and closed systems. This is 

the differentiated nature of reality (Benton & Craib, 2011, p. 130). Thus, although mechanisms may be 

constant, their influence may differ outside closed systems when they interact with other mechanisms. This 

reflects the essence of the critical realist epistemology (Moses & Knutsen, 2012, p. 4). Knowledge is not the 

discovery of causation, which would imply that mechanisms always trigger the same sequence of events and 

thus make prediction possible. Instead knowledge is the uncovering of causal mechanisms, how and why they 

work, and under what conditions they take certain forms (Sayer, 2000, Chapter 2). Thereby, the quest for 

knowledge is not one of explaining, it is instead a quest for greater understanding of how the world functions. 

 

Because critical realism digs into the deeper strata of social reality, a discussion on when causality is identified 

is warranted. It is important to stress that the insights of the thesis reflect not causal links between observable 

phenomena at the empirical level. Prediction in the sense that “whenever event x, then event y” is unlikely 

features of social reality (Brown, Fleetwood, & Roberts, 2002, pp. 4–5). Instead, causality discussions revolve 

around the mechanisms, social structures, power and relations that can be uncovered and explained in relation 

to each other (Brown et al., 2002, p. 5). Causality is thus rooted in the efforts to explain the flux that govern 

events – not the casuals links that predicts them (Brown et al., 2002, p. 5). Thereby, the forward-looking nature 

of the thesis is accommodated by the idea that it is possible, through better understanding of underlying 

mechanisms, to consider plausible futures (Aligica, 2011, p. 614) and discuss likely future implications of 

those mechanisms. In 2014, Gereffi argued that “[…] globalization as we know it is undergoing a series of 

fundamental shifts, many elements of the future system are there for us to see.” (2014, p. 28). Similarly, this 

thesis argues that the uncovering and explanation of underlying mechanisms of GVCs and technological 

change provide a means to behold what the future might bring. There is no claim to predictive truth about the 

future role of technology in GVCs and subsequent implications for development. After all, the future is 
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unpredictable (Slaughter, 1996), constantly moving and being shaped by what actors of the present deem 

possible, likely and desirable (Schulz, 2015, p. 129). Yet, a greater understanding of the technological 

mechanisms that shape GVCs and development outcomes can be unveiled by looking beneath the surface of 

reality (Slaughter, 1998, p. 376) at interacting mechanisms and conditions of the actual. Unveiling these 

mechanisms generates insights into the future configuration of GVCs and development consequences thereof. 

 

Through the research questions, the thesis attempts to uncover mechanisms of the world and thereby address 

the real that govern global organization and development. Yet, as the real is by definition out of reach, it can 

only be addressed through mechanisms seen through the lens of observable caused events. The issue of future 

studies is further complicated by the fact that we cannot observe a future state of GVCs and development. Yet, 

because the future is shaped by the present, and expectations about the future influence the present (Schulz, 

2015, p. 133), it is argued that uncovering and understanding contemporary mechanisms of GVCs and 

technologies provide evidence to likely patterns of global economic organization and development under the 

4IR. 

 

Research Design 

Choosing a qualitative research design 
With a critical realist philosophy of science in place, this section reflects upon the research design. The design 

of the research is the tool by which the thesis seeks to achieve its ambitions and investigate future implications 

of technological change for GVCs and development. 

 

To investigate the forward-looking research questions, this thesis proposes a qualitative research design. 

Although scholars like Creswell (2014) tie such design with constructivist worldviews, it is here argued that a 

qualitative design works well within the critical realist ontological and epistemological assumptions. First of 

all, a qualitative research design is more concerned with understanding than explaining and thus resonates 

critical realist ideas of causation. Also, a qualitative design aimed at understanding is arguably also the best 

way to approach the research question regarding the 4IR’s influence on GVCs and development. If this thesis 

is to address this question, an in depth understanding of relevant mechanisms is warranted. Gerring (2012, p. 

365) argues that qualitative studies are perhaps more suitable when investigating rare events such as 

(industrial) revolutions. Whereas quantitative designs provide insights into the symptoms and frequencies of 

an issue, qualitative inquiry enables clarification of the deeper causes of an industrial revolution and its 

consequences for GVCs and development (Flyvbjerg, 2006, p. 229). Furthermore, the qualitative design’s 

emphasis on achieving a holistic account echoes the differentiated nature of the critical realist ontology. With 

mechanisms at deeper levels of the world potentially interacting in unknown ways shaping the present and the 

future, appreciating the complex nature of these interactions is key. Study into the intersection of GVCs and 
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technology under the 4IR, must consider how different trends at the macro, meso and micro level interact and 

materialize in GVCs and development outcomes. 

 

The qualitative research design fits with a critical realist worldview as it allows the study to go beyond the 

study of causation and into the mechanics of how GVCs and development operates now and in the future. The 

qualitative research design is equally suitable for the forward-looking aim of the thesis as, to echo Edwin 

Bacon (2012, p. 281), a rich contextualized appreciation of the topic of interest achieved through qualitative 

inquiry in combination with prediction attempts works well in providing bounded predictions about the future. 

Yet, the thesis does not engage in predictive activity per say. Instead, the thesis, in line with Flyvbjerg’s (2011, 

p. 166) emphasis on phronetic social science, engages in understanding contemporary GVC mechanisms to 

deliberate about the future. As the structures and mechanisms of the world are enduring (Mingers, 2015, p. 

321), a contemporary attempt to move below empirical observables provides a lens through which 

deliberations about the future can be made. A qualitative research design is justified on the ground that brings 

emphasis to the nuance (Flyvbjerg, 2011, p. 133) of GVCs, development and technological change. It is 

through attention to nuance that the study is able to move beyond events at a particular point in time towards 

forward-looking assessment of mechanisms. 

 

The retroductive model of inquiry 
Qualitative research designs combine both inductive and deductive processes (Creswell, 2014, p. 186). This 

thesis takes a similar approach but abstains from dividing the work into inductive and deductive steps. Instead, 

it deploys retroduction as the mode of inquiry. Retroduction is the spiralling movement between the abstract 

and the concrete i.e. between theoretical and empirical work (Belfrage & Hauf, 2017, p. 260). It thus combines 

deductive and inductive reasoning by simultaneously deploying the two. In its deductive moment, retroduction 

enables inquiry into the real world of GVCs and technology guided by conceptualizations and theory. In its 

inductive moment, the retroductive mode allows for refining already exiting GVC theoretical concepts and 

explanations (Belfrage & Hauf, 2017, p. 260). 

 

Retroduction allows for forward-looking research. The 4IR is evolving at the time of writing and thus there is 

a need for constantly checking theory up against unfolding developments in the real world. To refine the GVC 

theoretical framework’s appreciation for technological change, it is necessary to spiral back and forth between 

theory and GVCs. By doing so, the thesis spirals down into the layers of reality and checks the how, why and 

conditions of the underlying mechanisms that influence the observable GVCs (Fletcher, 2017, p. 189), based 

on which deliberation about future GVCs is possible. Constant attention to both theory and practice (Flyvbjerg, 

2011) is needed to understand the mechanisms that drive GVCs, technology and development. An 

understanding of these mechanisms is what allows for not only refinement of the GVC framework to better 
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consider the changes implied in the 4IR, it also empowers raising a flag of concern about development in the 

future. Relying on either inductive or deductive reasoning by themselves does not, to the same extent, enable 

the thesis to be forward-looking in the investigation of its research questions. 

 

The starting point of this thesis’ investigation of GVCs and the 4IR is the dissatisfaction with GVC theory’s 

apparent inadequacy in considering technological change. It is worrying that a framework widely adopted by 

the global community in explaining global economic organization and development has a technological weak 

spot. Aimed at remedying this shortcoming of the GVC literature, the thesis engages with its research questions 

through two phases (figure 1). 
Figure 1. A two-phased retroductive research design, Authors’ own 

 
In the first phase, the GVC literature is reviewed with respect to how it accounts for technological change. 

The review was conducted through a structured search on keywords of technology change and the 4IR in 

combination with “Global Value Chains” or the abbreviation “GVC” e.g. ‘Global Value Chains (GVCs) + 

technology’ and ‘Global Value Chains (GVCs) + fourth industrial revolution’. The search was conducted 

using EBSCOhost, Libsearch and Google Scholar. Considering only peer reviewed articles and seminal works 

of the literature, the identified articles were scrutinized based on abstracts and later read in detail. To report on 

the technological assumptions in the GVC literature, a chronological approach was chosen to demonstrate how 

the literature has developed across its key themes and topics of technology. For illustrative purposes, the 

theoretical advancement of the GVC literature is depicted in table 7. The review of the GVC literature justifies 

looking to other literatures in finding theoretical arguments that may bolster GVC theory against the 4IR. To 

properly situate additional theoretical insights, the thesis utilizes the idea of theoretical modularization where 
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it, through introduction of theoretical micro, meso or macro-level modules, is possible to complement GVC 

theory (Ponte & Sturgeon, 2014). 

 

In particular, the thesis complements GVC theory with a module encapsulating technological paradigms, 

technological trajectories and techno-economic paradigms (Dosi, 1982; Perez, 2010). These theories of 

technological change are largely macro-level and thus it can be questioned whether they can contribute to 

lower level concepts of GVC theory. Yet, Teece (2008, p. 510) argues that it is not entirely clear whether the 

paradigmatic technological approach operates on a micro or macro level. Thus, although the theories speak of 

changing paradigms which seem to occur at a macro level, it is here argued that these changes can also be 

decomposed to the level of individual firms, as ultimately, paradigmatic change is the sum of individual 

companies’ agency. Thereby, there are critical connections between macrolevel and microlevel explanations 

(Flyvbjerg, 2011, p. 138) of technological change. 

 

Similarly, in contrast to the division of theoretical levels in the GVC analysis, Markus and Robey (1988) argue 

that theoretical inquiry across levels is feasible in studies on the implications of technological change: 

“We believe that mixing levels of analysis may be useful in research and theory on 

information technology and organizational change” (Markus & Robey, 1988, p. 594) 

Paradigmatic change occurs on all levels. Thus, while theories are operationalized as operating primarily on a 

macro-level, insights drawn from technological change theories are applicable across all levels of analysis in 

the GVC framework. Based on these theoretical considerations, the thesis argues that a technological modular 

complement to the GVC theory can be collapsed to entail mixed levels. The introduction of a mixed-level 

technological module to GVC theory brings insights into the role of technology and how technological change 

influences central GVC concepts identified in the review of the literature. Consequently, the kind of theoretical 

modularization illustrated below (figure 2), as an outcome of the first research phase, becomes the theoretical 

lens and structural outline for subsequent analysis and discussion of GVCs and development under the 4IR. 

The combination of a GVC and a technological module is the theoretical apparatus that guides the forward-

looking nature of the rest of the thesis. 
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Figure 2. Illustration of the theoretical modularization, Authors’ own 

 
The second phase of the research, based on the theoretical modules of the earlier phase, investigates the 

plausible future impact of the 4IR on GVCs and development prospects. Whereas the earlier phase was 

primarily theoretical work, this forward-looking phase considers empirical sources to investigate the 

theoretical insights. As argued above, the future is being shaped by actors of the present. Consequently, to 

refine and substantiate the theoretical insights of the modularization exercise, it was decided to interview actors 

deemed likely to take part in shaping the future. Based on preliminary research on the 4IR and development, 

the paper identified three groups of actors relevant for the study (Table 2). 
Table 2. Three Groups of Actors likely to Shape the Future, Authors’ own 

 
These groups were written into an excel spread-sheet and populated with potential interviewees. Albeit 

bringing different kinds of insights, all individuals across the three groups work with the 4IR and thereby their 

opinions and observations have real weight in shaping likely future outcomes. 

 

Management Consultants were identified as means to understand the holistic movement of entire industries in 

response to new technologies. Engaging with consultants instead of individual businesses was a deliberate 

decision. Arguably, consultants, by virtue of advisory, promote certain futures and due to the nature of their 

work embody experiences across several companies and industries. In that, management consultants were 

deemed likely to explain the future of company activities and strategic decisions. Fourth Industrial Revolution 

Agenda Setters describes experts who work closely with the 4IR and thereby shape the global conversation 
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GVC MODULE

GLOBAL VALUE CHAIN THEORY
Influence

Influence

Role of Technology

Concepts of technological change

TECHNOLOGICAL MODULE

THEORIES OF TECHNOLOGICAL CHANGE



 17 
 

around it. They work in the ‘engine room’ of the revolution and consequently their opinions about the 

trajectories of technological development are seen as likely to shape the future of GVCs and development. 

Lastly, Development Experts is included to situate the debate about the 4IR in a development context. This 

allows the study to understand how prepared development thinking is for the change that comes with the 4IR. 

 

Representing different corners of the research topic, interviewing across these three groups allows the study 

to understand the underlying mechanisms that drive GVCs and technological change and to unveil how these 

mechanisms, going forward, might interact in shaping new development outcomes. In addition to primary data 

generated through interviews, the research draws on industry and IO reports on the issue of the 4IR. Some of 

this secondary material is the product of the three groups of relevant actors presented above. How the study 

ensures that the interviews moved beyond the knowledge of the secondary material will be elaborated upon in 

the data collection section below. Despite the posed dilemma, it was deemed necessary to include secondary 

material to draw conclusions and formulate insights about the underlying mechanisms of the actual. Lastly, 

the second research phase introduces policy reports by the AfDB on the future of African development to 

illustrate and contextualize the discussion about development in GVCs under the 4IR. It was chosen not to use 

a case study for this purpose, as the objective is illustration and thus secondary to the primary aim of discussing 

new development imperatives in the age of the 4IR. The three kinds of source material are summarized in table 

3. 
Table 3. Empirical Source Material, Authors’ own 

 
Drawing on a diverse empirical foundation allows the thesis to triangulate insights of one source with that of 

others. Through triangulation, the thesis has checked the insights of one source with findings of different 

material. In cases of opposing insights, insights have been dropped from the thesis. In addition to the three 

kinds of empirical material, insights have also been validated against what is proposed by the theories of the 

theoretical modularization. 
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Research Methods 
Social scientists tend to distinguish between research design and data analysis (Gerring, 2012). Although no 

data analysis can rectify problems of design, good research is characterized by both strong design and strong 

data analysis (Gerring, 2012, p. 79). This section looks into the methods underpinning the design and how data 

will be analysed after collection. Accordingly, the section explores the individual components of the research 

design. 

  

Semi-structured interviews as a means to produce new knowledge 
The semi-structured interview is a means of accessing the experienced world of individuals as it appears in 

their everyday life (Kvale & Brinkmann, 2009, p. 47). At a glance, these micro-level experiences may seem 

to hold little value. However, the selection of interviewees deemed shapers of technological change and 

development outcomes provides unique forward-looking insights on the impact of the 4IR on GVCs and 

development. The selection of interviewees across the three identified relevant groups thus takes a central 

position in this study. 

 

Selecting interviewees is a balancing act between getting access to experts that the preliminary research 

confirms fit the above outlined criteria with contacting reachable individuals. After all, getting in contact with 

whom we deem shapers of likely futures is no easy task. Nonetheless, this was achieved through personal 

networks of potential connections to top-tier management consultancies and to organizations working with 

development and the 4IR. The list of potential interviewees was contacted via Twitter, email or through a 

contact person. By the end 9 interviews were conducted (table 4). At this number of interviews saturation 

(Charmaz, 2006; Creswell, 2014, p. 189) was experienced and it was decided that little additional insight could 

be gained by hosting additional interviews.  
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Table 4. Interviewees, Authors’ own 

 
The semi-structured interview is a suitable method in the retroductive investigation of the complex reality of 

the global economy in the sense that it uncovers both opinions and facts (Kvale & Brinkmann, 2009, p. 48) 

and thereby oscillates between the concrete and the abstract. Because the 4IR is a future and contemporary 

phenomenon, it is crucial to get opinions about potential implications of unfolding events. Furthermore, 

opinions also constitute valuable sources of information about the future, especially when opinions come from 

those shaping the ongoing revolution. Finally, an important characteristic of the semi-structured interview is, 

that it in its essence is an interpersonal situation (Kvale & Brinkmann, 2009, p. 50). Thus, unlike the secondary 

material, the semi-structured interview gives the research the opportunity to debate the research questions in 

the moment of collection, which in turn facilitates a deeper level of insight. Knowledge achieved in a semi-

structured interview is co-produced (Kvale & Brinkmann, 2009, pp. 71–73) and it is because it is co-produced 

that interviews go beyond what could be uncovered through investigation of only secondary material. The 

interviews were conducted and designed to encourage the interviewees to (re)contextualize their views in GVC 

terminology, and thereby produce knowledge different from what can be found in reports and books. The 

ability to engage with the data is one of the greatest strengths of the semi-structure interview and the reason 

why this method of data-collection was chosen. 

 

By interviewing actors across the three different groups, the thesis seeks to ensure that obtained 

(re)contextualized knowledge is objective in a phronetic sense through combining different perspectives and 

interpretations in the interview process (Flyvbjerg, 2011, p. 139). Thereby, it is argued that the interviews 

produce valid forward-looking insights. To ensure that the insights are within the scope of the thesis, individual 
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interview guides have been prepared for each interview2 (Creswell, 2014, p. 194). These guides are based on 

the theoretical modules of the first research phase and thus ensure that each interview revolves around the key 

themes of GVCs and the 4IR. As the interviewees are primarily experts, the interviews have been considered 

as elite-interviews (Kvale & Brinkmann, 2009, p. 167) and at times the interviews have been closer to a 

discussion about the topics than interviews with non-experts would have been. Thereby, we as researchers 

have been engaged in the interviews in the dual role of discussant and interviewer - a necessary condition for 

the interviews to move beyond already available knowledge. To bring the interviewees’ specific knowledge 

into play in the context of this thesis, clarifying questions regarding the topics of interest suggested by the 

theoretical modularization were asked. 

 

Analysing qualitative data 
Because the interview guides are developed based on the theoretical modules, a roadmap of interesting avenues 

of analysis was already established before the interviews were conducted and thereby it was possible, during 

the interviews, to pursue the topics that would shed light on the theoretical areas of interest. Putting this 

advance of the analysis (Kvale & Brinkmann, 2009, pp. 132, 212) aside, the primary analysis of the qualitative 

data was done through a “theoretical read” of interview material and secondary qualitative sources. To allow 

for this, each interview was transcribed3. Although transcriptions are at best impoverished decontextualized 

reflections of the actual interviews (Kvale & Brinkmann, 2009, p. 200), transcription was deemed necessary 

to allow for subsequent analysis. As the transcription process occurred alongside the interview process, insights 

gained during transcriptions were pursued in the following interview thereby facilitating discussion ‘among’ 

interviewees. 

 

All transcriptions were coded using the NVivo 11 software according to a code book (figure 3) developed 

based on the theoretical modularization (figures 2 and 9). For simplicity and illustrative purposes, the actual 

combination of theoretical modules displayed later in figure 9 covers only the most central concepts and thus 

lower ranking theoretical ideas are not displayed. The code book is a more detailed version of these concepts 

and thereby aids analysis of interviews by encompassing the nuances of GVCs, technological change and 

development. Although, the design of the code book and the interview guides is aimed at capturing insights 

on predefined topics of interests, new topics have also been allowed to emerge. These were included in the 

code book as they arose. To ensure accuracy of the coding process, all transcriptions were double coded. The 

authors have checked and recoded each other’s coded material. In the event of new themes, all interviews were 

similarly recoded. 

                                                   
2 Appendix A 

3 Appendix B  
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Figure 3. Code Book, Authors’ own 

  
 

As the code book is developed largely on the insights of first research phase, the combination of a GVC module 

and a technological module serves as lens through which analysis is conducted. Consequently, the analysis in 

this thesis is arranged in its structure following the theoretical modularization. This decision was made to 

ensure consistency between the interview process, its line of inquiry, the actual analysis of the impact of the 

4IR on GVCs and the discussion of development implications. To make sure that the theoretical model used 

throughout the interviews and the analysis did not hinder the emergence of new insights, analytical 

backspacing was deployed. Following this principle and in line with the retroductive model of inquiry, if new 

insights emerged during the interviews or the analysis, every interview has been revisited and recoding with 

respect to this new dimension. Accordingly, it is argued that the limitation in relying on initial theoretical 
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modularization as the primary lens of analysis has been mitigated by utilizing an explorative analytical 

approach in line with the nature of the forward-looking research questions. 

 

Reflections on Validity and Reliability 
A central issue of validity and reliability (Gerring, 2012, pp. 82–83; Moses & Knutsen, 2012, p. 132) is the 

construction of arguments through the combination of theoretical modules and two research phases. The 

sequential approach signifies that the analysis and discussion of the second research phase depend on the 

theoretical modularization developed in first phase. The arguments presented in the thesis are essentially about 

change and effect, i.e. technological paradigmatic change and the consequences for GVCs and how this 

influences development. When arguments are constructed this way, discussing development ultimately rest 

upon the analysis of technological change. Thus, early technological analysis is the theoretical base upon which 

subsequent arguments are build. In this setup, the theoretical modularization indicates how technology 

influences GVC theory and thereby development. The validity and replicability of the thesis comes from the 

logical construction of arguments through this theoretical apparatus. 

 

Another central issue for validity and reliability is bias in the data collection phase. In particular, bias on the 

part of the authors move insights away from the truth and diminish replicability of the findings. To counter 

author bias in data collection, interview questions were carefully formulated to be open and neutral to ensure 

valid co-produced knowledge. However, because of the need to encourage interviewees to (re)contextualize 

their ideas in a new theoretical context, it was deemed necessary to design the interviews to generate GVC 

related insights. Although a common feature of semi-structured interviews, this guiding of interviewees 

towards GVCs is an avenue to bias. However, because the interviewees are considered experts, the extent to 

which author bias diminishes the validity of their perspectives is arguably small. Interviewee status serves a 

bias-countering purpose and in turn, replication of the thesis’ approach must ensure the same level of expertise 

and seniority to ensure replicability and validity. 

 

Lastly, findings acquired by looking at the social world are bound to be biased by both the endless complexity 

of human interactions and by the observers’ own understandings and biases (Moses & Knutsen, 2012, p. 146). 

Here the core assumptions of critical realism come to aid. Recognizing the existence of a real world that is out 

of reach concealed by the social dimensions layered on top of it, the thesis satisfies its research aim by pointing 

to possible truths through a retroductive investigation of the core mechanisms that drive change in the 

observable world. Because of the forward-looking nature of the research, validity and reliability will be 

determined by time, yet, triangulation serves to ensure high validity and reliability. Here, looking to Bhaskar’s 

idea of ‘the totality’ which denotes the belief that a description of a phenomenon is explained by an 

investigation of structures in deeper strata and that this investigation is predicated on some degree of 
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interpretation (Easton, 2010, p. 126; in Mingers, 2015), the insights and assertions made about the future is 

based on an understanding of the probability that it will come to fruition. A natural consequence of this is that 

other scholars would be able to reproduce this approach, but there would be no guarantee that the exact same 

conclusions would be arrived at as their interpretation of the probability will necessarily be different. 

Inevitably, however, other studies would arrive at similar mechanisms. 

 

Delimitations 
The methodological decisions outlined above entail a series of delimitations. As a conclusion on methodology, 

this section reflects briefly upon the most important limitations. 

 

The thesis is written on a subject that is currently unfolding. Consequently, a study of a forward-looking nature 

as the one proposed, presupposes that developments occur along a trajectory, or in the terminology of critical 

realism; that it is possible to identify persisting mechanisms. A dramatic change necessarily indicates an 

underlying mechanism that has not yet been uncovered and thus challenges the findings of the thesis. This is 

a significant limitation arising from the futures study nature. It follows that the findings of the thesis are not 

predictions, rather, they are explanations of a likely future scenario (Brown et al., 2002, p. 5). It is deliberations 

about direction and movements of GVCs and development and not prescriptions of future forms. The decision 

to use the modularized theoretical framework as a theoretical lens for research phase two implies another 

delimitation. Although, precautions were made to ensure that new ideas could emerge, the deployment of 

theoretical lenses removes aspects of technological change in GVCs from scope of the thesis. For instance, 

although the thesis seeks to challenge the GVC framework, the theoretical lens reinforces GVC terminology. 

 

Related to the issue of scope is the decision not to consider individual cases, whereby the thesis loses the ability 

to consider changes in particular GVCs. Yet, the thesis does not seek to explain changes in individual 

industries. Instead it seeks to contribute to a higher-level theoretical discussion on GVC change and 

development implications, thereby trading off applicability on particularities. The explanatory power of the 

qualitative design is less strong when it comes to generalization across borders and industries. The thesis 

recognizes this limitation. However, the applicability of the constraint on this research is only partial. The 

thesis seeks to operate on an theoretical level drawing on a vast accumulation of diverse source material to 

search for theoretical abstraction within the particular and vice versa (Flyvbjerg, 2011, p. 134). Consequently, 

the thesis operates at a higher (deeper) theoretical level (layer of reality) by saying something about the 

underlying mechanisms of GVCs, technology and development. Thereby, the thesis provides input into the 

ongoing dialogue and praxis on GVCs and development (Flyvbjerg, 2011, p. 139). It moves beyond empirical 

generalizations and deliberates based on the underlying drivers of the empirical, now and in the future. 
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Indicated in the reflection on validity and reliability, the selection of interviewees is central for the strength of 

the thesis’ arguments. This raises the question about the extent to which the views and opinions of the 

interviewees constrain the thesis in considering all perspectives. Although the principle of saturation has been 

applied and interviews were designed to take place across the three groups of important actors, important 

organizations like the World Bank, OECD and NGOs are not represented amongst them. Furthermore, 

interviewees represent a developed world perspective on GVCs, technological change and development and 

thus the thesis limits itself from obtaining developing world perspectives from the interviews. Over the course 

of the interviews, knowledge has been accumulated within the areas of GVCs and 4IR technologies. In many 

ways the interviews build on top of each other in that a postulation in one interview can be challenged in a 

subsequent interview. This intentional decision arguably helps surfacing additional perspectives that contribute 

to an empirical snowball effect. Nonetheless, because of the chosen research approach, the thesis cannot claim 

absence of bias. Additionally, the authors of this study are what some would call ‘tech enthusiasts’ and thereby 

fascinated by the workings of emerging technologies to a degree that implies risk of being over impressed by 

these technologies and overestimating their impact in the short term. To counter this bias, the thesis has at 

every stage of the investigation drawn on critical training in International Business and Politics to ensure an 

objective and sound view on emerging technologies. 

 

In considering the 4IR, the paper focuses on a number of technologies (table 10). It is recognized that more 

technologies could have been included in the study, yet, the thesis argues that the inclusion of 8 different 4IR 

technologies is sufficient in illustrating how the 4IR is best understood as the convergence of different 

technologies. Finally, although this thesis is dedicated to challenging the GVC theory, the thesis does not 

propose a revised forward-looking GVC framework. Rather, it joins the growing pool of academia promoting 

a stronger appreciation of technology in GVC theory and adds to this debate by elaborating on how converging 

technologies drive the need for a theoretical turn in the literature. Future studies must pick up this mantle and 

continue the work in refining the GVC theory to account for technological change.   
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2. Literature Review 
This part of the thesis develops a theoretical understanding of how to comprehend the impact of the 4IR on 

the organization of global economic activity and associated implications for development. Ponte and Sturgeon 

(2014, p. 199) argue that an all-encompassing theory explaining the global economy is wishful thinking given 

its contingent and complex nature. Abandonment of theory, however, is not the answer. Instead, a modular 

approach of discrete theoretical areas that explain partially the global economy and careful consideration of 

complementarities between such theories have great utility (Ponte & Sturgeon, 2014). Drawing on this idea, 

this part reviews the GVC literature’s technological assumptions and brings in complementing theoretical ideas 

to bolster the GVC theory. Consequently, these chapters answer the first sub research question regarding how 

the GVC theory explain technological change. Over the course of this and following chapters, the thesis will 

gradually articulate first GVC theory’s lack of technological appreciation and subsequently how modules 

based on technological literatures complement GVC theory. This part of the thesis closes by proposing a set 

of complementary and linked theoretical modules that will guide the thesis’ inquiry into the implications of 

the 4IR for both global organization and development. 

 

Technological change in GVC literature 

To understand how technology and technological change is and has been treated within the GVC literature, 

the chapter follows a chronological logic and begins by assessing the role of technology in the forerunner of 

GVC theory: global commodity chain (GCC) theory. This is warranted to highlight not only that the 

technological assumptions of the GCC framework continue in the GVC theory, but also to make clear the ways 

in which GVC breaks with the World-Systems origin of GCC (Gibbon, Bair, & Ponte, 2008, p. 316). With 

GVC theory’s theoretical heritage in place, the chapter continues evaluating the technological assumptions of 

the literature. In particular, the chapter considers how recent developments within the GVC research agenda 

deal with external chain factors in order to assess whether new contributions offer explanation of how to better 

incorporate the role of technology. The chapter ends by highlighting that the GVC literature does not fully 

embrace technology as an independent explanatory factor and thus there is a dent in the literature. Furthermore, 

the chapter finds that technological progress is largely framed in terms of information and communication 

technology (ICT). Throughout the review, the thesis utilizes the modular approach suggested by Ponte and 

Sturgeon (2014) and introduces complementing theories to highlight key elements of the GVC framework. 

 

The Theoretical Heritage of Global Value Chains: Global Commodity Chains 

Gereffi (1999a) argues that economic activity is both international and global in nature. It is international as it 

takes place across national borders and global as geographically spread economic activities are functionally 

integrated because of transnational corporations’ (TNCs) vertical integration (Gereffi, 2005). The GCC 

framework (Gereffi & Korzeniewicz, 1994) provides an analytical starting point for analysing international 
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and global networks of economic activity. In particular, the idea of commodity chains refers to the range of 

activities involved in designing, producing and marketing a product (Gereffi, 1999a, p. 1) and considers how 

these activities are spread across different geographies. A central GCC theme is how international economic 

networks can be driven by global buyers or global producers (Gereffi, 1994). This has given rise to the idea 

of buyer- and producer-driven chains denominating, respectively, industries dominated by either transnational 

manufacturers playing a central coordinating role in their networks or large retailers, typically located in the 

Western hemisphere, that have set up decentralized production networks in less developed countries (Gereffi, 

1999b, pp. 41–42). The GCC approach emphasises how TNCs can exercise power and authority in global 

production systems and thereby determine the distribution of rents among chain participants (Bair, 2008, p. 

353; Gereffi, 2005, p. 168). 

 

GCC theory has its theoretical roots in World-Systems theory and emphasises that a core-periphery 

organization of the global capitalist economy is being reproduced through commodity chains (Bair, 2005, p. 

155). However, GCC analysis breaks with that prescribed by its ancestor in its concern for how global 

industries are organized and how countries’ development prospects are shaped by participation in GCCs (Bair, 

2005, p. 157). In World-Systems theory it is not relevant to discuss national nor regional development, instead 

the relevant discussion is that of a hierarchically-structured global capitalist economy (Bair, 2005, p. 157). In 

spite of the differences between the two theoretical frameworks, it is however important to emphasise the 

theoretical links between them as their theoretical congeniality sets the GCC approach apart from the more 

contemporary GVC theory. Consequently, GCC and GVC theory have different objects of analysis which in 

turns informs different perspectives on relevant factors to include in discussions on chain organization, 

governance and development. 

 

Governance, Upgrading and the Role of Technology 

It is against the background of GCCs that the GVC approach was developed as a theory of how industrial 

organization influences firms and countries in the global economy. Like the GCC literature, the starting point 

of the GVC literature is the two trends of internationalization and globalization (Gereffi, Humphrey, & 

Sturgeon, 2005). Yet, while the GCC literature is anchored in World-Systems theory and a concern for the 

network of labour and production processes leading to a finished commodity, the GVC approach is firm-

centred and focusses on the ways in which value, as the most inclusive concept of chain activities and end 

products, is created (Gereffi, Humphrey, Kaplinsky, & Sturgeon, 2001; Gibbon et al., 2008, p. 316; Ponte & 

Sturgeon, 2014, p. 202). Expanding the GCC idea of TNCs driving chains, GVC theory explicitly 

acknowledges that there are multiple network forms through which firms may influence production and 

distribution (Gereffi et al., 2005, p. 82). The GVC literature thus offers a more complete typology for industrial 

global organization and in particular for GVC governance defined as a “ […] coordination mechanism that 
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facilitates exchange between two particular links in the chain” (Bair, 2008, p. 353). The GVC literature 

identifies 5 forms of chain governance determined by complexity of inter-firm transactions, codifiability of 

information and thereby the ability to reduce complexity and finally capabilities in the supply base (Gereffi et 

al., 2005, p. 87). 
Table 5. The Five Modes of Governance, Authors’ own 

 
The governance theory of GVCs largely subscribes to the view of technology held in transaction costs 

economics (TCE) associated with Williamson (1975, 1979). It is the nature of transactions and not the 

technology that governs and determines the efficacy of exchanges by either market exchange or internal 

hierarchy (Williamson, 1975, p. 248). This TCE view on technology stands in contrast to e.g. Strange and 

Zucchella (2017) who argues that 4IR technologies such Internet of Things, Robotics, Big Data & Analytics 

and Additive manufacturing will have a significant positive effect on production and distribution efficiencies 

in their application in GVCs. The governance typology merely recognizes technology as a mediating factor 

that may “[…] restart the clock on the process of codification” (Gereffi et al., 2005, p. 96) due to ICT’s ability 

to reduce e.g. the complexity of information. Furthermore, it is recognized that the introduction of new 

technologies may diminish the competencies of the supply base which in turn cause a drift from market 

governance towards hierarchy. The drift occurs as low technological capabilities of the supply base render it 

unable to implement novel technologies (Gereffi et al., 2005, p. 96). This view on technology implies that lead 

firms dictate, through technological specification, inclusion and exclusion of the chain, yet, it neglects the 

systemic transformative power of technology in and of itself (Gereffi et al., 2005, p. 96). Governance theory 

of GVCs does not consider technological change as an external factor that may fundamentally change the 

borders of global industries as has been argued by Greenberg, Hirt and Smit (2017). Instead, technological 

change is largely seen to play within the boundaries of GVCs and thus shifting modes of governance instead 

of altering the chain itself. It is important to recognize that the literature acknowledges that ICT has played a 
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big role in establishing GVCs as it was advances within ICT that allowed TNCs to slice up their value chain 

and engage in vertical integration (Baldwin, 2014; Cattaneo, Gereffi, Miroudot, & Taglioni, 2013, p. 3; Gereffi 

et al., 2005). However, besides facilitating vertical integration, the role of technology in respect to global 

organization has taken the backseat in theoretical discussions. 

 

A Framework for Development 
The GVC framework, in spite of its limited view on technology, has been influential in development 

discussions. Like GCC theory, the GVC framework discusses development in terms of inclusion, exclusion 

and upgrading (Bair, 2005, p. 165). Recent contributions e.g. Lutz (2012) discusses the conditions under which 

smallholders of developing countries may join GVCs to reduce poverty and achieve economic development. 

Similarly, Del Prete, Giovannetti and Marvasi (2017), based on China’s ability to become a major player in 

world trade through GVC participation, suggest that policies enabling developing country firms to link up with 

GVCs will have positive consequences for economic development and growth. Unlike the contributions that 

advocate for participation as the road to development, Bernhardt and Pollak (2016) finds that economic 

upgrading through participation is no guarantee. The unfulfilled development promise of participation has 

refined the development agenda to consider the conditions under which participation contributes to economic 

and social development (Gereffi, 2014). The upgrading concept is key in this debate. 

 

Humphrey and Schmitz (2002) identify four types of upgrading that enables workers, firms and nations to 

move from low-value adding activities to high value adding activities i.e. economic upgrading (Gereffi, 2005, 

p. 171). 
Table 6. Four Types of Economic Upgrading, Authors’ own 

 
Besides enabling development, upgrading is also perceived as “[…] the best long-term strategy for preserving 

a country’s participation in GVCs.” (Cattaneo et al., 2013, p. 29). 

 

As a concept, upgrading is closely connected to economic development, yet, concerns about the implied 

general mode of development are many (Schrank, 2004). It is often assumed that economic upgrading 
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translates into social upgrading defined as “[…] the process of improvement in the rights and entitlements of 

workers as social actors, which enhances the quality of their employment” (Barrientos, Gereffi, & Rossi, 2011, 

p. 324). Yet, the links between economic and social upgrading are complex and if economic progress takes 

place by undermining employee’s rights, the opposite of social upgrading, i.e. social downgrading, takes place 

where the workers are worse off than before the economic upgrading (Barrientos et al., 2011, p. 325). 

Similarly, it can be argued that if economic upgrading takes place without creating jobs or in a job destroying 

way, workers are equally worse of. Even if job destroying economic upgrading does in fact increase the quality 

of employment in remaining jobs, the majority of people are still worse off. 

 

Empirically, some countries, participating in GVCs, have experienced declines in their relative income shares 

(Kaplinsky, 2000) which implies a negative direction of economic and social progress. Similarly, Dussel Peters 

(2008, p. 15) argues that upgrading have limited aggregated and wider territorial effects and thus there is no 

guarantee that economic upgrading will have wider social upgrading effects. Gibbon and Ponte (2005), in 

addressing the uneven and marginalizing effects of GVC participation, argue that although upgrading 

opportunities may be present in GVCs, the benefits may be low and often unpredictable. In fact, the lack of 

appropriate interventions supporting firms in complying and living up to global standards e.g. lead time, quality 

etc. have led to African countries trading down in response to economic globalization. Schrank (2004) argues 

that such downgrading trajectories occur in countries joining GVCs when upgrading efforts of individual firms 

ultimately end up increasing competition which in turn undermines the underpinnings of the development 

sectors. Synthesising the debate on both upgrading and downgrading, Pipkin and Fuentes (2017) finds that 

scepticism regarding the development potential of GVC participation and upgrading is warranted and without 

sufficient state capacity, upgrading efforts takes the form of treadmilling i.e. upgrading without real benefits. 

 

The debate of upgrading and social downgrading highlight that the gains of GVC participation have been at 

best uneven. Thus, the main development challenge through GVC participation is how to move from low value 

adding activities to high value adding activities (Gereffi, 2014, p. 18; Ravenhill, 2014) while avoiding the 

commodification trap i.e. being stuck in low-value adding activities (Dussel Peters, 2008, p. 14) and 

downgrading. The distinction between and distribution of low and high-value adding activities has traditionally 

been described through the smiling curve by former Acer CEO Stan Shih (1996), who originally formulated it 

as a business tool for understanding Acer’s position in the electronics industry. According to Shih (1996), 

every industry has a smiling curve describing value added in its upstream, middle and downstream activities: 

“Assembly means you are making money from manual labor. In components and marketing, you add value 

with your brains." (Shih in Bartlett & Ghosal, 2000). In this thesis, these different pillars of the smile curve 

will be defined as the pre-production, production and post-production pillars of a GVC. Policy-makers and 
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GVC researchers have repurposed the idea to understand countries and regions’ upgrading efforts as a puzzle 

of how to climb the curve while ensuring that each step up constitutes a sustainable position. 

 
Figure 4. The Smiling Curve (Authors’ own inspired by Shih, 1996) 

 
 

Agency in GVCs  
Lee and Gereffi (2015, p. 322) argue that upgrading is constrained by governance. This echoes Humphrey and 

Schmitz’ idea (2002, p. 1023) that upgrading trajectories by insertion into GVCs are shaped by the nature of 

how participants relate to each other. However, the constraining relationship between governance and 

upgrading is arguably too deterministic in the sense that the emphasis on the mechanisms of the chain 

overshadows the agency of individual participants in the chain (Morrison, Pietrobelli, & Rabellotti, 2008). 

Following the logic of theoretical modularity (Ponte & Sturgeon, 2014) the theory of Technological 

Capabilities (TC) helps articulate agency in a GVC development context. Drawing on TC theory, it is argued 

that although governance in the form of power asymmetries may prevent chain participants from venturing up 

certain upgrading trajectories, the technological efforts by and the absorption capabilities of individual firms 

play a large role in the development of technological capabilities and the ability to upgrade (Morrison et al., 

2008). Furthermore, GVCs theory’s development imperative of “climbing the value chain” similarly reroutes 

attention away from same-stage deepening of technological capabilities (Morrison et al., 2008, p. 49). 

Contrasting GVC theory with TC theory demonstrates that GVC theory in itself offers a rather simplistic view 

of how technology influences agents in GVCs. Yet, within the TC approach, technology plays out within the 

boundaries of the firm through processes of learning and absorption and thereby the TC approach brings little 

appreciation for how technological change may influence the chain as a whole.  
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Albeit, TC only brings in a micro perspective on technological change, it highlights that upgrading and 

participation in GVCs are matters of agency. This is an important contribution to the development debate 

where macro-level regional development studies have traditionally dealt with endogenous factors and state-

centric determinants of development (Henderson, Dicken, Hess, Coe, & Yeung, 2002). Evan’s (1995) idea of 

embedded autonomy and Whitfield and Buur’s (2014) elaboration on the developmental state concept 

alongside Acemoglu and Robinson’s (2012) focus on the right institutions for development are all prominent 

contributions in the development debate that lack an appreciation for the enabling role of individual firms and 

institutions in attracting global lead firms that can act as strategic partners in development (Yeung, 2009). As 

emphasised above, development in GVC theory takes place through joining and moving up GVCs. These 

strategic movements allow less-developed countries to access knowledge of global lead firms and benefits 

from spill over effects that in turn enables climbing the development ladder. Yet, these manoeuvres are not 

natural, instead they take place through “[…] a mutually dependent and constitutive process involving shared 

interests and cooperation between two or more groups of actors who otherwise might not act in tandem for a 

common strategic objective” (Yeung, 2009, p. 332). 

 

This idea of strategic coupling emphasises that development is enabled by strategic agency and thereby not 

natural. Key for strategic coupling to take place is alignment of interests across borders and thus, the concept 

breaks free of the traditional internal state-centric view held in the development literature. The interest 

dimension adds a dynamic component to the development analysis as it directs attention towards bargaining 

and the underlying assets that determine bargaining positions (Yeung, 2015, p. 6). Arguably, the concept of 

strategic coupling, with its dynamic approach to agency and bargaining, bridges the development and GVC 

literatures as it provides an avenue for discussing the circumstances under which development take place. 

Where the theory of TC is unique in its focus on the capabilities of the firm, the strategic coupling concept 

adds to this by bringing in interest and by showing that the country participation and upgrading in GVCs is 

determined by the possession of assets that attract lead firms. The strategic coupling concept illuminates the 

important dynamic process of GVC participation and provides a case for the prerequisites of GVC joining and 

upgrading. Yet, the concept falls short of considering the GVC as a whole and thereby it does not consider 

potential effects of a shift in the technological landscape. 

 

Arguably, GVC theory’s failure to consider the chain as a whole can be traced back to its GCC conception. As 

hinted above, the GCC literature shares theoretical assumptions with the World-Systems theory. Consequently, 

it is argued that while the object of analysis in GCC theory is the organizational field of the chain (Bair, 2008, 

pp. 348, 351), the object of analysis in GVC theory is governance. This shift in the literature from the entire 

organizational field of the chain to the narrow concern with how exchanges are coordinated between individual 
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links in the chain has deliberately bracketed the influence of broader institutional and regulatory environmental 

factors (Bair, 2008, p. 354). 

“While there are a multitude of factors that affect the evolution of the global economy, 

we feel confident that the variables internal to our model influence the shape and 

governance of global value chains in important ways, regardless of the institutional 

context within which they are situated.” (Gereffi et al., 2005, p. 99) 

However, the above review of upgrading, development and the role of technology in the GVC literature reveals 

that GVC theory’s concern with variables “internal” to the model has rendered it unable to fully consider the 

role of technology. 

 

Going Outside the Chain 

The view on the chain in the considered literature thus far has been predominantly internal (with the noticeable 

exceptions of Henderson et al. (2002) and Yeung (2009). GVC analysis is primarily concerned with how inter-

firm relations are shaped by internal logics of sectors (Bair, 2005, p. 164). In line with this internal focus, the 

mechanisms considered relevant in the GVC literature are those that operate largely within chains. What is 

arguably missing in the GVC literature is an external perspective on the chain. Bair (2005) qualifies this call 

for an appreciation of factors external to the chain by arguing that though factors are situated outside the chain, 

they are not exterior to it. Instead, they are arguably constitutive to the chain in ways that are critical for 

understanding social and development consequences (Bair, 2005, pp. 167–168). An external perspective would 

enable researchers to investigate how the chain as a whole is influenced by radical technological progress 

promised in the 4IR. Consequently, this thesis subscribes to Bair’s (2005) view on the chain and seeks to use 

this in bringing in the role of technology. Recent contributions to the GVC research agenda has started to sway 

outside the chain and consider the impact of external determinants of governance, upgrading and development 

(Haakonsson, 2009; Ponte, 2014; Ponte, Kelling, Jespersen, & Kruijssen, 2014b, 2014a; Ponte & Sturgeon, 

2014). 

 

Ponte et. al (2014a, 2014b) argue that it is not governance that determines upgrading trajectories. Instead, it is 

the type of lead firm, the level of drivenness and the domestic institutional context of the chain. The influence 

of broader institutional frameworks within which GVCs operates show that factors external to the chain hold 

great explanatory power when it comes to development through GVCs. Similarly, Haakonson (2009) argues 

that institutional frameworks define the boundaries within which lead firms can drive GVCs. Ponte (2014) 

bridges the idea of influential factors external to the chain with GVC theory’s traditional focus on governance 

by introducing the concept of multipolarity, which describes how governance is “[…] shaped by the explicit 

strategic actions of powerful actors (both inside and outside the chain)” (Ponte, 2014, p. 359). The concept of 

multipolarity highlights that governance is not only a top-down phenomenon driven a powerful actor in a key 
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node along the value chain. Instead, GVCs may be driven by actors across the value chain such as providers 

of technologies, trading companies and indirect players like NGOs (Ponte, 2014, p. 370). 

 

The theoretical sway of bringing in arguments about factors external to the chain supports Ponte and Sturgeon’s 

(2014) modular approach to GVC theory. In their attempt to modularize the GVC framework, they distinguish 

between three theoretical levels. The micro-level deals with the governance of individual value chain nodes 

i.e. how interactions between two GVC participants are governed. Secondly, the meso-level deals with 

transmission mechanisms of micro-level governance patterns between different nodes and parts of the chain. 

Finally, it is argued that an appreciation of the macro-level e.g. regulation and institutions etc. gives a more 

complete picture of GVC governance as its puts micro and meso level determinants into perspective. This view 

opens up for considering how technological changes in the macro economic environment may influence lower 

level determinants of governance and thereby the concepts of upgrading and development. However, Ponte 

and Sturgeon (2014) stops short of bringing in theories of technological change. 

 

The efficacy of the modularization of GVC theory and the inclusion of macro-level determinants of 

governance, upgrading and development is echoed in Yeung and Coe’s (2014) contribution on Global 

Production Networks (GPN). Here it is argued, that existing GVC-GPN debates has focused on industry level 

generalizations, but that the time is now ripe for theoretical innovations and inclusion of competitive dynamics, 

i.e. “(…) the independent variables driving firm strategies (…)” (Yeung & Coe, 2014, p. 32) into the debate 

and thereby provide a more powerful model for explaining development disparities within and between 

countries. The promise of the 4IR transcends industries (Greenberg et al., 2017). Thus, considering dynamic 

structural factors located outside the chain provides a stronger analytical starting point for the impact of 

technological change on development trajectories of developing countries. In Yeung’s (2009) attempt to bridge 

regional development literature and the theory of GPN, it is argued that firm strategies are influenced by the 

competitive dynamics of cost, flexibility and speed which in turn have given rise to firm level spatial, 

organizational and technological fixes on a global level. In particular, technological fixes is seen as merely 

adopting ICT to improve organizational flexibility and time-to-market (Yeung, 2009, p. 331). Here, again, 

technology is perceived as a means to adapt to competitive dynamics and not as a competitive dynamic in 

itself. Thereby, the dynamic theoretical innovation by Yeung and Coe (2014) does not consider technology as 

an independent variable, instead, the traditional GVC assumption of technology as a means operating within 

the chain is maintained. Consequently, while GPN theory (Yeung & Coe, 2014) demonstrates the explanatory 

power of external structural variables, the role of technology as a structuring mechanism remains unexplored. 
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Recent Contributions on the Role of Technology 

Laplume, Petersen and Pearce (2016) discuss technology and its impact on GVCs in a broader context. 

Investigating three-dimensional printing (3DP) they argue the technology holds the potential to reshape the 

geographical span and density of GVCs. Furthermore, they argue that emerging technologies will have an 

uneven impact across manufacturing industries. In the case of 3DP, they argue, sectors that are centred around 

products made of natural materials or industries that extracts raw materials simply do not lend themselves to 

3DP technology because it is not possible to print the base materials. Consequently, such GVCs will not see 

the same disruption as sectors more welcoming to 3DP applications like manufacture of machinery or 

equipment, automobiles production, simple plastic product etc. (Laplume et al., 2016, p. 598). Other studies 

(Kuruczleki, Pelle, Laczi, & Fekete, 2016; Marjanovic, Lalic, Delić, & Tasic, 2017; McKinsey Global 

Institute, 2018) similarly argue that the impact of the 4IR is likely to be uneven and move at different speeds 

across both regions, countries, industries, sectors and firms. Interesting questions are raised here highlighting 

the novelty of this research area within the GVC literature. Questions of to what extent the diffusion of 

emerging technologies translates into changing GVC configurations and what industry characteristics 

determine how ‘protected’ a chain is against the influence of emerging technologies however, remain 

unexplored (Laplume et al., 2016). They do not provide any framework to go about investigating these matters 

and suffice calling for attention to this research area. 

 

Rehnberg and Ponte (2018) take a step further and investigate the likely impact of 3DP in terms of two 

scenarios. The first scenario is 3DP working as a complement to current production processes. In this scenario, 

3DP is applied for rapid prototyping which gives more power to those knowledgeable of the needs of end-

customers and thus deepen the smiling curve. In the second scenario, 3DP works as a substitute which reduces 

the need for low-skilled labour as automation of the low-value added activities are proliferated in turn pushing 

the smiling curve upwards (Rehnberg & Ponte, 2018, p. 17). However, Rehnberg and Ponte (2018) does not 

consider the potential development impact of either scenario, although, a potential elimination of GVC nodes 

implies fewer opportunities for developing countries to enter GVCs. Furthermore, an upward shift along the 

chain implies that joining and upgrading become more difficult as the traditional sequential upgrading path 

from low-value adding to high-value adding activities is eliminated. 

 

Foster, Graham, Mann, Waema, & Friederici (2018) discuss how digital connectivity have influenced the 

governance of GVCs in East Africa and thereby adds to Rehnberg and Ponte’s research agenda by bringing in 

the development issue. Weighing both benefits and exclusionary aspect of digital connectivity, Foster et al. 

(2018) argue that although African firms have increased productivity due to increased connectivity, this is 

merely due to thin integration. Consequently, African firms are treadmilling instead of upgrading and thereby 

the integration does not challenge the status quo or allow for economic transformation (Foster et al., 2018). 
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The potential devastating effects of new technologies are thus recognized, yet, a better incorporation of “The 

Digital” in GVC and GPN theory remains to be established (Foster & Graham, 2017). Frederick et al. (2017) 

argues that 4IR technologies have begun to alter existing GVC dynamics. In particular, they emphasise how 

new technologies could change the distribution of value added and power in GVCs and how automation 

technologies may potentially cause a geographical reorganization (Frederick et al., 2017, pp. 1–9). Yet, what 

is arguably missing from the analysis is the extent to which the technological change beckons theoretical 

alteration and in turn what implications that have for developing countries. 

 

The Current State of the Literature 

Table 7 summarizes the development of the GCC-GVC-GPN literature with respect to five key themes: View 

on the Chain, Upgrading, Technology, Development and Key Topics. 
Table 7. Generations of GVC-GPN Theory, Authors’ own 

 
Recent contributions, in particular those denominated as 3rd generation, break with the internal view on the 

chain that has otherwise been dominant. As a consequence, these recent additions, while building on the logic 



 36 
 

of previous contributions, are much better equipped in dealing with new technologies and progresses towards 

embracing technology as an external variable in GVCs. Yet, the GVC literature is still in its infancy with 

regards to fully embracing technological change. In their investigation of 3DP, Rehnberg & Ponte (2018) move 

away from the traditional focus on ICT but maintain a narrow understanding of technology by leaving out AI, 

robotics, IoT and other technologies of the 4IR. Frederick et al. (2017) begin the wider consideration of the 

joint impact of new technologies, however, do not couple this discussion with broader GVC theoretical and 

development implications. Consequently, this thesis finds that there is a gap in the GVC literature when it 

comes to broader possibilities of economic and social upgrading in an era of converging technologies 

(Scalabre, 2016). Foster et al. (2018) consider the development impact of increased connectivity, but stop short 

of considering technologies beyond ICT. Thus, little recent GVC analysis explicitly considers the interplay of 

technological change and development. Similarly, although there is a plethora of studies discussing how new 

technologies have uneven impacts across nations and industries, these do not consider the implications for 

development. The sum of the identified shortcomings of the GVC literature at its current stage is that the 

literature as a whole is poorly equipped to address potential reorganization and disruption of GVCs. Across 

central themes in the GVC literature the role of technology remains underexplored. 
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3. Building Theory: A Technological Complement 
Through modular theory building this chapter remedies the technological blind spot in the GVC literature. 

Ponte and Sturgeon (2014, pp. 213–214) suggest that GVC insights originating at micro and meso levels 

ultimately are embedded in a macro-level framework and that these insights are prerequisites for making sense 

of macro-level determinants. This line of reasoning in modular theory building allows for introducing 

theoretical modules into the GVC framework that in turn put into perspective explanations of GVC 

organization, governance and development. This chapter presents theories of technological change and builds 

a technological modular complement to GVC theory. Such a module allows for a greater understanding of how 

the 4IR will influence the organization of GVCs and thereby it also contributes to a more nuanced view on 

development going beyond GVC discussions of participation and upgrading. 

 

Bringing in the role of technology to the GVC analysis bridges the in chapter 2 identified gap in the GVC 

literature that has become apparent in light of foreshadowed technological change. To develop the module of 

technological change, this chapter presents and discusses Dosi’s (1982) theory of technological paradigms and 

Perez’s (2010) elaboration on techno-economic paradigms and technological revolutions. 

 

Technological revolutions, paradigms and trajectories 
According to Teece (2008), Dosi (1982) provides one of the seminal papers within innovation studies. Based 

on Kuhn (1962), Dosi (1982) proposes a new definition of technology. Technology is not the means by which 

one moves a production possibilities curve, i.e. expands the number of producible goods as it is defined in neo-

classic approaches (Teece, 2008, p. 508). Instead technology is a set of pieces of knowledge both directly 

“practical” in that knowledge is related to concrete problems and devices and “theoretical” (but practically 

applicable without necessarily being applied) knowhow, methods, procedures, experience of successes and 

failures and also physical devices and equipment. By defining technology in terms of knowledge, Dosi 

discusses the idea of technological paradigms which he extrapolates from the Kuhnian idea of ‘Scientific 

Paradigms’. He conceptualizes technological paradigms as behavioural structures that set the parameters 

within which ‘normal problem-solving’ activity takes place (Dosi, 1982, p. 152; Teece, 2008, p. 509). It 

implies a specific process by which actors implicitly agree on the where to focus R&D resources and therefore 

serves as an ‘outlook’ defining relevant problems (Dosi, 1982, p. 152). 

 

Dosi’s understanding of a technological paradigm emphasises the ‘direction’ of technological progress. This 

‘Technological Trajectory’ (Dosi, 1982, p. 152) is the pattern of normal problem solving activity. In the 

beginning of an innovation process, changes generally occur slowly while producers, designers, distributors 

and consumers engage in feedback learning processes (Perez, 2010, p. 186). Once market actors decide in 

cohort on a technological trajectory, it has a strong ‘exclusion effect’ which makes it very hard to switch from 
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one trajectory to an alternative one. According to this understanding of technological trajectories, established 

trajectories will not be abandoned until stark anomalies occur with respect to the utility of pursuing further 

development guided by the decisions of the past (Teece, 2008, p. 510). Here Dosi alludes to an investigation 

of revolutionary technological innovations that end up shattering a technological paradigm – i.e. a 

technological revolution. Yet, Dosi does not provide an elaboration to deal adequately with the fall of one 

paradigm and the rise of another. Furthermore, it is unclear whether Dosi’s framework operates on a firm or 

on industry level (Teece, 2008, p. 510) and the framework does not expansively deal with wider socio-

economic consequences of radical technological progress - an element which is absolutely central for the aim 

of this thesis. The thesis therefore turns to Perez (2010) who elaborates on these missing elements within 

Dosi’s framework. 

 

From Installation to Deployment 
Perez (2010) discusses technological revolutions and includes a consideration of the wider socio-economic 

institutional shifts that come with technological change. When doing this, she presents the ‘techno-economic 

paradigm’ as an expansion on Dosi’s original concept (Perez, 2010, p. 186). The framework’s aim of 

elaborating on the relationship between technology and economic change is exactly the link this thesis needs 

to present a connection between changes in GVCs and technological change and furthermore help with 

conceptualizing the 4IR. At the core of Perez’s framework is the recognition that the concept of ‘innovation’ 

needs to be separated from the idea of ‘invention’ (Perez, 2010, p. 186). Innovation, Perez argues, is the process 

of commercializing an invention. Many things could be invented with the technological capabilities available 

today, but from a societal standpoint, the real area of interest is the space in which inventions make economic 

sense and are ripe for commercialization. The innovation process is shaped by relative prices, institutional 

factors such as regulation and the markets’ perception of the potential of the innovations concerned (Perez, 

2010, p. 186). In the same vein as Dosi’s understanding of a technological paradigm, Perez (2010, p. 187) 

argues that it is when these factors converge, combined with economic agents agreeing on a technological 

trajectory, that a techno-economic paradigm emerges. It is this phenomenon that creates the space within which 

an analysis of technological change should be conducted.  

 

Moving to a discussion of technological revolutions, Perez (2010, p. 188) first introduces the Schumpeterian 

idea of a ‘technological cluster’ which describes the process by which one innovation often spur other 

innovations as a breakthrough technology often requires both upstream and downstream innovations. Thus, 

radical innovations have the capacity to stimulate whole industries (Perez, 2010, p. 188). A technological 

revolution happens when technological clusters become interconnected with each other. In turn, a 

technological revolution is defined as a set of interrelated radical breakthroughs, forming a new major 
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constellation of interdependent technologies i.e. a cluster of clusters (Perez, 2010, p. 189). Before a 

technological revolution can indeed be called as such, it needs to have two basic features (Perez, 2010, p. 189): 

• First, strong interconnectedness and interdependence of the participating systems in their technologies 

and markets. 

• Second, the clusters of clusters need to encompass the capacity to transform profoundly the rest of the 

economy and society. 

Such technological, economic and societal upheaval happens over the course of several decades in certain 

phases. Through her research, Perez (2003) has identified three distinct events happening over the lifetime of 

a technological revolution. The first phase, the installation phase, is a period of around 20 to 30 years where 

the old techno-economic paradigm ‘battles’ the new. This is a period characterized by euphoria about the new 

technologies and their advancement is mainly facilitated by short-term motivations of financial capital. The 

euphoria keeps intensifying towards the later part of the phase culminating in the creation and collapse of a 

major technology related bubble (Perez, 2003). This marks the end of the first phase of the technological surge. 
Figure 5. Phases of a Technological Revolution, Authors’ own adapted from Perez (2002) 

 
After the dust of the Turning Point settles, the second phase of the technological surge begins – the deployment 

phase. Here the technologies invented and matured in the first phase find their use-cases in the economy and 

they create actual prosperity for more and more sections of the broader society (Perez, 2003). Growth is still 

increasing, however in a more stable and balanced way than in the run-up to the turning point. This is the 

‘golden age’ because it is associated with oligopolistic trends, greater levels of employment, increasing 

productivity and rising standards of living. Towards the end of the deployment phase, as the companies and 

technologies of the phase reach maturity, stagnating growth in products, markets and profits create the 

conditions for social and political unrest alongside facilitating a migration of markets and production to the 

periphery markets (Perez, 2003, pp. 12–13). This creates an environment where economic agents search for a 
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new generation of technologies to spur a new technological revolution and a new techno-economic paradigm 

(Perez, 2003). 

 

Technological Revolutions and Development 
Technological paradigms and technological revolutions entail inclusion and exclusion mechanisms that this 

thesis argues should be at the centre of the discussion when formulating development policies (Perez, 2010, p. 

199). This is due to Perez’s (2003) observation that for developing countries, “Development opportunities are 

a moving target” meaning that the ways to conduct successful development appear and change as 

technological revolutions are installed and deployed (Perez, 2003, p. 1). While technological revolutions create 

major shifts in the direction of technological change, they also provide the means for modernizing most 

activities at the cost of abandoning previously accumulated managerial skills and part of the previous 

equipment with its associated expertise (Perez, 2003, p. 5). Viewing technologies in a positive development 

light, Perez (2003, p. 6) argues that they provide entirely fresh opportunities for learning and catching up. This 

is because a change in paradigm changes the technological and managerial ‘common sense’ of organizations. 

 

Perez (2003, p. 12) exemplifies the common sense dynamic through a change from the 2nd industrial revolution 

(the age of mass production) to the 3rd industrial revolution (the age of information technology) (see figure 6) 

in the parameters: Inputs and Values, Products and Markets, Operation, Structures, and Personnel. An in-

depth analysis of these parameters gives interesting strategic insights for developing countries who can position 

themselves to take advantage of them. Furthermore, they provide a framework that highlights how concrete 

dynamics of society changes as a new techno-economic paradigm emerges. 
Figure 6. A Change of Paradigms (Perez, 2003) 
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The emergence of a new techno-economic paradigm creates a period where the technological trajectory of the 

previous paradigm no longer constitutes the optimal path when formulating policies and strategies that utilize 

the technological context to the optimal degree. The transition from one techno-economic paradigm to another 

presents an opportunity for developing countries to break with underdevelopment in the face of technological 

advancement. They are, however aiming at a moving target as the above dynamics are changed by technology 

advancements in the developing world. This argument is built on the assumptions of dependency theory (Perez, 

2003, p. 13) and plays into the previously outlined discussion about core-periphery. Leaving that aside, the 

window of opportunity for developing countries is about 20 years where the old technologies co-exist with the 

new and it is during this period they should seize the opportunities presented to them in the new paradigm 

(Perez, 2003, p. 13). With this last development focus on the techno-economic paradigm in place, this thesis 

needs to present one last tool to understand the rationale of the actors making decisions within paradigms. 

Here Wu, Wan & Levinthal’s (2014) concept of complementary assets constitutes the last pierce of the puzzle 

within this technology-focused chapter of the thesis. 

 

The Prisms and Pipes of Technological Trajectories 
To highlight the dynamic by which actors choose their technological trajectory and what forces make them 

maintain their course in the face of radical developments, this thesis borrows from Wu et al.’s (2014) 

understanding of complementary assets as ‘prisms’ and ‘pipes’. The most recognized definition of 

complementary assets actually comes from Teece (1986) who define it as a tangible good, IP property, and/or 

service, perceivable by customers, competitors, and partners alike and as the building blocks of successful 

commercialization of an invention. Organizations let their complementary assets influence the direction of 

R&D spending (Wu et al., 2014, p. 1260). They do this in two ways: as ‘prisms’ where the constellation of 

assets makes a firm look upon the market in a specific way that will lead it to direct R&D spending towards a 

certain goal; and as ‘pipes’ that protect a firm from technological disruption because the complementary assets 

provide value to a perhaps inferior core technology to make it perform better still (Wu et al., 2014, p. 1261). 

Consequently, firms make decisions based on their organizational dispositions which lessens the willingness 

to conduct radical innovation that reduce the value of complementary assets. Radical change is here understood 

as a change that disrupts the relation between a firm’s set of complementary assets. The firm therefore will 

embark on a trajectory in a way that could be described as ‘technological path dependence’ (Wu et al., 2014, 

p. 1270). Even though Wu et. al.’s analysis aims at investigating the competitive dynamics between an entry 

firm and an incumbent firm competing on technological innovations, the thesis argues that the dynamics shown 

here can provide a solid addition to the understanding of what incentivises firms to choose and maintain 

technological trajectories in general. In short, trajectory choices are constrained by the prisms and pipes 

through which firms see the market. As has been highlighted in chapter 2, Yeung (2015) argues that the 

dynamics of strategic coupling depend, among other things, on the regional assets of a country. Combining 
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this insight with the idea of complementary assets as prisms and pipes opens a line of inquiry where strategic 

coupling efforts of countries and regions are equally constrained by their underlying assets. Thereby, just as a 

firm’s R&D spending may take place along a technological trajectory, a country or region’s development 

efforts may be path-dependent following a certain technological trajectory. 

 

Complementing the GVC Literature 
Together, ideas about technological paradigms and trajectories combined with technological revolutions and 

techno-economic paradigms are strong theoretical concepts that underpin this thesis’ investigation of the 4IR’s 

impact on GVCs. Technological paradigms bring an understanding of the technologically determined 

boundaries within which problem-solving takes place while the concept of technological trajectories gives 

insights into the direction of technological innovation. Wu et. al.’s analysis of complementary assets as 

‘prisms’ and ‘pipes’ explains why certain firms choose different trajectories or stay on the same trajectory 

despite technological change. Furthermore, the idea of innovation and technology systems as clusters of 

technologies that go from invention to commercialization brings an understanding of how technologies have 

direct impact on markets. The idea of the techno-economic paradigms builds on this understanding by 

broadening the analysis to consider the wider socio-economic consequences of technological change. Finally, 

as this thesis deals with the nature of technological revolutions, a useful framework is provided by Perez (2010) 

who presents determinants for when a revolution can indeed be called as such. These are the key concepts, 

insights and terms from the technological change literature that this thesis draws upon. 

 

In the preceding chapter, this thesis established and reviewed the GVC literature with a particular emphasis on 

how technological change is accounted for. Across central themes of the GVC literature i.e. View on the chain, 

Upgrading, Technology, Development and other Key Topics, the thesis has tracked the development of an 

analytical framework used for exploring the organization of the global economy. The most recent contributions 

to the GVC tradition have started to incorporate technology as an explanatory factor in GVC analysis, yet, 

given the infancy of the technological focus, a number of questions remains unaddressed. These were shown 

to be questions related to the impact of interplaying factors external to the chain; the role of technology in 

shaping new upgrading paths; the inclusion of multiple converging technologies in GVC analysis; how the 

emerging 4IR influences development; and how radical technological development restructures the foundation 

of GVCs. Looking to the literature on technological change, this thesis has investigated the explanatory power 

of a complementary theoretical framework in answering these questions (table 8). 
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Table 8. Answering Unanswered Questions, Authors’ own 

 
Table 8 brings together the review of the GVC theory and its unanswered questions with the insights derived 

from the literature on technological change. Based on this combination, it is argued that theories of 

technological change, in particular Dosi’s (1982) concepts of technological paradigms and technological 

trajectories and Perez’ (2010) idea of wider techno-economic paradigms as well as Wu et al (2014)’s view on 

complementary assets are able to address the holes in the GVC framework with respect to technological 

change. This highlights the complementary nature of the theoretical combination and thus testifies to the 

feasibility of introducing a theoretical module to the GVC analysis based on these theories of technological 

change.   

View on the 
Chain

Upgrading Development Key Topics Technology

Unanswered Questions of 
technological change

• Impact of 
interplaying 
external chain 
variables?

• New upgrading 
possibilities?

• Economic and 
Social 
Development 
under the fourth 
industrial 
revolution?

• Restructuring?

• AI, Robotics, IoT, Big 
Data, Smart 
manufacturing and 
technological 
convergence?

Answers from 
the literature 
on 
technological 
change

Concepts
• Technological 

Paradigms 
(Dosi, 1982)

• Technological 
trajectories 
(Dosi, 1982)

• Complementary 
Assets (Wu, Wan 
& Levinthal, 2014)

• Techno-Economic 
Paradigm (Perez, 
2010)

• Technological 
Revolutions 
(Perez, 2010)

• Managerial 
Common Sense
(Perez, 2003)

• Innovation (Perez, 
2010)

• Technological 
systems (Dosi, 1982)

Insights 
from the 
Technolo
gical 
change 
literature

• Technological 
paradigms set 
the structures 
within which 
problem-solving 
activity takes 
place 

• Technological 
trajectories define 
and constrain the 
direction of 
progress

• Complementary 
assets determine 
strategic choice 

• The broader socio-
economic 
implications of 
technological 
paradigms

• How 
technological 
revolutions as 
systems of 
systems have 
systemic impact 
on economies

• Principles 
guiding 
managerial 
decisions

• The process by which 
technological 
inventions become 
commercially feasible 
and ready for 
implementation

• How one technological 
system empowers 
another
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4. Theoretical Modularization 
Thus far the complementary nature of theories of technological change to the GVC framework has been 

established. In particular, it has been highlighted that an appreciation of technology across the all dimensions 

of the GVC theory brings valuable insights. This chapter operationalizes these insights and complements GVC 

theory with the theories of technological change. The operationalization is a framework for the next chapters 

and serves as a guiding tool of analysis and discussion. 

 

The GVC Module 
Table 7 summarized the current state of the GVC-GPN literatures in terms of key concepts and topics. For the 

purpose of clarity, this thesis groups the concepts and topics under the headlines of ‘Global Organization’ and 

‘Development’. The grouping serves as a means to enable a systematic evaluation of the impact of 4IR on 

concepts of GVCs and Development. Global Organization and Development are interrelated in a number of 

ways, yet, only individual evaluation of the categories allows for a discussion of how technological change 

within one category influences the other and vice versa. In the Global organization category, the concepts of 

governance and the smiling curve have been identified as key. Furthermore, the role of technology belongs to 

this category due to the emphasis on ICT as an enabling factor for global organization. In the Development 

category, it is argued that the topics of economic and social upgrading alongside issues of participation and 

exclusion are central. Through the works by Foster and Graham (2017) and Foster et al. (2018), technology 

has also been shown to be key in development discussions and consequently belongs to the Development 

category too. 

 

In the light of the 4IR and due to Bair’s call for the study of factors external to the chain, although technology 

is prominently associated with both Global Organization and Development, it is beneficial to look at 

technology as a category in itself with ties to the two categories. Consequently, this thesis places technology 

outside the GVC module to allow the role of technology to be the coupling point between the GVC module 

and the technological module which will be introduced next. The complete operationalization of the GVC 

module is depicted in figure 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 45 
 

Figure 7. Global Value Chain Module, Authors’ own 

 
 

The Technological Module 
The paradigmatic theories by Dosi (1982) and Perez (2003, 2010) highlight the process through which 

technological change takes place and wider socio-economic implications thereof. Thus, the thesis argues that 

the concepts of technological paradigms, technological revolutions and techno-economic paradigms are useful 

in addressing the Global Organization category in the GVC module. Consequently, a technological module 

aimed at addressing GVC theory must combine the insights of these three concepts. Similarly, the notions of 

technological trajectories and complementary assets are useful in answering the development questions of the 

GVC literature. Yet, because Dosi (1982) and Perez (2010) argues that technological trajectories takes place 

within paradigms, it is not possible to separate these concepts from each other. Thus, a technological module 

must compromise the interplay of concepts from paradigmatic theories of technological change. However, in 

the deployment of such module in a GVC context it is arguably possible to separate the concepts and apply 

them gradually in the analysis of how the 4IR may impact GVCs and what the implications may be for 

development. The technological module is presented in figure 8. 
 
 
 
 
 
 
 
 
 
 
 
 

 

GVC MODULE

GLOBAL VALUE CHAIN THEORY

• Governance

• Smiling Curve

Global Organization

• Participation

• Exclusion

• Economic Upgrading

• Social Upgrading

Development
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Figure 8. Technological Module, Authors’ own 

 
 

Combining modules 
Combining figure 7 and 8 provides a number of insights. As suggested above, the ideas of paradigm shifts and 

technological revolutions highlight that there are wider socio-economic consequences of a shift in the 

technological foundations of society. Such insights suggest a restructuring of GVCs in response to the 

technological revolution embedded in the 4IR and the emergence of a new techno-economic paradigm. In this 

paper, GVC restructuring is defined as the changes that occur in GVCs as a result of the 4IR in terms of 

governance and the distribution of value in the smiling curve. Participation and Upgrading is furthermore 

defined as essential elements of restructuring but will be treated as objects of discussion. This is so because 

the opening up of new technological trajectories implies that development - understood as participation and 

upgrading - needs to be revisited and the complementary assets underpinning a successful development 

strategy need to be redefined under 4IR. Here, technology as a theme in the GVC module is the mechanism 

through which these changes occur. Although it is still too early to draw conclusions, these initial findings call 

for further elaboration in the rest of the paper. The remaining chapters deal with the preluded implications of 

the 4IR for GVCs and how the restructuring of GVCs has consequences for development. The investigation 

of technological change in GVCs takes place through an analysis of the 4IR as a technological revolution 

bringing about a new techno-economic paradigm. The implied shift in the technological and managerial 

‘common sense’ calls for an analysis of GVC restructuring. Similarly, the idea of technological trajectories 

TECHNOLOGICAL MODULE

THEORIES OF TECHNOLOGICAL CHANGE

Technological Revolutions
• Systems of systems with systemic impact on economies

Techno-Economic Paradigms
• The wider socio-economic implications of technological paradigms

Technological Paradigms 
• Structure setting for problem-solving activity

Technological and Managerial ‘common sense’
• Set of principles guiding management 

Technological Trajectories

• Define and constrain the direction of progress

Complementary Assets

• Determine strategic trajectory choices
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and complementary assets in a new techno-economic paradigm implies that development is changing. This, 

together with the analysis of GVC restructuring challenges GVC development logics. These inquiries are 

guided by the combination of the GVC and technological modules in figure 9. 
Figure 9. Combination of Theoretical Modules, Authors’ own 

 
In contrast to Ponte and Sturgeon (2014), levels of analysis are absent from the figure 9. As was highlighted 

in chapter 2, levels of analysis have been put in the backseat as the implied implications of technological 

change occurs at all levels simultaneously and thus specific attention to one level over another arguably 

conceals the inter-level insights of a technological module. Consequently, considering the two main avenues 

of inquiry i.e. restructuring and development, change is likely to occur across the different levels of analysis 

suggested by Ponte and Sturgeon (2014). While a restructuring of GVCs can be understood as a top-down 

macro phenomenon driven by a shift in the technological landscape, it can just as well be interpreted as a 

bottom up process of individual companies at individual nodes in the GVC that implement new technologies. 

The bottom up perspective is best understood in the light of Ponte’s (2014) concept of multipolarity. 

Governance does not have to take the form of a top-down process. The same is the case for technological 

change. Yet, for technological change to have implications for the entire chain, it is argued that it must originate 

in key nodes along the smiling curve. Consequently, bottom-up processes alluded to here are better understood 

as middle-up processes. Thereby, technological change in low value adding nodes is unlikely to bring about 

technological driven change for the entire change. Based on figure 9, the thesis investigates both top-down 

and bottom-up (middle-up) explanations in its search for a deeper understanding of the underlying mechanisms 

of GVCs and the implications for development. 
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5. Dynamics of Industrial Revolutions 
The historical circumstances underpinning the development of today’s advanced GVCs are key to understand 

for any GVC researcher (Gibbon et al., 2008, p. 2). Changing global production landscapes are nothing new 

and understanding how this process unfolds over time and space is the foundation of GVC analysis. Therefore, 

in order to understand the 4IR and its impact on global production, the thesis first considers the historical 

circumstances of the today’s global economy. Because previous technological revolutions sparked the 

globalization of production, the second part of the chapter considers whether the 4IR can be understood as a 

technological revolution. In investigating the historical circumstances of today’s global economy and how the 

4IR qualify as a technological revolution, this chapter answers the second sub question of the thesis. 

 

Industrial Revolutions and Unbundlings of Globalization 
According to Baldwin (2014, p. 11), globalization is a process of spatial ‘unbundling’ of consumption and 

production of goods. The first unbundling was sparked by the steam revolution. The steam engine dramatically 

decreased transportation costs so that consumption and production was freed from the requirement of being in 

close proximity. This 1st industrial revolution –the ‘Age of Steam’ – initiated a new age of scale economics 

that made production cluster in factories in industrial districts (Baldwin, 2014; Perez, 2010; Schwab, 2017). 

This effect was amplified with the 2nd industrial revolution – the Ages of ‘Steel’ and ‘Oil’ – which originated 

in the United States in the late 19th century with the electrification of production, the invention of combustion 

engine and the development of the automobile (Perez, 2010, p. 190; Schwab, 2017). However, the cost of 

moving information and maintaining control across distances remained high and therefore global production 

stayed clustered in the Global North. This was the ‘a great divergence’ of wealth between the North and South 

(Baldwin, 2016). 
 

Everything changed in the late 20th century with the rise of the ‘Age Information Technology’ (Perez, 2010). 

The 3rd industrial revolution was sparked by the invention of the mass-producible semi-conductor. ICT-

technology reduced the cost of coordination across borders and therefore pierced the last barricade hindering 

a true globalization of production. Consequently, towards the end of the century, a wave of outsourcing of 

production from North to South occurred (Baldwin, 2016). This created the complex global trading system of 

final and intermediate goods that we observe today. The ultimate separation of production and consumption is 

Baldwin’s second unbundling of globalization. This unbundling reversed the economic fortune of countries 

like China, who experienced impressive economic growth as a result of the ability to attract manufacturing 

activities from global lead firms, leading to what Baldwin (2016) calls ‘the great convergence’. 
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The Deepening of the Smiling Curve 
The two unbundlings of globalization which were catalysed by technological revolutions, gradually pushed 

down the smiling curve. As presented, especially the ICT revolution, which sparked the second unbundling, 

spurred the spatial separation of production tasks. Consequently, Baldwin (2016, p. 217) labels the ICT 

revolution as the “value chain revolution” to signify the emergence of ‘deep’ GVCs of separate activities with 

great differences in value added that dominate global production today4. 

 

Alongside the geographical separation of manufacturing activities, global trade saw a dramatic increase in 

trade in intermediate goods as products travelled from node to node in GVCs. The Global North kept the high 

value-added activities like R&D and design as well as post-manufacturing activities like marketing and sales. 

The outsourcing of the lower-value added activities proved an opportunity for the Global South who no longer 

needed to establish entire industries to compete globally. Instead, they could specialize and join GVCs at 

specific low-value adding nodes along the chain. This is the current state of global production. A historical 

appreciation of GVCs brings understanding of the technological underpinnings of coordination and control 

that has shaped the way the global economy looks and operates. For the purpose of this thesis, the essential 

story to take note of is that the history of industrialization has been carried by technological breakthroughs that 

has evolved to technological ‘system of systems’ (Perez, 2010). This plays directly into Baldwin’s analysis of 

the socio-economic consequences of separating production and consumption that caused first the great 

divergence and second the convergence of global wealth creation. Schwab (2017) provides an internationally 

recognised terminology that separates the history of industrialization into three distinct revolutions each 

accelerating the globalization effects. Presenting the history of industrialization through these three distinct 

perspectives highlights the aim of this thesis to maintain a focus on the technologies at the heart of industrial 

revolutions while considering the broader – and global – socio-economic consequences of technological 

change. Table 9 provides an overview that clarifies the historical terminology used in this thesis. 
Table 9. Terminology of Industrial Revolutions, Authors’ own 

 
                                                   
4 Appendix C 
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On the Brink of a Fourth Industrial Revolution 
Coming from the historical foundations of GVCs, the advance of technology continues to shape the pace and 

direction of industrialization today. Indeed, technology is accelerating at an ever-increasing rate with the 

relentless reliability of Moore’s law which provides new opportunities for economic development and 

industrialization not imagined before. The continuous march of technological advancements has led Schwab 

(2017) to argue that the world is yet again standing on the verge of a technological upheaval bound to turn 

economic and social assumptions on their heads. The ‘Fourth Industrial Revolution’ is brought about by the 

merging of the physical, digital and biological worlds (Schwab, 2017). However, not all subscribe to the idea 

that the technological developments of today constitute a new industrial revolution. Some argue that it is 

merely a question of evolution of the core technologies of the third ICT-focused industrial revolution (Gross, 

2015). Interestingly enough, Perez (2017) situates herself on the evolution side of that dispute. Emerging 

technologies is a mere indication that the world finds itself in the deployment phase of the ICT revolution and 

thereby not in the beginning of a new techno-economic paradigm (Perez, 2017). 

 

Without falling into a long-running discussion about semantics, it is important that this thesis situates itself in 

this debate as it is paramount for the argument that the 4IR is indeed a technological revolution capable of 

impacting politics and economics just as the revolutions of the past. Furthermore, an acceptance of the novelty 

in emerging technologies is fatally important for this thesis to underline the need to expand GVC thinking and 

consider new challenges for development. Consequently, this chapter will progress by considering whether the 

4IR meets the two conditions of a technological revolution (Perez, 2010): 

1. That there is interconnectedness and interdependence of the participating systems in their 

technologies. 

2. That the revolution holds the capacity to profoundly change the economy and eventually society at 

large. 

This, not only, allows this thesis to challenge Perez on an application of her own framework, but also provides 

a solid apparatus for digging deeper into the 4IR to reveal the dynamics that later will be put against the GVC 

literature and discussed in the context of development. 

 

1st Condition: A Technological System of Systems 

To investigate whether the 4IR satisfies Perez’ (2010) first condition of a technological revolution, the chapter 

draws on a conceptual framework proposed by Wang, Wan, Li and Zhang (2016). In proposing a general 

architecture for smart manufacturing, they argue that Industry 4.0, i.e. 4IR technologies, entails three forms of 

integration: 

1. Horizontal integration across individual companies 

2. Vertical integration within individual companies 
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3. End-to-end engineering integration across the activities involved in the production process (e.g. across 

individual nodes of the smiling curve) 

Utilising this framework in combination with insights of the digital supply chain (DSC) literature brings 

attention to the nature of individual technologies in their deployment in a production setting, but also highlights 

how technologies interact and interconnect in future production processes and thereby how the technologies 

satisfy the first condition of a technological revolution. 

 

The notion of horizontal integration entails the idea that companies should interact with each other in 

cooperative ecosystems such that information, capital and material flow freely and unlock new value and 

business models (Wang et al., 2016). Vertical integration covers the vision that individual companies should 

integrate across the different layers of its systems architecture. Finally, end-to-end integration captures how 

the activities of companies along a value chain should be integrated to create a product centric value creation 

process (Wang et al., 2016, p. 3). Wang et al. (2016) focus primarily on vertical integration and argue that it is 

achieved by connecting the four layers of a systems architecture: (1) The physical resource layer that 

compromises artefacts of production, (2) the industrial network layer which serves as one part of the underlying 

communication enabling infrastructure of the architecture, (3) the cloud layer which, as the other part of the 

infrastructure, provides computing power to the architecture and finally (4) the supervision and control 

terminal layer that links people to the architecture. 
Figure 10.The Four Layers of Systems Architecture, Authors’ own adapted from (Wang et al., 2016) 

 
 

Based on the conceptualization of vertical integration, the following assesses the technologies of the 4IR. In 

particular, the conceptualization provides a means to investigate the interdependencies among technologies 

within individual companies. Also, the idea of the 4IR, as the combination of three different forms of 

integration, provides an avenue for investigating how technologies enables integration between companies and 

activities in the value chain. To guide this investigation, the thesis turns to the emerging DSC literature that 

looks into how new technologies brings about new ways of interaction in supply chains (Büyüközkan & Göçer, 

2018). At its core, the DSC literature highlights that digitizing supply chains breaks down silos across different 
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organizations and creates an integrated system that runs flawlessly across organizations. Accordingly, DSCs 

are defined as 

“[…] an intelligent best-fit technological system that is based on the capability of 

massive data disposal and excellent cooperation and communication for digital 

hardware, software, and networks to support and synchronize interaction between 

organizations by making services more valuable, accessible and affordable with 

consistent, agile and effective outcomes.” (Büyüközkan & Göçer, 2018, p. 165. authors' 

emphasis) 

Defining DSCs as technological systems puts into perspective Wang et al. (2016)’s idea of horizontal and end-

to-end integration by highlighting how technologies work across organizational boundaries. Decomposing 

DSCs, Büyüközkan and Göçer (2018, fig. 5) highlight how digitization and the implementation of technology 

are central components of supply chains that transcends and breaks down silos that otherwise would hinder 

coordination and smooth production processes. Thus, borrowing insights from the DSC literature enables the 

thesis to complete the technological analysis across all three integration dimensions of the 4IR and assess how 

the technologies are interconnected and interdependent in their production application. Table 10 defines and 

situates the deemed key 4IR technologies across Wang et. al. (2016) four layers and subsequently considers 

their influence in DSCs and in what node of GVCs that technology can be applied. Reference cases are included 

to underline that the technological deployment is already taking place.  
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As seen in table 10, the technological aggregation of IoT, Cloud Computing, BDA, AI, VR/AR, industrial 

robots, 3DP and blockchain have applications across the value chain and throughout the layers of any one 

factory. In a production setting alone, MGI (2015) estimates that the application of the technologies are going 

to add between 1.2 and 3.7 trillion USD by 2025. Together, the technologies of the 4IR are best understood as 

what strategists, businesses and academics have coined a cyber physical system (CPS). CPSs are close 

couplings of the cyber and the physical creating engineered systems “[…] whose operations are monitored, 

coordinated, controlled and integrated by a computing and communication core.” (Rajkumar, Lee, Sha, & 

Stankovic, 2010) and allow for coordination across firm boundaries since they “[…] integrate production 

facilities, warehousing systems, logistics, and even social requirements to establish the global value creation 

networks” (Wang et al., 2016). 

 

Understanding the new technologies as a CPS corresponds to a view articulated by an interviewee who 

described the 4IR as the advent of a cyber-physical world in which “[…] the cyber world meets the physical 

world and the cyber world represents to a large extent the physical world” (Lehmacher, 2018). This was 

echoed by another interviewee who called it a “[…] cyclical relationship between the two – the merging of the 

physical and digital” (Larsen, 2018). A new technological imperative where digital and physical technologies 

mutually reinforce and depend on each other to reach their full potential thus seem to be emerging. Considering 

data on projected spending on each of the technological systems, it similarly seems that every technology of 

the 4IR is seeing large sums of investment (table 11). 
Table 11. Projected spending across Fourth Industrial Revolution technologies, Authors’ own  

 
Sources: (IDC, 2017a, 2017b, 2018a, 2018b, 2018c, 2018d, 2018e; IDC & Torchia, 2017),* authors’ calculations 

 

Furthermore, according to a survey by PwC, 91 percent of responding European industrial companies are 

investing in digital factories (Geissbauer, Schrauf, Berttram, & Cheraghi, 2017, p. 6). What covers the terms 

‘digital factory’ or ‘industry 4.0’ are exactly umbrella terms that capture the flow of investments in all the 

above-mentioned technologies. Investments are made to make technologies work in cohort within and between 

factories to establish the factory of the future that incorporate 4IR technologies throughout its operations 

(Geissbauer et al., 2017, p. 24). In fact, 64 percent of the respondents are actively investing or planning to 
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invest in advanced systems that connects sensors on the manufacturing floor to one company-spanning data 

network (Geissbauer et al., 2017). 

Arguably, these figures tell of a story of the transformative potential of emerging technologies. The increase 

in investments across all technologies implies that the applications are dependent on each other. The dynamic 

is clear: a company must invest in cloud computing is it wants a functioning IoT infrastructure, which again 

beckons investments in BDA and AI etc. The investment figures are therefore highly interrelated and 

overlapping which once again reminds us of the interconnectedness of the emerging technologies. 

 

Consequently, this thesis observes a set of single technological breakthroughs that are powerful in their own 

right but truly revolutionary when considered together. The thesis thus argues that the technologies are best 

understood as: 

“[…] a set of interrelated radical breakthroughs, forming a major constellation of 

interdependent technologies; a cluster of clusters or a system of systems.” (Perez, 2010, 

p. 189) 

This thesis finds that the 4IR technologies indeed fulfil Perez’s first condition. The technologies cannot be 

reduced to separate physical and computational components - they are converging, creating a system that is 

larger than the sum of its parts (E. A. Lee & Seshia, 2012; Monostori et al., 2016). The technological systems 

are intertwined and dependent on each other becoming a true system of systems. Proposing this allows the 

thesis to turn to the second condition and investigate the economic and societal transformation that arise out 

of this emerging technological system of systems. 

 

2nd Condition: Rise of the Age of Data 
“Data is foundational to everything we do. Data is a natural resource – those who 

capture data and learn how to exploit it will be those who succeed in the new economy” 

(Linton & Handfield, 2017, p. xiv) 

In addition to strong interconnectedness and interdependencies of the participating technologies, a 

technological revolution is characterized by the capacity to profoundly change the economy and eventually 

the rest of society. This change takes place through a techno-economic paradigm that is articulated through the 

use and diffusion of the new technologies (Perez, 2010, p. 194) and which in turn prescribes how to take 

advantage of the new technologies (Perez, 2003). In other words, the second condition is fulfilled when a new 

technological and managerial common sense is established. Based on interview insights and industry reports, 

this section argues that a common sense is indeed beginning to emerge across the parameters of Inputs and 

Values, Products and Markets, Operation, Structures, Personnel. A common sense which is different from that 

of the ICT era (figure 11). 
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Figure 11. An emerging technological and managerial common sense, Authors’ own 

 
Inputs and Value 

Inputs and Value denominates the inputs businesses acquire to generate value and a competitive edge. Perez 

(2003) argues that the shift from the 2nd to the 3rd industrial revolution was characterized by a shift away from 

energy resources and raw materials used to create products of tangible value towards information and 

knowledge inputs that could be transformed into intangible value and services. Because of the technological 

innovations inherent in the 4IR, it seems that the managerial common sense in relation to inputs and value is 

yet again facing a fundamental shift. 

 

The enabling factor at the heart of the emerging technologies is the ability to generate and analyse data 

(Hagemann, 2018). The inventions are becoming innovations because increasing computing power makes it 

possible for companies to rely on insights and make firm-critical decisions based on new ways of generating 

data5. Across the interviews, interviewees made a significant point out of highlighting the importance of data 

in modern GVCs and successful business models as well as data being the new source for optimization, value 

creation and winning in the marketplace (Larsen, 2018; Fan, 2018; Hagemann, 2018; Hesdorf, 2018; 

Lehmacher, 2018; Madsen, 2018; Maestrelli, 2018). As an example, Larsen (2018) said “It is not until now 

that we have seen the impact of the combination of big data and computational power”. This highlights that a 

point has been reached where computational power brings forth a new host of applications that dramatically 

change how businesses compete. 

 

                                                   
5 Appendix D 

DATA INTENSITY
Efficiency and prediction gains
Servicification of products

FULLY CUSTOMIZED SERVICE 
PRODUCTS IN CONVERGING MARKETS
From narrow niches to hyper personalization

PROACTIVE INSTANT IMPROVEMENT
Flexibility and transparency as the goal

DIGITAL INTEGRATION & PHYSICAL 
DECENTRALIZATION
Decentralized digital ecosystems

HUMAN –TECH COMPLEMENTARITY
Skilled labour as an asset
Training as a necessity

SMART PRODUCTION MODEL
Age of Data

The emerging ‘common sense’ of a new 
tech economic paradigm*

Source: (Perez, 2003, fig. 6) with authors own extension*
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Hesdorf (2018) took a value chain perspective on the impact of data: “The way to look at modern value chains 

and figure out what is going on is to ask ‘where is the data?’, ‘who owns the data? And ‘who has access to the 

data?’”. This is a clear indication that data has become the resource to look for when analysing competitive 

situations throughout modern value chains. It signifies how businesses today are changing the way they operate 

to put data at the centre of their strategy. It is, in other words, a matter of tracking the data flows when you 

analyse the power structures of a given value chain. 

 

Madsen and Maestrelli point to the opportunity to conduct predictive maintenance on large datasets that we 

just recently have been able to generate. Predictive maintenance, they argue, is a truly revolutionary way 

businesses can provide value to customers (Hesdorf, 2018; Maestrelli, 2018). It allows for the creation of a 

host of new services around the product and even in some cases transform whole business models to be more 

service oriented. Again, data is the enabling resource because real time analytics provides the opportunity to 

guarantee up-time and bundle digital and physical products (Orton-Jones, 2016). This form of ‘servicification’ 

will be touched upon in more detail at a later stage. At this point what is important is that with data as an input 

comes new opportunities to tap into sources of value. 

 

A shift in the common sense towards data as an input and source of value implies that data is fundamentally 

different from information. When asked about this, Lehmacher (2018) made a point out of underlining that 

indeed there is a key difference between the two in the context of supply chains:  

“[…] 10 – 20 years ago, we were talking about an information layer, not a data layer 

[…]. We were thinking about, okay there are goods and containers moving, and people 

want to have information [about their location] – as simple as that. But now we are in the 

age of data”. 

Data is different from information in the sense that information is processed data so that it is understandable 

for human beings (Computer Hope, 2018). In the ICT era, increased access to information made businesses 

and customers more aware of operations, logistics and purchases whereas the ‘Age of Data’ the need for human 

interpretation and coordination decreases which gives businesses complete overview and control through data. 

As a result, new business models, business operations modes and customer service offerings arise (Hu, 

Monahan, Zugravu, & Mesnard, 2017, p. 24). 

 

Furthermore, previously in the Age of ICT, business forecasting was relying on historical data, which allowed 

for partial optimization of global supply chains. The real-time optimization and predictive forecasting 

opportunities that come with the 4IR provide a significant break with how business has been conducted up to 

this point (EY, 2015b). This is a good example of the novelty of the focus on data and data analytics. Overall, 

this thesis argues that the turn towards acquiring, storing and analysing data constitutes a dramatic shift from 
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the ICT era. Whereas information was the key input in ICT, the new managerial mindset requires that 

companies take the next step and focus on data to generate value. 

 

Products and Markets 

Considering the Products and Markets parameter, Perez (2003) argues that the transition to the 3rd industrial 

revolution came with a change in the nature of the products and in markets’ competitive structures. During the 

transition, businesses moved from selling standardized products to mass markets to providing diversified 

products to highly segmented markets – i.e. moving from supplying high volume basic products to narrow 

niche products (Perez, 2003, p. 12). As found above, the move from information to data as the fundamental 

input to create value is likely to have an impact on the nature of products and the markets in which they 

compete. This thesis argues that the transition to the Age of Data brings with it three changes along the products 

and markets parameter. 

 

First, the technologies of the 4IR allow for an unprecedented degree of customization towards consumer needs. 

Across interviews, customization kept surfacing as a keyword when talking about the future of product 

offerings (Larsen, 2018; Fan, 2018; Lehmacher, 2018; Madsen, 2018; Maestrelli, 2018). This was perhaps 

clearest in the conversations with Madsen and Larsen. Madsen (2018) said “Mass customization is an 

interesting subject here because you are going […] to have the customization part of your production closer 

to the main market”. Larsen (2018) expanded this point by arguing that customization will enable the customer 

to take an active part in the production process leading to a co-production scheme: “There will be a change 

from production to co-production where companies and customers are taking part in developing the 

products.” Consequently, the customer becomes involved throughout the activities of the GVCs. 

 

Similarly, Boumphrey and Brehmer (2017) finds that technological progress, among other drivers, have 

brought about an increased concern for putting the consumer at the heart of businesses. New technologies such 

as cloud computing, AI, and IoT means that consumers prioritize experience over possessions and at the same 

time, they are willing to spend more on premium goods and services (Boumphrey & Brehmer, 2017, pp. 13–

16). Together, these technologically driven mega trends enables and incentives demand for mass customization 

(Gandhi, Magar, & Roberts, 2013). With the 4IR, the global economy is leaving Henry Ford’s famous idea 

“You can have any colour you like as long as it's black” (in Wooton, 2016) behind. Consumers want choice 

(EY, 2013, p. 12) and consequently, mass customization to individual needs enabled by the technologies of 

the 4IR has become an opportunity to create value (Hu et al., 2017, p. 19). 

 

Second, the customization trend also drives firms to offer their product as a service. Madsen (2018) pointed to 

how IoT and predictive maintenance are the key enablers of this tendency. Servicification allows 
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manufacturers to deliver ‘outcomes’ which drive more value for customers (Connerty, Navales, Kenney, & 

Bhatia, 2016; Hagemann, 2018). Examples of this practice is Rolls Royce who sells ‘Jet-Propulsion as a 

Service’, GE who bills its customers through a ‘Power by the Hour’ scheme and Siemens who sell electricity 

rather than windmills (Connerty et al., 2016; Hagemann, 2018). Similarly, the pump manufacturer, Grundfos, 

is moving away from hardware to selling ‘Water as a Service’ (Knudsen, 2018). The benefits of servicification 

for companies is increased control over products, new predictable revenue streams and the ability to 

accumulate valuable operation data (Madsen, 2018). Customers benefit from receiving a service that are much 

more targeted to their actual need. It is worth highlighting that servicification and customization of products 

confirm the importance of data in business operations. Specifically, customer data is likely to be a key enabler 

as argued by Maestrelli (2018) “I believe that the more you want to transform your products and services, the 

more you depend on your data analytics to get to know your customers”. Emphasizing this point, Hagemann 

(2018) argued that: 

 “[…] business models are changing from selling products to selling how customers use 

products […] I have often argued that we need to know what customers use the product 

for […] If we don’t know that, we are blind in the world of tomorrow” 

Investigating the changing nature of products under the 4IR therefore lends merit to the former conclusion 

about a new Age of Data. 

 

Third, as companies seek ways to merge the physical and the digital to capture more value through 

servicification and customization, traditional borders between industries start to blur. This became clear after 

the interview with Hesdorf (2018) who, when asked to describe how the market is developing as a result of 

4IR technologies, observes an tendency going towards industry convergence. When data becomes the main 

input, specific market characteristics become secondary which in turn makes it hard to describe companies: 

“What kind of company is Mærsk Line today? If you had asked me 10 years ago the answer would have been 

straight forward. Mærsk Line is a shipping company. Is that true today? I’m not so sure” (Hesdorf, 2018). 

Hesdorf (2018) underlined his point when he implied that competitive advantage is about who owns the data 

by proclaiming that the online platform Amazon in essence is Mærsk’s largest competitor – a scenario that 

clearly shows blurring lines between markets. 

 

Taking these arguments together, it seems that the 4IR enables companies to bring new levels of customization 

and servicification to consumers. This, in turn, leads to converging markets because the trends blur the 

boundaries between markets. Again, customization, servicification and market convergence all have data and 

access to data at the centre. Therefore, the thesis suggests that there is a new break with products and markets 

from the Age of ICT. The common sense is shifting from ‘Diversified adaptable products in highly segmented 
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markets’ to ‘fully customized service products in converging markets’. Similarly, there is a move from serving 

small niches to hyper-personalized service offerings. 

 

Operation 

Moving to the Operation parameter, recent developments point to a change in the technological and managerial 

‘common sense’. Perez (2003, p. 12) argues that the change from the Age of Oil and automobiles to the Age 

of ICT signified a shift from the ‘one best way’ approach to business operation to a ‘continuous improvement’ 

philosophy aimed at changing practices over time making ‘change’ in itself the main routine. The research and 

interviews of this study reveal that while the fundamental approach to ‘change’ as a business practice is not 

likely to change per se, the technologies of the 4IR dramatically redefine what is meant by change in business 

operations. The argument boils down to a new infrastructure of production facilities which alter the time 

dimension of change. 

 

When asked about how businesses have approached operations previously, Maestrelli (2018) answered: 

“So if you go into any kind of production right now then you will have a lot of people 

producing one thing here and then bring the parts to the next operation and the next 

operation. And you don’t really know what has been going on up until that. You have an 

ERP system, but this is not live. This is much more reactive – this is how it has happened 

for a long time.” 

This plays well into the previous discussion of the difference between information and data. The ERP system 

provides information about the shop-floor, which gives an overview of operations. Now, however, according 

to Madsen (2018), the change comes when we add new technologies like IoT and BDA to the shop-floor: “You 

are going to see a centralization of the production control room where you are going to monitor real-time 

data” (Madsen, 2018). Such a centralization of control in the manufacturing setting indicates a higher degree 

of transparency on the shop-floor. Manufacturers go from only getting information about their operation at 

certain key points in the manufacturing process to having a constant overview of the production activities. This 

enables a much more proactive approach to change. 

 

Increased transparency brings with it new operational opportunities in two areas. First, transparency allows for 

an unprecedented degree of flexibility in production. Madsen (2018) points this out: “The technology will be 

able to give suggestions […] so it would say ’you need to produce so much today, your production plan says 

this, it would make sense to produce it like this” (Madsen, 2018). Yet, new technologies can go even further 

than merely suggesting production routes (Wang et al., 2016). In future smart factories, robots on the 

manufacturing floor can negotiate with each other in real time to optimize production operations depending 
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on the product being produced at that time6. Consequently, it seems that human agency in change processes is 

altered. Going forward, it is likely no longer humans who are the initiators and instruments of change, instead, 

humans become decision-makers relying on suggestions proposed by technology e.g. an AI. Second, advanced 

analytics capabilities combined with the massive amounts of the data accessible through shop-floor 

transparency allows for a dramatic optimization of maintenance schedules, which diminishes down-time as 

well as it gives manufacturers the ability to conduct real-time quality control (Madsen, 2018; Maestrelli, 2018). 

 

Thus, technologies of the 4IR seems to be inducing a redefinition of what it means to improve production 

processes. This thesis argues that while ‘change’ per se is still the overarching imperative of any manufacturing 

process as it was in the ICT era, the time aspect of how this change takes place is shifting. When considering 

the 4IR, companies will go from a reactive approach to change, where processes are optimized at certain points 

in time based on experience, to a proactive change where real-time data analytics and production transparency 

is key to improve entire production processes instantaneously with little to no human agency in bringing about 

this change. 

 

Structures  

Moving to the Structures parameter, comparing the Age of Oil and automobiles to the Age of ICT, Perez 

(2003) highlights a structural shift from centralization to decentralization. This thesis argues that the 

technologies of the 4IR brings with them a new shift. Decentralization remains, yet, with the advance of CPS, 

interviews suggest that a new round of centralization will take place in the digital realm. 

 

According to Maestrelli (2018), the large-scale factories of today will be a thing of the past. Instead, smaller, 

closer to end-market multi local production will take their place (Bhattacharya, Reeves, Lang, & Augustinraj, 

2017; Larsen, 2018). With 3DP, robotics and AI, even small companies can reach scale (Hesdorf, 2018). The 

higher productivity of the new technologies in combination with the ability to carry out highly flexible and 

complex operations allows smaller players to gain customer reach and compete with much larger players. 

Consequently, it seems that the case for big-is-beautiful is likely to be challenged moving into the Age of Data 

(Hagemann, 2018; Hesdorf, 2018). Madsen (2018) suggests that specialization in specific activities of the 

value chain will become the decentralized norm where data sharing across companies will be key in 

coordinating different activities. Arguably, this implies a partnership structure, where companies abandon 

traditional holistic value chain perspectives in return for controlling chunks of the chain. In this model, 

coordination and orchestration across the value chain is key (Hagemann, 2018; Hesdorf, 2018). Interpreting 
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these insights suggests a shift away from large centralized production towards smaller, technology-driven, 

production units and thus a continued physical decentralization of production. 

 

However, although technology allows small players to reach scale, scale, for some, continuous to matter. 

“There are some gigantic outsourcing providers […] They are busy automating because, there is a difference 

between and scale in having 10.000 robots vs. having 10.” (Hesdorf, 2018). This poses an interesting dilemma. 

On one hand, there are tendencies going towards decentralization, and on the other, it is clear that scale will 

remain important. With the emergence of AI, Fan (2018) only sees big companies getting bigger pointing to 

how big tech companies consume smaller players – a topic that was also considered by The Economist (2018) 

under the title “American tech giants are making life tough for startups”. Nuancing this debate, Madsen (2018) 

argues that the new technologies benefit both large and smaller companies, leaving medium-sized companies 

in the cold because they either lack the resources to explore new technologies or are too risk averse. Hesdorf 

(2018) proposes a reconciliation in this paradox arguing that the 4IR is fuelling a consolidation at a value chain 

level which accommodates the continued importance of scale, but at the same time, there is fragmentation at 

the individual components of the chain, which in turn leaves room for the decentralization proposed by the 

other interviewees. 

 

This thesis argues that Hesdorf’s (2018) consolidation trend takes place primarily in the digital space. Referring 

to data, Lehmacher (2018) argues that the 4IR puts data and algorithms behind the wheel. “We have a new 

layer, and that layer is data meaning the captain becomes an algorithm […]” (Lehmacher, 2018). Evidence 

from Flex, a multinational technological manufacturer, and Li & Fung, one of the biggest sourcing providers 

in the world (Li & Fung, 2017), provides insight into what structural direction the new captain might take firm 

organization. The Flex Pulse Center monitors all aspects of Flex’s supply chain and allows Flex to eliminate 

inefficient suppliers in the network (Flextronics, 2015; Linton & Handfield, 2017). A similar structure has 

been introduced by Li & Fung who, in their attempt to create the supply chain of the future, have developed a 

digital platform connecting buyers with the 15.000+ suppliers worldwide (Li & Fung, 2017, p. 12). Both 

companies are relying on the idea of a digital control tower situated in the middle of an ecosystem of connected 

suppliers and buyers. This is the digital integration aspect of the 4IR. Through IoT and cloud computing 

organizations can monitor and control all aspects of their decentralized close-to-end-market value chain from 

a single physical location with a few data analysts (Lyall, Mercier, & Gstettner, 2018). The emergence of value 

chains were few actors orchestrate their network (Hagemann, 2018), based on data, represents a structural shift 

away from digitally decentralized organizations of the ICT era. 

 

Looking forward, tendencies suggest a restructuring process creating decentralized ecosystems of smaller 

companies partnering with each other around and through digital platforms that work as control towers of the 
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largest players in the industry (Berttram & Schrauf, 2016; EY, 2015a; Lehmacher, 2018). Thus, a new 

managerial common sense of digital integration vs. physical decentralization seems to be emerging 

(Bhattacharya, Khanna, Schweizer, & Bijapurkar, 2017). 

 

Personnel 

In terms of Personnel, Perez (2003) emphasises the shift from the Age of Oil and Automobiles to the Age of 

ICT changed how labour is treated. From being a mere resource, labour in the ICT age is treated as an asset, 

and upskilling of labour is seen as an investment beneficial to the firm. Based on interview insights and 

conclusions by industry reports, the thesis argues that this managerial perspective on personnel is changing in 

two ways. 

 

First, it seems that going forward, not all labour continues to be an asset. Inherent in the technologies of the 

4IR is an automation imperative which implies that low-skilled labour eventually will be replaced by 

technological solutions e.g. robots. Recalling a plant visit in China, Hagemann (2018) described: 

“They make 500 diesel engines a day in one factory and there are very few people 

involved. Everything is automated! We tend to believe that Chinese factories employ 

thousands of people, that is no longer the case […]” 

At the same time, however, the human factor will remain critical for the success of deploying the technologies. 

This point was raised several times across different interviews (Hesdorf, 2018; Lehmacher, 2018; Madsen, 

2018; Maestrelli, 2018), but perhaps most clearly put by Maestrelli (2018) “[…] the human interaction, it is a 

clear factor because without it, you won’t get anything. You’d get a lot of data, but you will not get a lot of 

intelligence”. Thus, although new technologies replace labour for capital, this replacement only goes to a 

certain length. There is still a need for highly skilled labour under the 4IR (Baldassari & Roux, 2017, p. 21). 

An important nuance to this finding was brought up by Madsen (2018) who implies that a new techno-

economic paradigm would not mean the end of all low-skilled labour. In areas where wages are sufficiently 

low, the incentive to use low skilled labour will remain. However, in sheer numbers, the need for low skilled 

labour is going to be small (Hesdorf, 2018). 

 

Whereas the need for skilled labour is not new, this thesis argues that the new technologies imply a shift in the 

role of skilled labour from being strategic assets to being complementary assets. According to Lehmacher 

(2018) “We are the biggest enabler and the biggest barrier” for the 4IR to be successful. This view of 

personnel as the enabler of technologies was prevalent. Instead of being truck drivers and operators of 

equipment, in the Age of Data, personnel will be data scientists and technology architects who support and 

enable the technologies to work efficiently (Geissbauer et al., 2017, p. 31; Madsen, 2018). Personnel will 

become the arms and legs of the technologies in the areas where they fall short (Madsen, 2018) and thus 
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interact with technology in a complementing role giving rise to the simultaneous deployment of human and 

technological capabilities (Geissbauer, Lübben, Schrauf, & Pillsbury, 2018, p. 53; Hu et al., 2017). This shift 

to a more complementing role was echoed by Maestrelli (2018) who argued that a future blue-collar worker 

would be a programmer supervising and supporting the technologies instead of carrying out primary tasks. 

Depending on the level of trust and confidence being put into technologies, eventually, personnel will 

transcend into a role looking after the technology instead of doing the work that is now automated (Lehmacher, 

2018; Lyall et al., 2018). 

 

The trend of labour as complementary assets indicates a second change from the era of ICT. Whereas training 

previously was seen as investment, it is arguably becoming a necessary condition of competition. According 

to the MGI (2018), as companies adopt technologies they have to reorganize the way they work - a 

reorganization in which competitiveness will depend on an upskilling game. On the same issue, Madsen (2018) 

points to the criticality of highly skilled labour to fill out the new roles of personnel in the future of production. 

Consequently, it is argued that technological upskilling of personnel is becoming increasingly important as the 

4IR unfolds. Hesdorf (2018) expressed concern about prosperity in countries who have not already started an 

upskilling process. Similarly, consultancy reports display concern about economies that base competitiveness 

on low-skilled labour, simply because new technologies undermine such assets (Geissbauer et al., 2018; 

Monahan, 2017). Relying on low-cost low-skilled labour does not enable companies nor countries to take 

advantage of the 4IR (Hagemann, 2018). 

 

To benefit from the new technologies, it is about people, getting the spirit of the revolution and then build the 

capabilities to take advantage of it (Lehmacher, 2018). In other words, upskilling, under the 4IR, is no longer 

a choice which is implied in perceiving it as an investment. Instead, it is to a much larger extent becoming the 

necessary means through which companies must develop their complementary assets to support and enhance 

new technological solutions.  

 

Chapter sum up: The Installation of a New Techno-Economic Paradigm 
The above analysis demonstrates how the 4IR qualifies as a technological revolution. First, the individual 

technological components satisfy Perez’ first condition in the sense that they create a cyber-physical world 

that is interconnected and interdependent in ways that correspond to a system of systems. Secondly, interviews 

and industry reports suggest tendencies of a change in the technological and managerial ‘common sense’ 

embodied by a smart, technologically enabled, production model. We are entering the “Age of Data”, an era 

fundamentally different from the Age of ICT because new converging technologies alter how companies 

organize and do business. Such change is taken as an indicator of a wider shift in the ordinary conduct of 

business and thus, reveal emerging underlying mechanisms that have the potential to change the economy and 
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eventually society. Thereby, it is argued, that Perez’ second condition is fulfilled. In turn, the global economy 

finds itself not in the deployment phase of the ICT revolution, as was argued by Perez (2017), but in the 

installation phase of an entirely new technological revolution – a Fourth Industrial Revolution (figure 12). 
Figure 12. Phases of a technological revolution, authors’ own adapted from Perez (2002) 

 
The installation of a new techno-economic paradigm embodying a new common sense influences the 

competitive dynamics of the global economy. Shifts in the technological and managerial common sense change 

how competition takes place by altering the guiding principles of managerial decisions. Yeung (2009) and 

Yeung and Coe (2014) argue that firms are driven by the competitive dynamics of cost, flexibility, speed and 

cost-capability ratios. The emerging new common sense strikes similar notes but also introduces customization 

and servicification as important new competitive dynamics. In this sense, the installation of a new techno-

economic paradigm implies that technological change, as an external factor, influences GVCs. Contrary to 

Yeung (2009) who perceives competitive dynamics as something that can be reacted to through technological 

fixes, the above analysis indicates how technology, as a factor outside, but not exterior to (Bair, 2005) the 

chain manifested in the unfolding technological revolution, influences the competitive dynamics that drive 

global organization through the logic of the managerial common sense. Hence, technologies and in particular 

technological change deserve a dedicated spot in the GVC literature beyond what is currently taking place. 

The remaining chapters considers likely future GVC changes in response to the technological change and the 

competitive dynamics described above in terms of first likely changes in global organization and second likely 

implications for development.  



 66 
 

6. Global Value Chain Restructuring 
In the literature review, it was established that the GVC framework does not consider technological change to 

a sufficient degree as traditionally, the understanding of technology in the GVC literature has revolved around 

ICT. Although especially recent contributions to the GVC literature (Frederick et al., 2017; Rehnberg & Ponte, 

2018) have started to break from this tradition, the literature is still in a state of technological infancy with 

respect to considering the joint influence of emerging technologies. In the previous chapter, it was found that 

the 4IR is a technological revolution bringing about a new techno-economic paradigm. This presents the GVC 

literature with an interesting dilemma as it is seemingly unable to address the implications of the 4IR. 

Following the theoretical modularization model developed earlier, this chapter explores GVC restructuring 

defined as changes in governance patterns and in the distribution of value in GVCs depicted in the smiling 

curve. Changes in Governance and the Smiling curve capture how 4IR is likely to restructure GVCs and 

thereby address sub question three. In addition, in answering sub question three, this chapters also demonstrates 

the benefits of supplementing GVC theory through theoretical modularization. 

 

Governance in the Age of Data 
In the original GVC framework, governance patterns are shaped by three factors that by being determined as 

either high or low yields eight governance scenarios where five such patterns are identified (Gereffi et al., 

2005). Complexity of information and knowledge in transactions, codifiability of this information and 

knowledge and capabilities in the supply base are at the centre of the governance concept in GVC theory. The 

ICT legacy of the governance concept is evident across these three factors in the emphasis on information. As 

was argued in the investigation of an emerging new managerial common sense, the techno-economic paradigm 

of the 4IR is characterized by, in terms of input and value, not knowledge and information intensity but rather 

data intensity. This suggests that the focus on knowledge and information across the three factors needs to be 

revisited. Furthermore, the advent of CPS and digital integration bring about additional hurdles to the 

traditional factors of governance by redefining how companies interact as was indicated in the above 

investigation of structures in Age of Data. Consequently, this thesis argues that the rise of data, CPS and digital 

integration in combination with new competitive dynamics reveal underlying mechanisms of technological 

change that alters the dynamics of GVC governance. 

 

Complexity 
The notions of mass customization, servicification and the possibility to create value through new technologies 

have been established as new trends in the managerial common sense. Facing these trends, this thesis finds 

that the complexity of inter-firm transaction increases. Madsen (2018) argues that one of the fundamental 

changes in inter-firm relationships will be an increased fluidity in the interactions. “[…] it will not be getting 

100 tons of steel in the door next Monday, it will become much more fluent what we need at what time” 



 67 
 

(Madsen, 2018). Customization and servicification as new competitive dynamics imply that different actors 

involved in GVCs must coordinate their activities to a much higher extent to meet the ever-changing consumer 

demand. Agile production schemes with iterations bringing in the customer on a constant basis will become 

the means by which companies meet demand (Hagemann, 2018). Sharing data across organizations and 

activities in the value chain is key in this regard and consequently the complexity of the information and 

knowledge transfer needed to sustain these iterative interactions increases. As Madsen’s example indicates, 

product and process specifications move from being about simple amounts at a given time towards something 

much more complex i.e. continuous flexible specification and delivery of components to meet changing 

customer demands. 

 

At the same time, increased fluidity in the interactions between companies signifies that the focus must shift 

from particular transactions to ongoing inter-firm interactions. This can also be described as a blurring of inter-

firm transactions (Hesdorf, 2018). To stay competitive vis-à-vis competitors and customers in the new era, 

firms need to let go of an inter-firm view of the world and reassess ideas about partners and competitors and 

instead engage with eco-systems of surrounding firms and organizations (Hesdorf, 2018). This echoes the 

‘chain critique’ inherent in the GPN framework that emphasises that production and distribution processes are 

neither linear nor vertical (Henderson et al., 2002, p. 442). Thus, staying in traditional GVC governance 

language, there are tendencies that the complexity in inter-firm transactions is increasing although this does 

not seem to fully capture the changing nature of the interactions and transactions themselves. 

 

The pivot towards physical decentralization in combination with digital integration as a structural principle is 

a product of the need to meet customization pressure through organizational redesign and a means to address 

the increased complexity of information and knowledge in inter-firm transactions. New production 

technologies makes it more feasible to abandon centralization and produce across different locations 

(Maestrelli, 2018) and thereby separate customization from basic production by locating the former closer to 

end-markets (Dehal, Kent, Kinder, & Ranke, 2016, pp. 6–7; Geissbauer et al., 2018, p. 9) and the latter in a 

low-cost country (Madsen, 2018). This physical segmentation and decentralization of production activities that 

enables closer contact with customers is underpinned by a common digital infrastructure. Discussing the 

concept of distributed manufacturing, an ideal scenario of 3DP (World Economic Forum, 2017), Lehmacher 

(2018) argues that while the decentralization is a function of 3DP technology, this is only possible because of 

IoT and AI in the cloud and network layers of the physically separated companies. This kind of digital end-to-

end integration across value chain activities enables a decentralized production footprint and customized end-

products (Wang et al., 2016). 
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A new managerial common sense puts digital integration at the core of the 4IR. The incentives for digital 

integration across organizations come with the emerging technologies and the notion of CPS. As argued above, 

the technological revolution is about interplaying and interconnected technologies. Thereby, because of the 

inherent promise of the 4IR technologies to add up to 3,7 trillion USD in production alone, companies have 

incentives to integrate through network and cloud layers, both internally and across organizational boundaries, 

to achieve efficient CPS across the GVC. The rise of CPS as the embodiment of digital integration thus 

challenges the notion of inter-firm transactions because organizations across the value chain refer to the same 

digital infrastructure of interconnecting technologies. Interviews confirmed the need for this kind of digital 

integration. Maestrelli (2018) emphasised integration of technologies as the means to achieve production 

flexibility and Madsen (2018) pointed towards the need for increased digital integration to achieve the potential 

of the 4IR. Similarly, meeting customer demand is a matter of integrated planning across the value chain 

(Hagemann, 2018). Digital integration is thus a means to address complexity in inter-firm transactions and 

thereby benefit from increased productivity, flexibility and efficiency of new production technologies. GVCs 

under the 4IR are bound to become more efficient (Larsen, 2018). 

 

Besides challenging the notion of inter-firm transactions, the 4IR also calls into question the nature of 

interactions. Whereas the tendency going towards digital integration challenges the information and 

knowledge transfer component of inter-firm transactions, the new data layer (Lehmacher, 2018) alters how 

such transactions take place. Considering interfirm interactions, the implication of an integrated CPS across 

organizations is the institution of unidirectional decision-making across companies (Madsen, 2018). Full or 

partial digital transparency across the value chain (Maestrelli, 2018) enables decisions that go beyond the 

individual nodes of the chain in a manner that is arguably separate from the notions of drivenness in the 

traditional GVC literature. Where drivenness captures lead firms’ influence down through the chain in a 

sequential flow, transparency enabled decision-making allows deciders to actively mediate interactions across 

all nodes simultaneously. With the introduction of a data layer, the complexity of the individual inter-firm 

transaction is captured and reduced through BDA. This in turn raises the question whether the new 

interconnected technologies provide means to handle complexity in the chain. Rehnberg and Ponte (2018) 
found that 3DP reduces complexity in production and potentially in the chain. The joint impact of technologies 

brings forth new ways of handling complexity which arguably challenges the complexity concept by calling 

into question the relevancy of complexity in the Age of ‘big and unstructured’ Data. Currently, chains need a 

human decision-maker, but in the medium to long term, that role can to a larger extent by carried out by 

technology (Madsen, 2018) which is capable of handling large, complex datasets. The cases of Li & Fung and 

FLEX affirm such trans organizational governance and brings to life the vertically digitally integrated lead 

firm (Larsen, 2018; Hagemann, 2018) which signals changing governance patterns going forward. 
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Table 12. Trends influencing Complexity in Inter-Firm Transactions and likely Outcomes, Authors’ own 

 

Codifiability  
Leaving critique of the traditional focus on individual transactions aside, the issue of codifiability brings 

another challenge to the governance concept. As established above, central to the identified change in the 

managerial common sense and in the new techno-economic paradigm is data. Fan (2018) argues that the digital 

changes the way of trade, and thus echoes Lehmacher (2018) in that the new thing is data. The underpinnings 

of the above outlined digital integration and transparency along the value chain is the ease with which 

codification takes place through the use of new technologies. 

”Intelligence and big data analytics and process start to capture the data from sensors 

on the shop floor – and you have the cloud and the service system integration and then 

you have the whole IoT connected products, which are basically setting some intelligence 

inside of your products and being able to track them down and knowing how they are 

going around.” (Maestrelli, 2018) 

Through the use of IoT it is possible to capture information and knowledge about the chain with much less 

effort and at a much lower costs (Madsen, 2018). Between 2015 and 2020, McKinsey estimates a decrease in 

costs of IoT of 50 percent (McKinsey Digital, 2015, p. 12). Falling costs of IoT means decreasing costs of 

codification to a point where, eventually, codification is no longer an issue. As indicated by Lehmacher (2018) 

and Madsen (2018), information has always been there, but with the new technologies we are now able to 

capture and use that information to a much higher extent. Thus, when discussing the new kind of trans firm 

decisions and interactions, it is not because there is a new and better algorithm that governance is challenged. 

Instead, the enhanced ability in obtaining data about the real world challenges the codification concept 

enhancing the scope of what can actually be codified. The ability to capture and codify more data underpins a 

change in how the chain is managed (Lehmacher, 2018). An increasing scope of codification poses a risk for 

actors as they, by codifying their data, makes it accessible for lead firms who can then take decisions without 

their input. Arguably, this creates a de-facto exclusion from decision-making. 

 

One of the most striking characteristics of data is its enabling role vis-à-vis the other technologies of the 4IR. 

Data generation, i.e. the codification of the real world e.g. the production landscape or the GVC, is the 

foundation for the emergence of CPSs. It is information captured and codified through IoT and other devices 

that allows for blending the digital and the physical which in turns underpin digital integration. When this 
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takes place in real time, machines can connect and interact with each other and “[…] a whole system starts 

optimizing itself” (Maestrelli, 2018). The centrality of data and accurate codification of information in the CPS 

was emphasised across interviews revolving around the 4IR (Larsen, 2018; Fan, 2018; Hesdorf, 2018; 

Lehmacher, 2018; Madsen, 2018; Maestrelli, 2018) as has also been showed above. In a governance context, 

it was perhaps Maestrelli (2018) who put it best by arguing that if the quality of data i.e. the codification of 

information, was poor, then the outcome, be it governance, quality, productivity etc. would be equally poor. 

Consequently, it is argued that the GVC governance concept to a larger extent should accommodate a changing 

nature of codification in the light of the centrality of data for governance under the 4IR. 

 

Albeit the analysis of codification highlights the importance of data, it must be noted that data generation is 

facing several obstacles before it really becomes the seemingly inexhaustible resource fuelling transformations 

of GVCs, governance and the economy. One such obstacle highlighted by several interviewees is the inability 

to capture data. Old production equipment constitutes an obstacle to data codification as it is not able to 

generate data (Madsen, 2018). Further, a lot of firms do not have the means to gather the data in a big pool 

which means that they cannot achieve the kind of large scale codified data that fuels a CPS (Maestrelli, 2018). 

Similarly, asset heavy companies are not familiar with using data and accordingly do not have the 

organizational capabilities in generating and codifying data (Hesdorf, 2018). Whereas these large companies 

previously benefitted from scale, that scale is now becoming a hurdle in acting on the 4IR (Hagemann, 2018). 

The different obstacles to proper data codification constitute an interesting finding as they indicate that not all 

companies can make the transition to become data codifying actors in GVCs which in turn could lead to 

marginalization. Given the centrality of data codification in enabling the benefits of 4IR technologies, this 

thesis argues that the obstacles to such codification brings forth the relevance of technological maturity. 
Table 13. Trends influencing Codifiability in Inter-Firm Transactions and likely Outcomes, Authors’ own 

  

Capabilities in the Supply Base 
For the final component of governance, because of the significant obstacles to data codification and the 

criticality of getting data right for digital value chain integration to occur, technological maturity in the value 

chain is likely to become a determinant of governance on par with actual transaction specific capabilities in 

the supply base. 

Trends Likely Outcomes

Codification through new technologies e.g. 
IoT

• Codification can take place with less effort and at lower costs. 
• Codification is likely to increase.
• The broadened scope of codification challenges the codification concept as it becomes an 

integrated part of CPSs.
• Increased scope of codification potentially excludes some data codifying actors from decision-

making.

The codification of the real world becomes 
the foundation for CPSs

• Codification becomes much more important in a governance context. 

A large proportion of companies are having 
difficulties in pivoting towards data 
codification

• Technological maturity becomes important in governance contexts.
• Marginalization of companies unable to codify data.
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Discussing competitive needs in the era of the 4IR, Hesdorf (2018) argues that there are organizational 

capabilities when it comes to handling data that even traditionally dominant players do not necessarily possess. 

Similarly, Madsen (2018) and Maestrelli (2018) do not observe the necessary prerequisites for taking 

advantage of the 4IR in a lot of their clients. In fact, what is seen, is a large gap between those who are most 

ready for the revolution and those who are not. This is arguably an indication of the differences in technological 

maturity across companies. Maestrelli (2018) observes that many organizations are not even at ‘industry 3.0’ 

and thus shouldn’t seek to jump on board the 4IR: 

“I just think that the maturity of many companies is so low that to take this step right now 

[i.e. move towards 4IR] will be suicidal. It is an overstretch and the practitioners on the 

shop-floor know that.” (Maestrelli, 2018) 

Lehmacher (2018) similarly touches upon the issue of technological maturity. Yet, unlike Maestrelli, he argues 

that technological maturity - the ability to connect - becomes the prerequisite for staying in business and not 

be pushed out of the chain. The supply base must have achieved a certain technological threshold for data 

driven orchestration to be efficient. The elimination of suppliers not living up to this is already unfolding 

(Hagemann, 2018). When confronted with this view on technological maturity, Madsen (2018) agreed that 

that to him was a likely scenario. Similarly, Fan (2018) contended that connectivity is the starting point for 

harvesting benefits of the 4IR. Although the interviewees disagree about whether companies should move on 

the 4IR agenda, these insights suggest that the technological maturity of the supply base becomes an important 

dimension of governance. In fact, the insights situate maturity as a requirement for participating in GVCs. 

Technological maturity links clearly with the finding of skilled labour as an asset and training as a necessity. 

The common sense shift towards human tech complementary necessitates that firms, in addition to the 

technological aspect of achieving technological maturity, also focus on the human side by bringing in skilled 

labour that knows how to use and complement new technologies (Maestrelli, 2018). 

 

Consequently, it is likely that technological requirements to the supply base are rising because of a new techno-

economic paradigm. In the Age of Data, with the implications it has for interfirm transactions, suppliers have 

to meet technological requirements on top of having the necessary capabilities for the particular transaction. 
 

Table 14. Mechanisms influencing Capabilities in the Supply Base and likely Outcomes, Authors’ own 
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Future Governance Mechanisms 
The investigation of the governance concept under the influence of the 4IR shows that the current state of 

governance dynamics does not accommodate technologically infused changes to a satisfying degree. In turn, 

the governance concept stands challenged. Thus far it has been argued that governance discussions largely rely 

on a technological and managerial common sense originating in the Age of ICT that does not fully capture the 

realities of the new emerging techno-economic paradigm. Albeit it is too soon to conclude on the future of 

GVC governance, it is argued that evidence has been uncovered that warrants further inquiry into the future of 

governance in GVCs. This section investigates the rise of data as a new governance dynamic and how that 

reshapes modes of governance. 

 

Data in GVCs and Implications for Governance 
The shift towards data intensity does have profound implications for the managerial and technological 

principles of business conduct. Thus, in GVCs, the conduct of governance is likely to change as well. The 

analysis suggests that governance to a larger extent becomes a matter of interacting across companies in GVCs 

where technological maturity and the ability to tap into and generate data are vital components. Data occupies 

a key position in the chain as it enables firms to move closer to their customers and achieve operational 

efficiencies. Consultancy reports discussing the 4IR tend to focus on the operational benefits highlighting costs 

savings of implementing advanced robotics, IoT, AIs etc. Yet, across all interviews it was made clear that 

customization and servicification are central components of the revolution too. In the above analysis of 

products and markets, this was uncovered. Thus, data has become increasingly important in the new techno-

economic paradigm as it in addition to bringing about productivity gains also enables companies to respond to 

the rise of the new competitive dynamics. Consequently, there are tendencies that data is becoming a source 

of power in GVCs that is likely to change the patterns of governance. 

  

Discussing the rise of data and the implications for how firms relate to each other; the thesis observes two 

opposite perspectives on data as power. On one hand, Maestrelli (2018) emphasises how the turn to data 

increases transparency across the entire chain. The transparency argument echoes the previously made point 

that IoT gives everyone access to data and thus increases the transparency of the entire production system 

across all activities (Gupta & Ulrich, 2017). Similarly, the idea of so-called democratization of intelligence in 

the GVC brought forward by Larsen (2018) and Lehmacher (2018) seems to imply a more level playing field 

in GVCs in the future because of the 4IR and its technologies. Cutting across these perspectives this thesis 

infers that data is seen as playing an empowering role that makes governance a matter of equals interacting 

across activities in a value chain. 
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On the other side of the argument, a contrasting perspective on the role of data emerged during the interviews. 

Due to the importance of data, data ownership becomes important. Because of the benefits of data i.e. knowing 

your customers and being able to respond effectively to customized ever-changing demand through flexible 

and effective production, Larsen (2018) also indicated less rosy governance implications arguing that the 

importance of data ownership would lead to more vertically integrated firms. In turn this implies the emergence 

of hierarchical governance modes due to the need to control data streams. In spite of pointing towards 

democratization in GVCs, Lehmacher (2018) similarly eluded that in some industries, the old world will be 

pushed out and instead platform based firms like Amazon or Alibaba will step in and integrate much of the 

value chain into their own company. To Hagemann (2018), these data driven platforms constitute one of the 

biggest challenges for societies as they concentrate power among few actors. Considering the 4IR as the 

convergence of industries (Hesdorf, 2018) highlights that new technologies allow previously unrelated firms 

to compete head on and integrate into each other’s industries, all because of the power of data. 

 

In between these different perspectives, this thesis finds a middle ground that provides a compelling argument 

for where the economy and in particular GVCs are going. From a value chain perspective, in light of the 

shifting common sense, an interesting trend is the abandonment of holistic value chain approaches in 

companies in return for a more scoped approach to value chain control (Hesdorf, 2018). Madsen (2018) 

seconds this move, arguing that the 4IR means that companies to a much larger extent have to specialize and 

cooperate. In a governance context, this points towards emerging partnerships among specialized firms. 

Consequently, increased transparency in the chain does not lead to a complete democratization of governance, 

instead it enables partnerships and cooperation among firms governing chunks of the GVC. Yet, elements of 

vertical integration remain in this governance model as these partnerships are likely to form across key nodes 

of data concentration with a system for final decision making about production. 

“[…] I think you will have nodes in the system […] points of aggregation and analysis 

and then you have a kind of system governance about how to take the final decision.“ 

(Lehmacher, 2018) 
 

Thus, the discussed structural shift towards digital integration will have a central influence on the form of 

governance in future GVCs. Governance becomes a dual game played out first between nodes of data 

aggregation in the chain and second between the node of aggregation and satellites to that node. The traditional 

sequentiality inherent in GVCs is thus replaced by iterative interactions through data in and between networks 

(Hagemann, 2018). 

 

Considering the governance modes in this dual game, the analysis of the three determinants of governance 

reveals that complexity of inter-firm transactions increases with increased fluidity in inter-chain interaction. 

Furthermore, the discussion of codifiability suggests that codifiability will be equally high. Finally, the analysis 
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of capabilities in the supply base provided evidence that some agents in the chain, likely to be those occupying 

the nodes of aggregation, have high technological capabilities, while other actors, those not sitting on central 

data points, are likely to be less capable. Consequently, the thesis argues that the governance pattern between 

agents at the nodes of aggregation will move towards a more modular governance type, whereas the 

governance pattern between the nodes and the network will take a captive form (Gereffi et al., 2005, p. 87). 

These new dual governance patterns mixing modular and captive governance are illustrated on a conceptual 

level in figure 13. 
Figure 13. A Conceptual Depiction of likely New Governance Patterns, Authors’ own 

 
In addition to governance duality, the thesis finds that data changes the static nature of governance. In the 

aftermath of the collapse of Washington consensus and the financial crisis, GVCs were seeing consolidation 

on both the supplier and buyer side changing power dynamics in GVCs and thereby the nature of governance. 

Having previously been about managing many small specialized suppliers, governance became a matter of 

coordination between fewer, but larger suppliers (Gereffi, 2014, p. 15). Arguably, the rise of data is causing 

yet another governance shift, making the governance relation more dynamic. In the interconnected, 

interdependent and self-optimizing character of CPSs, as has been reviewed above, and emphasised by 

interviewees, the component of self-optimization implies that static GVCs are becoming a thing of the past. 

Whereas previously decisions on the few suppliers were taking on a five-year basis, the increased transparency 

in the chain and the increased analytical capabilities of the new technologies allow for continues reassessment 

of the supply base. Consequently, the initial supplier decision becomes ongoing and changing depending on 

supplier performance and technological capabilities (Lehmacher, 2018). Such dynamic governance raises the 

bar for suppliers and the capabilities in the supply base have to continuously meet the performance and 

technological maturity criteria of higher-level players in the chain. 
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Future Lead Firms and Multipolar Governance 
The above analysis of data-enabled future governance mechanisms has consequences for the kind of lead firms 

that will govern GVCs going forward. Although firm size is likely to continue to matter in determining lead 

firms, the fact that data fuels the benefits of the 4IR means that data driven companies are likely to take 

dominant positions in GVCs. Considering lead firms, Hesdorf (2018) emphasises that: 

“It is perhaps much more about what kind of value you bring [to the chain], what kind of 

data you sit on, have access to and what kind of capabilities you bring to the table.” 

Consequently, lead firms in GVCs of the 4IR are those who sit on strategically key activities of the chain i.e. 

the points of aggregation. With competitive dynamics such as customization and time to market, the customer 

facing activities are likely to be the source of important data (Hagemann, 2018). Similarly, R&D and design 

activities, because they have to be costumer driven, will generate data, but also nodes in the production pillar 

of the GVC will become important as data on manufacturing and production activities becomes the means of 

achieving the necessary flexibility and speed in meeting customer demand. 

 

The pivot towards data as a source of power in GVCs underpinning lead firms implies that not only large firms 

can become lead firms, smaller organizations can also take central positions in the GVC depending on their 

ability to leverage data capabilities (Hesdorf, 2018; Madsen, 2018). Consequently, GVCs where small firms 

are capturing a significant amount of the total value added are likely (Madsen, 2018) because the ability to 

analyse data is not dependent on the physical size of firm operations. Yet, as scale continuous to be an 

important factor, the governance between larger players as indicated by Gereffi (2014), in his investigation of 

the future dynamics of GVCs after the financial crisis, is likely to persist. Considering the relationship between 

lead firms and follower firms, the discussion of technological maturity and the observation of an increasing 

gap between leaders and laggards (Madsen, 2018; Maestrelli, 2018), suggest that the gap across which 

governance takes place is widening. Although developers of the new technologies claim that implementation 

is a matter of plug and play, that is far from being the case (Madsen, 2018). Besides the technological and 

digitalization hurdles companies have to climb e.g. connectivity (Fan, 2018), getting the people dimension of 

the 4IR right is going to be an equal if not more difficult task (Maestrelli, 2018). The heralded 4IR thus holds 

the potential to increase the gap between the governor and the governed and strengthen the captive governance 

form, an issue which will be discussed further in terms of implications for the smiling curve and development. 

Across interviewees there was a clear perception that new technologies, although bringing about the promise 

of great gains, also bring potentially exclusionary consequences for those not able to respond. When you master 

data “Then you are ready to drive back in your value chain and bring more of it [data] with you and then you 

could push them you are not interconnected to out [of the chain]” (Maestrelli, 2018). Technology is likely to 

become the baseline for competition. 
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“When we sit in Mærsk and discuss what technology we need in logistics it is based on 

the assumption that in five years everyone will have access to that technology and those 

who don’t will have a significant disadvantage.” (Hagemann, 2018) 

 

Because of multiple points of data aggregation along GVCs and data as an important source of power in 

governance, this thesis argues that the 4IR is likely to accelerate the move away from traditional uni-polar 

governance, that began after the financial crisis (Gereffi, 2014), towards more multipolar forms of governance 

where multiple actors interact in complex governance patterns (Ponte, 2014, p. 359). Multipolarity arises not 

only because of different points of aggregation along GVCs, it is also a likely outcome of the fact that 

geographically, there are different leaders within different technologies. Looking at e.g. AI, leaders are 

companies such as Google and Baidu (Bughin et al., 2017) indicating that Europe is falling behind (McKinsey 

Global Institute, 2018) although Europe generally exhibits higher degrees of technological maturity than 

developing countries (Maestrelli, 2018). The 4IR is not exclusionary a Western phenomenon (Hesdorf, 2018), 

in China the “Made in China 2025” and “Internet+” are strategies that like the German Industry 4.0 seek to 

position China at the forefront of the 4IR of advanced manufacturing and connectivity (The State Council - 

The People’s Republic of China, 2018a, 2018b). Thus, the journey to adopt and benefit from the technologies 

of the 4IR is similar, regardless whether the company is e.g. Chinese or Western (Madsen, 2018). Another 

likely driver of multipolar governance is the competitive dynamics of customization and servicification. 

Although customers are situated outside the chain, these new competitive dynamics bring in the end-customer 

in the production process (Larsen, 2018) leading to co-creation of value between the firm and the customer. 

Consequently, with the emergence of a new techno-economic paradigm and the implications for competitive 

dynamics, governance is likely to expand across chain boundaries. 

 

Thus far, the thesis has uncovered mechanisms that are going to change how governance plays out in the future 

of GVCs. It seems that the traditional governance understanding in the GVC literature is going to be 

challenged. The next section draws on these insights but more specifically analyses the likely implications of 

a new techno-economic paradigm for the distribution of value added in GVCs. 

 

Smiling no more? 
“When I start focusing on the outcomes for the customer, it demands of me to broaden 

the scope on my value chain. So instead of focusing on efficiency through the chain, I 

need to focus on value for the customer.” (Hagemann, 2018) 

The new chain dynamics that come with the move towards more interconnected and iterative value chains 

required under the new managerial common sense, have likely implications for the distribution of value along 

the smiling curve. First, this section discusses value in the three pillars of production and the length of chain 
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in the light of the changing competitive dynamics. Second, an analysis of potential geographical implications 

of redistributed value in the chain is presented with special attention to likely new determinants of location 

choice and the role of labour in this. 

 

Pre and Post Production Pillars 
The analysis of managerial common sense found that when data becomes the core input, it allows firms to 

better meet the needs of their customers. Leveraging data insights they can optimize their offerings and provide 

more value to customers (Hu et al., 2017). This dynamic was confirmed by interviewees who repeatedly 

highlighted how a new competitive reality will incentivise firms to refocus their global activities. According 

to Madsen (2018) the application of 4IR technologies will first occur in the pre and post production pillars of 

the smiling curve. 

“[…] the surrounding activities [pre and post production pillars] will start to create more 

value compared to the bottom activities [production pillar] they are better positioned and 

perhaps more willing to take advantage of new technology.” 

He later highlighted one other key reason for why these activities are increasing their value creation: “[…] 

they have simply collected and used more data” (Madsen, 2018). Hagemann (2018) echoed these points and 

highlighted that the pre and post production pillars have a mutually reinforcing effect in terms of value 

creation: 

“Value creation will be found in your ability to innovate and you customer intelligence. 

It is critical that you have these two close together” 

Arguably, both Madsen (2018) and Hagemann (2018) imply that future value creation is likely to increasingly 

take place in the ends of the chain. Innovation is a pre-production activity while consumer insights stem from 

post-production activities. Interestingly enough, Hagemann (2018) highlights the importance of having these 

activities closely connected, which has implications for the length of the smiling curve – a point this thesis will 

return to. 

 

Combining Hagemann’s (2018) and Madsen’s (2018) insights, it is clear that the ability to connect activities 

depends on the volume of data present. When data is generated at the ends of the smiling curve, then 4IR 

technologies - empowered by data - enable firms to create more value from these activities, thus suggesting an 

increased in value added. Hagemann (2018) put this value creation clearly when confronted with a graphical 

depiction of the smiling curve where he emphasised that the difference between the bottom and sides of the 

smiling curve is going to be even greater in the future. 

 

Hagemann thus echoes the previous findings of the analysis of 4IR technologies (table 10) which demonstrated 

how there are clear value added applications in the pre and post production pillars and how these support each 
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other. Data collected in the post production pillar provides valuable insights into the how R&D, Design and 

Product Development should be directed in the future which enable firms to come closer to consumer 

preferences. Remembering the example from the analysis of the 4IR technologies: A Tesla today is not the 

same Tesla in a year as post-sale R&D, based on post-production data, finds its way into the car leading to 

after-sale physical enhancements through software updates. Consequently, innovation that has not happened 

yet will impact the products already sold and that innovation can have real-time impact on a physical good. 

Furthermore, the ability to invite customers into the development process to become co-producers also 

signifies an increased value creation in the pre production pillar (Larsen, 2018). 

 

Similarly, the trends of customization, flexibility, time-to-market and servicification have an impact on value 

creation in the post production pillar. The ability to supply added value to customers provokes the need to 

develop capabilities in both Distribution, Sales and Customer Service individually, but also in the ability to 

connect these activities to a degree such that firms can compete in the Age of Data - as Hesdorf (2018) argues: 

“To a higher and higher degree, value is created in customer interaction and customer proximity”. This again 

plays into the role of data, as customer inputs are going to be key in these activities. Remembering the analysis 

on the technologies of the 4IR (table 10), technologies play a great role in enabling the full utilization of data 

to supply the added value customers increasingly expect as the 4IR move deeper into the installation phase. 

Taking these findings together, as the new managerial common sense influences more and more industries in 

tandem with the 4IR moving towards deployment, it will gradually create an upwards push in value added of 

the activities within the pre and post production pillars of the smiling curve as these simply become more 

important for firms to compete. 

 

Production Pillar 
As argued by Dosi (1982, p. 155) and Perez (2010), the installation of a new technological revolution implies 

a competitive coexistence between the previous paradigm and the emerging paradigm. In the production pillar 

of the smiling curve, the notion of competing paradigms is likely to materialize in the splitting of the 

manufacturing activity into traditional low-value adding manufacturing of the ICT era and 4IR manufacturing 

- the ‘smart production model’ outlined in the new common sense (figure 11). This spilt was indicated by 

Madsen (2018) who when considering the location of production in GVCs argued that: 

“What I believe is going to happen is, let’s take Nike as an example, you are going to 

produce a basic shoe in the low-cost countries in the East, but the whole customization 

part will be put much closer to the main markets […] This means that you will have a 

combination of the mass-produced cheap standard good and an expensive 

customization activity which will be done close to the customer” (Madsen, 2018, 

authors’ emphasis) 
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This statement demonstrates the coexistence of an ICT paradigm and an ‘Age of Data’ paradigm. It is 

highlighted how manufacturing in the 4IR will be split into the mass production of basic goods, a production 

model well known today, and a much more advanced mode of production that, by being integrated with more 

customer facing activities, delivers higher value to the customer through e.g. customization. Another indicator 

of co-exiting paradigms is Hesdorf’s (2018) discussion of scale in robotics. The statement “[…] there is also 

scale in robotics” testaments to economies of scale and its continued relevance going forward. Holding all 

things equal, substituting robots for labour does not add value and thus does not transform manufacturing into 

a significantly higher value creating activity. The shift occurs when “[…] it is no more about economies of 

scale. The logic is shifting, and it is no longer a matter of reducing marginal costs by increasing output. It is 

about value for the customer. This however does not mean that you don’t have to be efficient. It is just not 

enough” (Hagemann, 2018). Thus, it is about a change in how technology is used to deliver higher value to 

customers. It is about having a much more flexible and speedier production (Madsen, 2018). The smart 

manufacturing activity becomes an integrated part of delivering customized products to customers. Thus, what 

distinguishes the two manufacturing activities is the extent to which new technologies are deployed in 

accordance with the shift in the managerial common sense. 

 

Considering Maestrelli and Madsen’s (2018) observations that most companies are far from industry 4.0 

underlines that the 4IR is only in its installation phase. There are up until now only few examples of companies 

carrying out 4IR manufacturing. One example is Adidas’ Speedfactories (Green, 2018) where the goal is to 

offer customers full customization without Adidas sacrificing time-to-market for its products. In fact, the 

factories, by deploying a combination of new technologies e.g. industrial robotics and 3DP, potentially cut 

time-to-shelf from between two to three months to just one day (The Economist, 2017). Although rising labour 

costs in Asia is a part of the explanation behind Adidas’ new factories, the primary motivation is to bring the 

product closer to customers and eventually allow them to design and co-produce their own specific shoes 

(Green, 2018). Adidas’ factories exemplify the new manufacturing activity made possible by the 4IR and a 

successful deployment of new technologies in accordance with the emerging managerial common sense. The 

factories are not about costs (although these are also decreased), instead they are about offering additional 

value to the customer. This is what makes them higher value adding than traditional manufacturing and 

assembly aimed at mass production. 

 

In the discussion of 3DP in GVCs, Rehnberg and Ponte’s (2018) two ideal type scenarios tell a similar story 

about two types of manufacturing activities in the acknowledgement that their two scenarios may co-exist. The 

above analysis, by taking a technological paradigm perspective, demonstrates how this co-existence of 

different manufacturing activities, one being low-value adding, the other being high-value adding, is a product 

of an installation phase in which two techno-economic paradigms co-exist. The analysis thereby nuances 
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Rehnberg and Ponte’s (2018) arguments through the splitting up of manufacturing activities allowing for the 

coexistence of manufacturing activities in the smiling curve. Looking beyond an installation phase of the new 

technological revolution, the interviews provided less evidence about the fate of manufacturing activities and 

the split in the installation. Yet, Madsen (2018) indicated a likely gradual lift of the bottom of the smiling curve 

as eventually, companies adopt a new managerial common sense and thereby start to offer additional value to 

customers and become higher value adding. Thus, as the 4IR moves through the installation phase towards 

deployment and more firms adopt new ways of manufacturing and assembling, the smiling curve will become 

more smirking (Rehnberg & Ponte, 2018). Hesdorf (2018) nuances this dynamic in the chain arguing that some 

manual activities, albeit few in sheer numbers, will persist thus telling a story of a chasm that in its upward 

move will also be shrinking. 

 

Length 
The digital integration of dataflows in future value chains forces firms to cooperate in new ways which blurs 

the boundaries between them (Strange & Zucchella, 2017). Dataflows make firms more iterative in their value 

chain activities which in turn has immediate consequences for the arguably sequential assumption of the 

traditional smiling curve. Digital integration challenges the traditional sequential flow of the value chain where 

firms develop a product, manufacturer it and then sell it (Hagemann, 2018). The analysis of Products and 

Markets, indicated that consumer insights are included in real-time at every activity along the value chain 

(Larsen, 2018; Hu et al., 2017; Sirkin, Zinser, & Ryan Rose, 2015). According to Hagemann (2018), although 

traditional push chains characterized by separated activities that operate sequentially will continue to exist, 

more value chains are going to resemble iterative networks. It therefore seems that just like digital integration 

blurs boundaries between firms, a similar blurring of activities in the value chain is likely to take place: 

“More and more industries will implement a scrum like approach where there will be 

constant movement between design and development […] where the customer will be 

included along the way […] you will see more basic products in the market that then will 

be updated and iterated over time to meet customer wants” (Hagemann, 2018) 

Hagemann (2018) echoes Linton and Handfield (2017, p. 17) who argue that in the same way processes on the 

shop-floor of a smart factory constantly change in relation to real-time data, so will GVCs resemble more of 

an integrated and transparent network of suppliers that all tap into the same data stream enabling lead firms to 

orchestrate activities. Such iterative approach to value chain management challenges the sequential order of 

value chain activities. The nature of real-time integrated management births a value chain with constantly 

interacting activities that work in close cohort in providing more value to the costumer. In turn, determining 

the value added of separate activities becomes difficult. Lower value-added activities will converge with higher 

value-added activities which empower them both making the sum higher value added and pushing the smiling 

curve upwards. To capture this effect, the smiling curve will gradually become shorter over time as this 
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integration of activities intensify. Those activities that represent the lowest degree of integration at any time 

add little value which plays into technological minimum requirements of actors who want to integrate into the 

GVCs of the 4IR. 

 

Figure 14 summarizes the analysis of the distribution of value added in GVCs in the 4IR. Vis-à-vis the 

traditional smiling curve, the emerging new curve takes the shape of a chasm. The pillars of pre and post 

production are influenced by the mechanisms going towards customization and servicification that clusters 

value creation at the ends of the GVCs. Activities are to some extent overlapping due to the foreshadowed 

higher degree of digital integration and iterative nature of GVCs which push together the pillars – this is 

pictured in figure 14 as arrows becoming shorter and activities shown closer to each other. The implications 

of being in the installation phase of a new techno-economic paradigm with an emerging managerial common 

sense is the split between basic low-value adding manufacturing activities which persist from ICT smiling 

curve and high-value adding 4IR manufacturing activities which to a higher degree is tightly coupled with the 

pre and post production activities in delivering satisfying outcomes to customers. The outcome of co-existing 

paradigms is a chasm in the value-added curve. As the new technological revolution moves towards its 

deployment phase, a paradigmatic perspective implies that the chasm space will be reduced, thus, overtime the 

relative difference in value added between the three pillars of production in GVCs is likely to diminish. 

Ultimately, basic manufacturing, assembly and packaging will be substituted by higher value adding 4IR 

manufacturing as was also implied by Rehnberg and Ponte’s (2018) scenario of 3DP as a substitute. 

 

It is important to note that the pressures that are uncovered here are exactly that – pressures. This thesis does 

not mean to suggest that all value chains will move towards this chasm shape and experience the same degree 

of upwards pressure. The pressures will be most pronounced in sectors where 4IR technologies have the 

highest degree of implementation. Yet, unlike Rehnberg and Ponte’s (2018) suggestion of two co-existing 

scenarios which is largely informed by varying degrees of applicability of only 3DP, this analysis’ 

consideration of the joint impact of the converging technologies of the 4IR makes the smirk scenario a more 

likely end result. The converging technologies have a wide range of applications exceeding that of 3DP and 

thus moves beyond the idea of limited applicability. Instead, subscribing to the idea that the 4IR is going to 

reshape industries as we know them today, the idea of a smirking smile seems all the more convincing across 

industries. 
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Figure 14. The Restructuring of the Smile Curve - The Chasm before the Smirk, Authors’ own 
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Geographies of GVCs 
When different activities increase their value contribution to the end-product those activities become more 

important to lead firms. A natural consequence of the new competitive dynamics is to locate key activities in 

proximity to main markets (Geissbauer et al., 2017). As has been alluded to in previous sections, the new 

competitive reality will have significant impact on the geographical organization of GVCs. A key take-away 

from the interviews was the suggestion that it becomes increasingly likely that GVCs will become more 

regional in nature. This was first implied by Paludan-Müller (2018) who observed that outsourcing, which has 

been a main driver behind the deepening the smiling curve, is in a “[…] trough of the wave.” Each end-market 

will see lead firms locate more activities in their immediate proximity. Larsen (2018) believes that GVC 

researchers need to take this trend into account: 

“[…] we can see the conjures of a restructuring of the global value chain towards 

regional markets. This is where the GVC literature will move. The researchers will have 

to consider that there is no longer the need for global chains but more a regional focus.” 

(Larsen, 2018) 

The regionalization of GVCs are already a warm topic amongst business actors. In an industrywide survey 

conducted by PwC, three quarters of responding production companies who plan further investments in digital 

factories name regionalization of manufacturing as a main investment reason (Geissbauer et al., 2017, p. 6). 

According to the survey, the regionalization of manufacturing is key in unlocking the ability to deliver 

individualization and personalization in product offerings and thereby staying competitive (Geissbauer et al., 

2017, p. 9). 

 

However, Larsen (2018) and Madsen (2018) emphasised that new competitive dynamics will not lead to a 

complete withdrawal of manufacturing from traditional low-cost labour markets e.g. Asia. For a time, there is 

still a wide spectrum of products it makes economic sense to outsource. Yet, as the techno-economic paradigm 

moves towards deployment that array of products will shrink with the shrinking chasm space. Still, Larsen’s 

(2018) and Madsen’s (2018) warnings indicate that technological progress will also occur in the East. The 

technologies of the 4IR also enables outsourcing providers to maintain their competitive advantage through 

automation (Hesdorf, 2018). Outsourcing providers can thus continue to entice companies to outsource low-

value added manufacturing to them through emerging technologies: 

“We are going to see a scenario in-between. Part of the value chain will be taken home, 

but there will also be parts that still – to great advantage – will be put in low-cost 

countries.” (Hesdorf, 2018). 

This brings up an interesting insight into how companies will geographically distribute their GVCs. It implies 

that there are new determinants for location choice. Hagemann brings an interesting insight into what he 

believes will be the new determinants of location of production: 
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 “Efficiency will in the future not depend on the cost of labour […] Going forward the 

most important elements of efficiency will be the cost of energy, proximity to markets and 

access to natural resources” (Hagemann, 2018) 

This leaves a scenario where the kind of high-value adding manufacturing relevant in customization, 

flexibility, time-to-market and servicification is more likely to be ‘reshored’ to serve regional end-markets. 

The remaining lower-value added manufacturing jobs are being automated yet remain where they are today 

because of scale in robotics (Hesdorf, 2018). Following Hagemann (2018), activities might also relocate to 

where electricity is cheap or where the access to basic resources is best. Therefore, under the 4IR, likely new 

location advantages could be determined by proximity to markets, the price of energy and access to resources. 

Thus, following Hagemann, going forward location decisions and thereby the geography of GVCs will be 

determined by factors other than that of cost of labour which is rendered insignificant by technological 

advances. 

 

The Role of Labour  

As 4IR technologies enable lead firms to reshore activities to secure better customer proximity and outsourcing 

providers to maintain their competitive cost position, the question of where this leaves the role of labour arises. 

Traditionally, the cost of labour has been the deciding factor in where to locate manufacturing activities 

(Hagemann, 2018). However, as previously found, the new managerial mindset in the Age of Data coupled 

with easier access to automation technologies seems to challenge the well-established link between basic 

manufacturing and low-cost labour (Strange & Zucchella, 2017). Hagemann (2018) points to technology 

becoming a direct threat to low-cost labour and thereby suggested that the installation of the 4IR accelerates a 

race between labour and the ability to substitute it. Recent reports by MGI (2017a, 2017b) suggest that 

activities consisting largely of predictable physical tasks, e.g. assembly and basic manufacturing, are highly 

automatable (81 percent of the tasks) and thereby supports Hagemann’s perspective. Likewise, the Future of 

Jobs Report (WEF, 2016) expects annual compounded employment change within manufacturing and 

production between 0,79 percent in Health Care industries (as the only industries with positive outlooks) down 

to -3,57 percent in consumer industries between 2015-2020. Statistics on employment effect of technologies 

(e.g. MGI, 2017a, 2017b; WEF, 2016) are arguably biased towards more advanced economies and thus does 

not consider employment effects in e.g. Africa. Yet, what is striking is the insights into the general job creation 

mechanisms and the role of labour in the 4IR. Arguably, substitutability of labour in manufacturing and 

production activities in the advanced world implies that going forward, those kinds of jobs will not migrate 

towards developing countries because they are never created (Hallward-Driemeier & Nayyar, 2017, pp. 135–

136). As the 4IR matures in the installation phase, predictable routine jobs are being substituted by 

technological solutions such as robotics, 3DP and AI. In turn this increases demand for labour carrying out 

more abstract tasks complementary to the technology (largely those located in higher-value adding activities). 
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In the lower value added activities of GVCs only tasks that cannot yet be substituted for technology remains 

(Acemoglu & Autor, 2010; Autor, Levy, & Murnane, 2003). 4IR technologies thereby polarize jobs in GVCs 

as jobs are created only in high value adding activities while low value-added activities see little to no job 

creation when the new technologies are implemented. Figure 15 illustrates this dynamic. From a job creation 

perspective, in the smiling curve there is an upwards moving labour substituting line which signifies 

technology’s advance and its impact on job creation. 
 

Figure 15. Job Creation in the Installation of a New Techno-Economic Paradigm, Authors’ own 

 
 

The idea of an upwards moving labour substituting mechanism in the chain provides insights into the future 

of jobs in GVCs. As the 4IR matures, the higher the need to up-skill workers to remain relevant. It therefore 

shows how upskilling is not an ‘investment’ as such, but a necessary condition for staying competitive – both 

for the individual worker and for firms themselves. The labour substitution line suggested here shows how, in 

the Age of Data, high-skilled labour will become more in demand while low-skilled labour is gradually being 

replaced by technology. 

 

Chapter sum up: Restructuring GVCs 
This chapter has investigated the impact of the 4IR on GVCs through the notions of governance and the smiling 

curve. The analysis of governance in the Age of Data demonstrated how the current governance concept lacks 

tools to properly consider the mechanisms of technology in GVCs and consequently, the thesis has investigated 

likely new governance patterns. The consideration of the distribution of value added in the 4IR showed that a 

reshaping of the smiling curve is likely to take place alongside the maturing of the 4IR as a technological 

revolution. This, in turn have implications for geography of GVCs and future job creation mechanisms. Taking 

these findings together, this thesis can now move on to discuss them in a development context. Considering 
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the new smiling curve, and the pressures it is subject to, well-established participation and upgrading 

opportunities seem to be challenged. This is a discussion that this thesis will now turn to. 
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7. Implications for Development  
The investigation of the 4IR and the implications of it for GVCs has revealed tendencies that challenge the 

traditional view held on global economic organization. The analysis of governance and the smiling curve under 

the influence of the 4IR suggests that changes are on the horizon, changes that are already beginning to 

materialize. Where it was possible to arrive at these insights through analysis, the implications for development 

are less prone to such investigation. After all, it is difficult to assess how developing countries are responding 

to the 4IR. However, it is possible to discuss how the foreshadowed changes in GVCs are likely to alter 

participation and upgrading dynamics in GVCs and thereby the ways in which development in both economic 

and social terms can be achieved. Participation and upgrading dynamics are heavily intertwined with both 

governance and the smiling curve, and thus previous findings beckon discussion of these concepts. As has 

been argued above, technological revolutions and techno-economic paradigms install technological trajectories 

that define the direction of progress. Based on complementary assets firms and countries choose and embark 

on these trajectories in the hope of achieving prosperity. This becomes relevant when discussing participation 

and upgrading dynamics in the 4IR as it implies that certain trajectories are better than others and also that the 

choice of trajectory is not entirely free. 

 

To exemplify the discussion, the thesis brings in the case of the African Development Bank’s (AfDB) 

development policies which, in this thesis’ opinion, are partially based on the traditional GVC approach to 

development. It is thus discussed how such policies will fare given the uncovered upcoming changes in the 

functioning of GVCs. The discussion further draws on opinions by interviewees on the prospect of African 

development. In bringing in the AfDB in the discussion of how technological change in GVCs alters 

participation and upgrading dynamics, the thesis answers the final sub question of the thesis. 

 

The High 5s of African Development 
“Ladies and Gentlemen, five priorities will shape our work at the Bank under my 

Presidency as we advance the implementation of the Bank’s Ten Year Strategy: Light up 

and Power Africa. Feed Africa. Integrate Africa. Industrialize Africa. Improve quality of 

life for the people of Africa.”- AfDB President, Akinwumi Adesina (2015) 

In 2015, the AfDB launched a new development approach outlining five priority areas for the institution and 

African development. These ‘High 5s’ are aimed at transforming the lives of African people and lift them out 

of poverty (AfDB, 2018d). This thesis argues that although there is novelty in this new development approach, 

many elements rely on the idea that economic and social development can be achieved through upgrading in 

GVCs. Thus, development discussion in Africa has shifted from being about poverty reduction through aid 

towards development through trade (Bolton-Smith, 2018). This section reviews the latest publications of the 

AfDB to demonstrate how GVC ideas and concepts are present in its development approach. In particular, the 
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thesis considers the area ‘Industrialize Africa’ as it, by the president of the AfDB, is deemed the heart of the 

High 5s (AfDB, 2018c, p. 4). 

 

‘Industrialize Africa’ is a central component of the new development strategy as it signals a break with Africa’s 

previous dependence on natural commodities. Between 2002 – 2007, natural resources, directly and indirectly, 

accounted for 32 percent of real GDP of Africa (Leke, Lund, Roxburgh, & Wamelen, 2010). In 2016, looking 

at the sectoral composition of employment, more than 50 percent of employment was in the agricultural sector 

(AfDB, 2018a, fig. 1.5). Due to historical dependence on commodities, African industries are relatively 

undeveloped adding only 700 USD per capita whereas Latin American and East Asian industries add 2500 

and 3400 USD respectively (AfDB, 2018c, p. 7). Through industrialization, AfDB (2018c) hopes to increase 

the value created in the economy and for this reason industrialization is key for development. For the purpose 

of this thesis, it is interesting that the AfDB in its discussion of industrialization seems to rely on GVC 

concepts. In fact, the AfDB argues that industrialization is the way to development because it generates 

activities along value chains (AfDB, 2018c, p. 7). To the AfDB, industrialization is important because it allows 

African nations to escape low-value adding resource extraction activities and instead upgrade towards higher-

value adding activities in GVCs.  

 

In the 2018 Annual Development Effectiveness Review, the President of the AfDB nails down the connection 

between industrialization and GVCs. 

” The foundation for sustainable development in Africa has to be industrialisation. Africa 

cannot achieve its goals just by exporting raw materials. It needs to move up global 

value chains, adding value to all its production to generate jobs and prosperity for 

Africans.” (Adesina in AfDB, 2018b, p. 1, Authors’ emphasis) 

In the review, it is further argued that although Africa has made improvement towards industrialization, certain 

industrialization indicators e.g. industrial output, global competitiveness and economic diversifications are not 

improving in spite of the AfDB’s development efforts7. This same warning was made by the International 

Monetary Fund who found that Sub Saharan African countries are experiencing a slow transformation into 

high productivity sectors (Fox, Thomas, & Haines, 2017, pp. 2–3). The AfDB (2018b, p. 16) is addressing 

these challenges through operations that promote the establishment of corporations along GVCs. In fact, it 

seems that the AfDB sees GVC-aimed development efforts as particularly favourable. According to the AfDB, 

Africa is well positioned to approach GVCs as a growing labour pool and rapid urbanization provide new 

opportunities for industries that can supply growing consumer markets and thereby participate in GVCs. Each 

year, 10-12 million young Africans join the labour market ready to be leveraged by foreign and domestic 
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investors and urbanization fuels productivity twice that of the countryside because of better infrastructure and 

a forward-looking young population (AfDB, 2018b, p. 13). Summing up and looking forward, the AfDB 

concludes that Africa is at a moment of opportunity, where a young, growing, urbanized population in 

combination with natural resources provide means through which African leaders can bring about development 

in Africa by capturing more of the value from GVCs (AfDB, 2018b, p. 71). 

 

The inherent opportunity of a growing labour force was echoed at the recent annual meeting in Busan  

“This demographic dividend – if properly harnessed – offers the continent an incredible 

opportunity to build a strong labour-intensive manufacturing base.“ (Oladokun, 2018) 

As this thesis has argued, the 4IR is bringing about technologies that enable automation of tasks and activities 

to an unprecedented degree. Consequently, the AfDB’s emphasis on labour as the foundation for 

industrialization, GVC participation and upgrading is troubling. Yet, exactly this view is repeated again in the 

African Economic Outlook 2018 Report by the AfDB’s lead economist and vice president Celestin Monga. 

This outlook also emphasises that the demographic divide between Africa, which by 2060 is expected to have 

a labour force of 2 billion people, and the rest of the world, which is expected to have significant labour 

shortages, constitutes an unique advantage for the African continent (AfDB, 2018a, p. XV). It is recognized 

that the technological advancements of the 4IR within AI and robotics could reduce the value of a large labour 

force unless Africa invests heavily in training (AfDB, 2018a, p. 48). Arguably, this indicates that the changes 

brought about by the 4IR is no novelty to the AfDB. 

 

In spite of recognizing the inherent challenges and changes of the 4IR, this thesis notes that the AfDB 

seemingly does not consider whether the revolution changes the functioning of GVCs and thereby the 

development mechanisms in them. Addressing the issue that African employment has not kept pace with the 

growth of the labour force, the AfDB argues that:  

“Global trade and value chains operating around the planet open new opportunities to 

poor countries, just as the “graduation” of large manufacturing centres like China 

relinquishes low-skilled employment for poorer economies” (AfDB, 2018a, p. 51) 

The GVC way of approaching development i.e. through low-cost value adding activities e.g. assembly, to the 

AfDB is a way by which African jobless growth can be mitigated. Furthermore, the AfDB recommends the 

establishment of economic zones and industrial parks to circumvent lacking infrastructures and thereby 

facilitate the development of globally competitive firms that can provide employment for a labour force with 

low skills (AfDB, 2018a, p. 55). The GVC language in this recommendation, albeit less obvious, is clear. 

Through the use of Export Processing Zones (EPZ), Africa can join GVCs and gradually upgrade its way into 

competitive positions while creating jobs using low-skilled cheap labour as the entry means. 
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This thesis observes a striking resemblance between the AfDB’s development recommendations and what has 

previously been seen in East Asia and China. Looking at the origin of the African strategy by simply checking 

the references of those recommendations, it seems that both the emphasis on low-cost labour and EPZs can be 

partially traced back to Justin Yifu Lin, the senior vice president and chief economist of the World Bank. In 

2011, Lin held the lecture “FROM FLYING GEESE TO LEADING DRAGONS” arguing that economic 

development is a matter of industrial and technological upgrading based on comparative advantages and 

national endowment structures (Lin, 2011). Because China is graduating from low-skilled, manufacturing jobs, 

Africa now has the opportunity to take a similar upgrading route because the upgrading of China leaves a hole 

in the market for low-cost low-skilled manufacturing (Lin, 2011). Looking at the quote from the AfDB (above) 

the resemblance is obvious. Furthermore, it is interesting that Lin in his lecture thanks Célestin Monga for 

support in the preparation of the lecture, the very same chief economist of the AfDB in charge of supervising 

the Economic Outlook Report. Considering this relationship, it seems that the recommendation of escaping 

lacking infrastructures through special economic zones and industrial parks is lifted directly out of the book 

“Beating the Odds” co-written by Lin and Monga (2017). The book argues that EPZs can be used by 

developing countries: 

“[…] to attract light manufacturing from more advanced economies, as East Asian 

countries did in the 1960s and China did in the 1980s” (Lin & Monga, 2017) 

The ties between Lin and Monga have seemingly found its way into the AfDB’s wider development 

recommendations. Consequently, parts of Africa’s industrialization strategy are inspired by experiences of 

what occurred in South East Asia and China in the latter half of the 20th century. This logic of a flying geese 

pattern for development articulates the need for Africa to become a follower goose and join the flock of geese 

through entering GVCs in low-value adding activities based on a natural endowment of abundant labour and 

from there gradually move up the chain. It must be noted that although ‘Industrialize Africa’ for large parts 

subscribes directly to this view, it also relies on other initiatives such as the development of sophisticated 

agricultural GVCs and the economic integration of African markets to create needed domestic scale for 

industrialization etc. (AfDB, 2018b, p. 37). Nonetheless, based on the evidence provided above, it is argued 

that parts of the development policies are based on traditional GVC ideas of participation and subsequent 

gradual upgrading in GVCs. Furthermore, it seems that African development policies are inspired by the 

experiences of East Asian countries and in particular China, who based on low-cost labour, managed to climb 

GVCs and take up high-value adding activities. 

 

Against this background and considering the foreshadowed changes in GVC governance and the smiling curve, 

the next sections discuss the nature of participation and upgrading in GVCs under the 4IR. 
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Participation 
Throughout the interviews, a recurring theme was the inherent African opportunity for development through 

GVCs in the 4IR (Larsen, 2018; Fan, 2018; Lehmacher, 2018). This theme is, as indicated above, an integrated 

part of AfDB development policy. Generally, one could summarize the viewpoints about Africa and the 4IR 

as Bolton-Smith (2018) did: The 4IR is to a large degree seen as “[…] a way in which the continent [Africa] 

can raise itself out of poverty and reduce the need for aid.”. The gains of the revolution are seen as being 

accessible to everyone, at least in principle (Hagemann, 2018). However, considering the changing 

mechanisms of GVC governance, geographies and distribution of value added, this thesis argues that there are 

a number of hurdles for newcomers to climb if they want to claim a part of an increasing pie through GVC 

participation. The hurdles fall in three categories: 

• First, changing GVC patterns alters the accessibility of GVCs and thereby makes participation more 

complicated. Because of the move towards servicification and customization and the likely 

geographical implications of that, GVCs become less accessible as they to a larger extent concentrated 

in end-markets of advanced economies. 

• Second, conditions of participation are changing. With an emerging new common-sense in the 

installation of the 4IR, lead firms are raising the bar for participation. As a consequence, Africa’s 

participation in GVCs and development efforts have to adapt. 

• Finally, as governance becomes more dynamic, participation becomes a continuous game. The 

traditional mantra of “once you are in, you are in” is becoming less true. 

In the analysis of GVCs under the 4IR two uncovered interconnected mechanisms were the moves away from 

global value chains towards more regional chains and emerging reshoring patterns. Both mechanisms are 

related to a new common sense where customization and servicification are increasingly relevant. Considering 

regionalization, this arguably makes participation for a continent like Africa much more difficult. With the 

ICT revolution and the deepening of the smiling curve, GVCs emerged because of a geographical separation 

of production and consumption. In turn, this allowed countries like China to see impressive economic growth 

without having to build domestic industries. Instead, they could focus on narrow activities and use those to 

gain access to GVCs. Regionalization makes similar participation strategies less feasible because GVC 

activities are partially rebundled and regionalized. The larger role of the customer in the emerging common 

sense implies a reversal of the separation of production and consumption. Thus, whereas previous generations 

of developing countries benefitted from access to sophisticated GVCs, a move towards regionalization implies 

that these chains are moving out of reach of Africa. Because a new industrial revolution introduces a number 

of mechanisms that pull back activities to end markets, Africa, in seeking participation, arguably have to 

compensate for those mechanisms to gain access to GVCs. It is thus likely that participation in 4IR GVCs 

becomes more difficult. 
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The emerging reshoring mechanism (Vanchan, Mulhall, & Bryson, 2018) can be seen as part of a pivot towards 

more regional chains. Although the evidence in quantitative terms is still fragmented (De Backer, Menon, 

Desnoyers-James, & Moussiegt, 2016), reshoring poses a challenge for developing countries seeking to 

participate in GVCs, as higher-value adding activities are moved back closer to home markets. As has been 

argued above, the reshoring of high-value activities is, as the 4IR matures, likely to be followed by a gradual 

absorption of low-value adding activities into higher-value adding activities. E.g. 3IR manufacturing will, as 

the installation phase progresses, be gradually absorbed by 4IR manufacturing. The shrinking chasm in the 

smiling curve is an illustration of this mechanism. Consequently, the chasm depicts how the traditional entry 

point in GVCs i.e. the lowest value adding activities, is shrinking too. At the same time, the split of 

manufacturing activities into low value-added and high value-added reduces the size of the target developing 

countries can aim for to participate. 

 

Hagemann’s (2018) and Hesdorf (2018)’s emphasis on new forms of economies of scope implies that the 

benefits of carrying out different activities through a single high-value adding activity is greater than having a 

number of separate low-value adding activities carried out. A shrinking chasm and thus shrinking entry point 

seem likely and in turn GVC participation is challenged. Hence, although, to quote Hagemann (2018) “In 

principle everyone can participate in a global market” because of the many benefits of new technologies, the 

findings of this thesis, in terms of likely access to global markets, shows that the installation of a new 

technological paradigm in fact makes it harder for developing countries, such as the African, to join GVCs. 

To put it simply, the activities where developing countries traditionally have entered are shifting towards 

becoming higher value adding and as they do they are relocated closer to the end market in an attempt to meet 

the demands of the new managerial common sense. Thereby, a likely implication of the 4IR is an exclusion 

mechanism that hinders African GVC participation by moving the chain and its activities out of reach. 

 

Using the idea of technological trajectories as a lens, this thesis argues that in addition to limited future 

accessibility of GVCs, the very conditions of participation are likely to change. Following Dosi (1982) and 

Perez (2010), the occurrence of a technological revolution and an associated techno-economic paradigm 

implies the emergence of new technological trajectories defining the direction of progress and thereby 

development. Here it is argued, drawing on Wu et al. (2014), that the AfDB’s development approach suggests 

an African choice of a technological trajectory within the to-be defeated ICT paradigm. The rapidly growing 

population of Africa arguably serves as a prism through which Africa considers development opportunities. 

The emphasis on low-cost labour in the AfDB’s development reports implies that the AfDB continues to view 

development as taking place along trajectories originating in the Age of ICT. Viewing the demographic 

dividend as an opportunity for labour-intensive manufacturing is very much in line with development 

trajectories of the past. The AfDB’s looking to China confirms this. Following this reasoning and development 
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logic, participation in GVCs is a matter of strategic coupling based on low-cost labour. However, in an 

emerging common sense where personnel are complementary to technology and where value stems from data 

intensity, traditional technological trajectories are being redefined and labour-intensive development paths are 

no longer feasible. Labour is no longer an asset as it was previously in the ICT era. Going forward what is 

going to matter in terms of labour is high-skilled workers and human-tech complementarity. Taking this change 

into account in processes of strategic coupling, it seems that participation going forward should not be based 

on abundant labour. The conditions of participation are thus changing as new underlying assets are required 

for coupling. 

 

One of the interesting governance findings was the importance of technological maturity in the supply base in 

order to participate in GVCs: 

 “[…] the prerequisite to stay in business is to be able to connect […]” (Lehmacher, 

2018) 

Because of new competitive dynamics, increasing fluidity of governance and changing modes of governance, 

the bar of necessary technological capabilities in the supply base is raised. Supporting this point, Maestrelli 

(2018) implied that once lead firms embrace a new customer centric common sense, these firms will weed out 

those suppliers who are not connected. Consequently, whereas participation previously has been determined 

by the possession of assets that attract lead firms, now, in addition, a sufficient degree of technological maturity 

is warranted. Without going into the details of technological maturity in Africa, which is outside the scope of 

this thesis, interviews and industry reports provided conflicting evidence as to the extent Africa will be able to 

live up to such technological conditions to connect and thereby participate. 

 

The AfDB (2018a, p. 63) recognizes that Africa has an insufficient stock of the kind of productive 

infrastructure necessary for industrialization. Considering whether Africa is ready for the 4IR, Deloitte (2016) 

finds that the challenges of a digital transformation lies in Africa’s weak infrastructure. Although recent 

Chinese infrastructure financing is beginning to address this matter with 21 billion USD in infrastructure 

financing in 2015 (Sun, Jayaram, & Omid, 2017), this lacking and insufficient infrastructure implies that the 

technological maturity of Africa is low. This conclusion is backed by the WEF and AT Kearney (2018, p. 13) 

who finds in their recent readiness for the future of production report that the 90 percent of African countries 

are among the least well prepared for the 4IR. In contrast to these gloomy perspectives, Bolton-Smith (2018) 

argued that Africa is very well positioned to take advantage of off-grid technologies such as the M-Pesa mobile 

payment system and off-grid solar energy. Fan (2018) equally pointed out that the lack of infrastructure and 

institutions in Africa is better understood as an opportunity, because there is no legacy structures preventing 

Africa to take advantage of the new technologies. However, in spite of the positive perspectives on the 

technological maturity and readiness of Africa, while important, this thesis argues that generally it seems that 
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the technological maturity is low. Consequently, Africa may struggle with participating in GVCs because they 

do not meet the necessary degree of technological capability. 

 

One of the central findings of the governance analysis was a dual governance game mixing modular and 

captive governance forms. In this governance game, connectivity was identified as vital as was also indicated 

in the quote above. Here, Foster et al.’s (2018) finding that mere connectivity only leads to thin integration in 

GVCs suggests that because of new governance modes, participation by simply “plugging in” to the digital 

infrastructures of larger players is unlikely to allow for an economic transformation of Africa. Consequently, 

because governance mechanisms of GVCs are altered, changing conditions of participation are expected to 

diminish the benefits Africa can expect from participating in GVCs. 

 

Finally, with regards to the dynamics of governance, the emphasis on digital integration, data streams and 

increased fluidity in inter-firm transactions, which makes governance a trans-firm exercise, arguably change 

the nature of participation. Traditionally, once you have gained access to a GVC, you were likely to stay there. 

Lehmacher (2018) pointed this mechanism out arguing that traditionally the decision on suppliers was taken 

on a five-year basis. However, because of increased transparency in future GVCs enabled by data, AI, cloud 

computing and IoT, lead firms are able to make decisions about inclusion and exclusion on a more continues 

basis. Thereby, participation becomes a matter of not only gaining access to GVCs but also about maintaining 

the participation. Thus, the idea of strategic coupling (Yeung, 2009) to a higher degree becomes a matter of 

continuously being technologically relevant to lead firms. In line with ‘training as a necessity’, it seems that 

participation going forward to a large extent will be a matter of continuous qualification to the constantly rising 

bar of technological capabilities. The labour substitution line arguably tells a similar story. Eventually, 

companies at low-value adding activities, if they do not upskill their workforce and move towards higher-value 

adding activities, will be excluded because activities can be automated and thereby better carried out by lead 

firms who possess the technological capabilities to do so. 

 

Upgrading 
Moving from the participation discussion, AfDB’s aspiration to “upgrade in global value chains” should also 

be visited in the context of the 4IR to reveal how the new managerial common sense impacts upgrading 

trajectories even after participation is secured. When lead firms change their international operations to 

generate more value from activities throughout the value chain – as signified by the move from smile to chasm 

in the smiling curve - the technological demands that come with new competitive dynamics provide a new set 

of challenges for the actors occupying the bottom of the chasm. The new competitive dynamics incited by new 

technologies thus provoke this thesis to revisit the underpinnings of upgrading. This thesis argues that the new 

managerial common sense influences upgrading in three ways. The common sense: 
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• Increases the length of upgrading trajectories for actors at the bottom of the smiling curve. 

• Undermines learning advantages that come from pursuing strategic coupling as the 4IR moves through 

the installation phase. 

• Contests the link between economic and social upgrading when pursuing upgrading within GVCs 

under the 4IR. 

 

As suggested in the analysis, when the managerial common sense proliferates business strategies in the global 

market, the pre and post production pillars of the smiling curve increase in value added. Consequently, the 

difference in value added between the three production pillars increases which indicates that firms need to 

improve their capabilities relatively more than during the ICT paradigm to move between nodes across pillars. 

At the same time, because of regionalization, African firms would find it harder to provide higher value-added 

solutions that lead firms would accept simply because the distance to the final customer is too great. Thus, on 

a conceptual level, the managerial common sense will change the upgrading prospects of firms in African 

countries. As the common sense proliferates, African firms have to add more value to climb to the next node 

than was the case in the ICT paradigm. The bar is thus raised for African firms to compete in global markets 

since the new competitive dynamics necessitate firms to provide higher value in the pre and post production 

pillars to the customer. It suggests that the distance between the African home market and the global market 

increases in concordance with the upwards moving smiling curve. Therefore, as the 4IR moves deeper into the 

installation phase, the aspiration to create the next global lead firm becomes gradually harder for the next 

generation of developing countries. 

 

From a technological capability perspective, the proliferation of the new managerial common sense demands 

that actors along the chain increase their capabilities to provide more value. Looking at the smiling curve 

chasm, it seems that the discrepancy in technological capability is most pronounced when actors seek to 

upgrade from the production pillar and towards either the pre or post production pillars. This indicates a longer 

upgrading path. Therefore, the 4IR could worsen the risk of developing countries being caught in a 

commodification trap (Dussel Peters, 2008) because the longer distance between low- and high-value added 

activities constitutes a higher barrier to upgrading which makes it more difficult to escape low-value added 

activities. 

 

Furthermore, the 4IR seems not only to highlight the importance of building technological capabilities to 

pursue upgrading, it also shows how technology’s accelerating advancement means that firms need to improve 

technological capabilities in order to maintain their position in the chain (Hagemann, 2018). In the face of the 

ever-increasing data-processing power and the added capabilities technologies acquire in their convergence, 

the future of building national competitive advantages that provide paths to upgrading seems as unpredictable 



 96 
 

as ever. The dynamics of the smiling curve identified this issue. The move deeper into the installation phase 

of the 4IR increases the value added across the production pillars and thus raises the curve. This again plays 

into technological capabilities where the value added gained from integrating activities raises the required 

capabilities of actors to maintain their domain of the smiling curve. Therefore, for firms to maintain their 

position in an activity, they constantly face a demand for process, product or functional upgrading within that 

activity to increase its value added as the revolution matures. Similar to the discussion on participation, 

upgrading is therefore not only a strategy to improve positions within GVCs, but also a prerequisite to maintain 

a position within them as the curve moves upwards. Understanding the 4IR from a techno-economic paradigm 

perspective in combination with technological capabilities therefore adds an element of urgency to Perez’s 

warning that development is a moving target - both in terms of participation and upgrading. 

 

Knowledge Spillover in Strategic Coupling 

When data becomes a source of power in firm relationships, it will likely alter the relationship between the 

governed and the governor as found in the governance analysis. This puts into question what benefits in terms 

of knowledge spillover that arise out of pursuing strategic coupling. In the governance analysis, data was found 

to be the vital consideration between the critical and positive view on firm interaction in the Age of Data. Data 

does indeed provide a new upgrading opportunity for more actors along the chain as the data they produce in 

itself becomes an essential input for the integrated value chain and thus a tool for lead firms to compete on the 

new competitive dynamics. Therefore, in theory, data has the potential to provide more transparency along the 

chain. This could give African firms access to knowledge that otherwise would have been hidden from them 

and therefore increases the benefits that come from pursuing strategic coupling because data levels the playing 

field along the chain. However, Hagemann’s (2018) warning about the dominating role of large data companies 

in GVCs should be considered in this regard. If power is concentrated in few large firms along the GVC, then 

there is a risk of smaller firms not getting access to the valuable data (Hagemann, 2018). This is an obvious 

opportunity for lead firms to maintain a competitive edge through exclusive data ownership. Therefore, 

knowledge spillover through chain transparency is indeed a viable scenario on paper, but to be mutually 

beneficial, it requires that transparency goes both ways in GVC interactions, which seems unlikely given the 

competitive edge that comes from data ownership. Additionally, considering emerging multipolar governance 

structures in GVCs where power follows data aggregation, then the insights from this data is not guaranteed 

to benefit all actors in the chain. Echoing the warning of Hagemann, Larsen (2018) highlights that transparency 

is only guaranteed when we find a global solution to the question of ownership of data: “We still need the 

broad discussion on ownership of data. Who owns the data on consumers and people?”. Therefore, the benefits 

of coordination between nodes in the GVCs, which gave rise to idea of strategic coupling, is thus challenged 

when considering the deeper digital integration along the chain - it puts into question the benefits of the degree 

of learning effects smaller suppliers acquire by engaging with the large data-driven actors who control the 
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GVC networks. This is a critical discussion for especially firms in Africa as it will determine the degree of 

knowledge spillover they can expect from engaging with lead firms in GVCs. 

 

Furthermore, when activities begin to add higher value, they become more important to the firm and move 

closer to becoming the foundation for competitive advantages. This means that lead firms would be less 

comfortable with outsourcing activities to far away production locations and even sharing know-how in fewer 

activities. In turn, this would make it even more difficult for African countries to pinpoint upgrading paths. In 

the same way the iterative network structure challenges participation, the capability for lead firms to change 

the supply-base dynamically contests the reliability of pursuing strategic coupling as a reliable approach to 

achieve upgrading. It does therefore seem that the fluid GVC network moves away from criteria set out by 

Yeung (2009, p. 332) when he defined strategic coupling as a mutual process of shared interests. Due to data 

ownership and the flexible GVC, it is likely that the 4IR tilts the power towards data driven lead firms who 

can change supplier instantly making the relationship less mutually dependent and limits the opportunities for 

knowledge spillover. It leads to a situation where it become less serving of African firms’ interest to pursue 

upgrading in GVCs. 

 

Job Creation and Upgrading 

Arguably, the heart of the AfDB’s ‘Industrialize Africa’ strategy is the assumption of a link between economic 

and social upgrading through GVC participation (Adesina, 2015, p. 1). Considering the labour substitution line 

suggested in the analysis of the smiling curve, labour is facing pressures from both below and above. Once 

participation in GVCs through low-value added activities is achieved, the relentless advancement and 

convergence of the 4IR technologies mean that low-value adding and low-skilled work are first in line for 

automation. Taking regionalization, physical decentralization and the falling cost of technologies into account, 

there is an added incentive for lead firms to implement technologies instead of low-cost labour making a 

situation where jobs are never created in developing countries more likely. Thus, while the AfDB assumes that 

millions of production jobs will migrate from China towards Africa, that scenario is in fact undermined by the 

idea of a labour substitution line. 

 

In terms of upgrading within the production pillar, upskilling labour increases wages which in turn makes 

automation even more of an incentive for lead firms to reduce costs. In addition, higher value-added activities 

will tend to move closer to end-markets following the logic of the new managerial common sense. Labour in 

the production pillar is therefore experiencing a double pressure from below and above by technology as 

illustrated by the labour substitution line. As the line rises and firms utilize new technology to pursue product, 

process or functional upgrading, the need for labour decreases alongside an increasing risk that activities move 

closer to end-markets. Consequently, the production pillar becomes less and less the job-creating engine that 
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it was in the past. This plays directly into Hagemann (2018)’s argument that low-cost labour will not be the 

premiere determinant for location choice under the 4IR. Functional, process and product upgrading by 

implementation of 4IR technologies in the production pillar is therefore at risk of breaking the link between 

economic and social upgrading. The general population would not receive the benefits in terms of job creation 

even if the production activities stayed in the country simply because the means of ensuring that it would do 

so erodes the job-creating ability of low-value adding activities (Hallward-Driemeier & Nayyar, 2017, pp. 

135–136). 

 

This race against the labour substitution line suggests that African countries must pursue the high-value added 

activities immediately once gaining access to a GVC to move into the job creating area of the smiling curve. 

Consequently, Africa seems to be forced to leapfrog above the labour substitution line to secure meaningful 

job creation before technology closes the chasm in the production pillar which would erode its job-creation 

ability or even eliminate the country’s position in the value chain altogether. Considering that Larsen (2018) 

proclaimed her scepticism towards the feasibility of this condition by saying that leapfrogging in a production 

context “[…] has simply never happened”, development through upgrading within GVCs is challenged. 

Reliance on a technological trajectory similar to the successful development stories of the ICT era is thus likely 

to become suboptimal for Africa as the 4IR moves deeper into its installation phase. 

 

Development as Moving and Shrinking Target and Alternative Development Paths 
The discussion of participation and upgrading dynamics under the 4IR highlights that a development path 

informed by a technological trajectory situated in the ICT techno-economic paradigm is less likely to yield 

similar development returns as was experienced by China in the 1980s and East Asian countries in the 1960s. 

The 4IR marks the beginning of a new techno-economic paradigm where old technological trajectories 

constitute less optimal paths towards development. It has been discussed how the AfDB’s development 

initiatives seem to rely on the idea of participation in GVCs through entry in low-value adding activities and 

subsequent gradual upgrading up towards higher-value activities in the chain. New participation and upgrading 

dynamics, however, indicate that pursuing such development strategy in the installation of a new techno-

economic paradigm is the equivalent of aiming for a moving and shrinking development target (figure 16). 
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Figure 16. Development as a Moving and Shrinking Target, Authors’ own 

 
The analysis of the AfDB’s development strategy suggested that Africa is aiming for this target. Following 

Wu et al. (2014) the aim is explained in terms of the growing African labour pool that serves as a prism 

constraining the choice of technological trajectory. However, the hurdles discussed above that makes 

development a moving and shrinking target, suggest that if Africa is to succeed with development and benefit 

from the 4IR, another technological trajectory should be chosen. The current choice of trajectory, constrained 

by the prism of abundant labour, is unlikely to succeed in the revolution as it leads down a shrinking and 

moving development alleyway. 

 

Interviews suggest that Africa actually possesses assets that supports trajectory choices in line with the spirit 

of the 4IR. Hagemann (2018) suggested that instead of relying on labour, which will be rendered less 

important, Africa could choose a development strategy leveraging the fact that Africa potentially can provide 

electricity at very low costs as well as draw on the world’s probably largest pool of natural resources. With 

new determinants of firm location choice such as electricity costs and access to natural resources, Africa is 

well positioned to pursue a GVC focused development strategy based on these assets. In a techno-economic 

paradigm where production to a larger and larger extent becomes a matter of autonomous CPS embodied by 

smart factories, it is no longer labour that determines where production is located. Rather, it is the cost of 

keeping that smart factory running which, to a large extent, is determined by the price of electricity. 

Furthermore, the African resource pool becomes an important pull mechanism because new technologies 

eliminates the previous costs advantages of separating extraction and processing of resources. As co-locating 

extraction and production becomes possible it favours resource rich locations. 
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Because of its possession of these assets, it could be argued that African countries potentially stands to benefit 

from the 4IR as they control assets likely to be valuable going forward. This suggests that Africa, instead of 

strategic coupling to GVCs based on labour, should pivot and embark on a new development path different 

from that of the past, in line with emerging technological trajectories of the 4IR. For such development strategy 

to succeed, Africa has to build the necessary infrastructure allowing for the degree of connectivity 

underpinning the digital integration. However, because the AfDB (2018b, p. 63) have identified a significant 

current gap in infrastructure financing of $68-$108 billion, the creation of an infrastructure supporting 4IR 

technologies seems unlikely. Yet, considering that interviewees (Bolton-Smith, 2018; Larsen, 2018; Fan, 2018; 

Hagemann, 2018) suggested that the new technologies of the 4IR requires infrastructure that Africa is well 

positioned to develop e.g. off-grid infrastructures, such a development strategy might not be that far of. The 

future of African development, although challenged by the 4IR and the undermining of a labour-based 

development path, thus looks less gloomy. 

 

As a final note on an alternative African development path in the 4IR a warning is warranted. Although there 

is hope for African development in a new technological era, the notion of a labour substitution line poses 

significant challenges for any development strategy seeking to boost African economic growth while proving 

social benefits. Obviously, Africa faces enormous challenges in educating their population going forward, 

especially considering the prominent role of skilled labour in the new techno-economic paradigm. Larsen 

(2018) similarly argued that such traditional development objectives have to be delivered upon if Africa is to 

stand a chance. Yet, perhaps the biggest challenge for African development is the decreasing ability of 

manufacturing activities to absorb low-skilled labour (Fox et al., 2017). The materialization of a labour 

substitution line yields the traditional activities leading the way in development strategies unable to provide 

employment for the growing African workforce. As the technological revolution matures, technologies are 

likely to replace more and more jobs and the pro-development characteristics of manufacturing activities may 

erode (Hallward-Driemeier & Nayyar, 2017, p. 136). Confronted with this point, all interviewees agreed that 

the inability to provide mass employment is a significant challenge for African development. Although some 

(Bolton-Smith, 2018; Larsen, 2018; Fan, 2018) argued that African growth could potentially be driven by a 

service economy pointing to e.g. how mobile technologies in Sub Saharan Africa provide positive development 

results, there is so far little evidence that such premature deindustrialization provide the kind of economic 

growth (Rodrik, 2015) that would make African development a success. Thus, this thesis argues that the 4IR, 

although providing potentially successful alternative routes to development, challenges African development 

efforts by making development a moving and shrinking target. 
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Conclusion 
Being schooled in International Political Economy, the concept of global value chains and the discussion it 

beckons about development opportunities have always been intriguing to us. Discussing how lead firms govern 

these chains for the good or bad of lower level suppliers, how GVCs affect the distribution of wealth in the 

global economy and how firms can use GVCs to move toward more profitable activities has been the DNA of 

our student life. Being tech enthusiasts, it was therefore quite surprising that the GVC theory seemingly did 

not respond to the heralded changes in global production of the Fourth Industrial Revolution. In fact, what we 

observed was a theoretical framework that maintained its old ways. On one hand, firms, consultancies, 

countries and IOs are discussing and debating how to respond to the new opportunities of emerging 

technologies and at the other, remarkable little is written about the role of technology in GVCs. To us, this 

meant that the idea of GVCs seemed incapable of fully explaining global economic organization. Being on the 

brink of a new industrial revolution, it seemed fitting to reassess the technological assumptions of the GVC 

literature and thereby ensure that future discussion about development, governance and distribution of value 

in the global economy fully reflect the current technological reality. Consequently, this thesis has sought to 

address the research question: How does the technological change promised in the Fourth Industrial 

Revolution influence the organization of global value chains and what are the implications for 

development? 

 

Recognizing the complexity of the question, four sub questions were posed to aid the research and limit the 

scope of the overarching question. Grounded in a critical realist philosophy of science, these forward-looking 

questions were answered through a two-phased qualitative retroductive research design. As a concluding 

remark in this thesis, the following section briefly presents how the thesis has answered these sub questions 

and thereby fulfilled the ambitions of its inquiry. 

 

How does the GVC literature explain technological change? 

Following a chronological logic in reviewing the GVC literature, the thesis established that GVC theory largely 

holds a transaction cost economics view on technology. Technology is seen as a means through which 

transactions between companies is mediated. Largely, technology has taken the backseat in theoretical 

discussions of governance and development – posed in terms of participation and upgrading - in GVCs. In 

consequence, technology is considered as a factor exterior to the chain. Recent GVC contributions have started 

to look outside the chain and consider external determinants of governance and development, yet, only few 

studies explicitly investigate the role of technological change. It was found that Rehnberg and Ponte (2018) 

take one of the first steps down this research avenue by investigating how three-dimensional printing 

influences GVCs, but their analysis does not consider the impact of the converging technologies of the Fourth 

Industrial Revolution. Frederick et al. (2017) do consider more technologies, but a coherent analysis and 
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discussion of the implications of technological change for GVCs and development is absent. The thesis thus 

concludes that GVC theory in its current form, with the exception of a few studies, cannot adequately explain 

technological change. To remedy this shortcoming, following the approach of theoretical modularization 

(Ponte & Sturgeon, 2014), the thesis developed a technological module based on theories about technological 

revolutions, techno-economic paradigms and technological trajectories (Dosi, 1982; Perez, 2010) which were 

shown to fill GVC theory’s technological blind spots. The combination of GVC theory and a technological 

module equipped the thesis to adequately explain how the Fourth Industrial Revolution will influence GVCs 

and development. 

 

How does the Fourth Industrial Revolution qualify as a technological revolution? 

First, relying on Wang et al. (2016)’s perspective on integration within and among companies and insights 

from the digital supply chain literature (Büyüközkan & Göçer, 2018), this question was answered through an 

analysis of the individual technological components within the revolution. The analysis revealed a high degree 

of interdependency and interconnectedness meaning that the individual technologies are best understood as 

creating a cyber-physical world that satisfy Perez’ (2010) first condition of a technological revolution. Second, 

through semi-structured interviews and consultations with industry reports, the thesis identified tendencies 

suggesting an emerging new technological and managerial common sense different from that of the ICT era. 

In the emerging common sense, value stems from data, selling products becomes about delivering 

customization and servicification in converging markets, operation is carried out in accordance to a logic of 

proactive instant improvement in structures that a digitally integrated while being physically decentralized. 

Furthermore, human-tech complementarity becomes more important than human capital, as training in that 

direction becomes a necessity. Being different from the common sense of the Third Industrial Revolution, the 

Fourth Industrial Revolution fulfils Perez’s (2010) second condition and it thus qualifies as a technological 

revolution. In this way, the thesis showed how the herald industrial revolution is different from its predecessor 

and thus the thesis found that currently the world is entering the installation of a new techno-economic 

paradigm, a period in which new ways of organization and doing business will co-exist with that of the ICT 

era. 

 

How is the Fourth Industrial Revolution likely to influence the structure of GVCs? 

Following the theoretical modularization developed in answering sub question 1, the thesis investigated the 

influence of the Fourth Industrial Revolution on the structure of GVCs in terms of changing governance 

mechanisms and distribution of value added reflected in the shape of the smiling curve. The thesis found that 

the original determinants of governance are left challenged by new technologies and technologically enabled 

ways of inter-firm interaction. Consequently, the thesis argued that current governance mechanisms are likely 

to change. Data is likely to become a source of governance power in GVCs and thereby governance becomes 
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a dual game between occupants at nodes of data aggregation in the chain and their surrounding ecosystems. 

Furthermore, increased transparency in GVCs makes governance dynamic and less transaction based. Because 

of these new governance mechanisms, lead firms are likely to be those who sit on strategic data and given that 

such data can originate at multiple points in and outside the chain, governance is moving towards becoming 

multipolar. In terms of value added, the thesis argued that new competitive dynamics of customization and 

servicification are likely to cluster value at the ends of the chain. At the same time, the co-existence of 

competing techno-economic paradigms may cause a split in manufacturing activities and as an outcome, a 

chasm is likely to materialize in the installation phase of the Fourth Industrial Revolution. Because of 

technological progress and a continued push for higher integration, the chasm in the smile will shrink 

ultimately leading to a smirking distribution of value added in the long-run. The divergence between high-

value added and low-value added activities in the chasm underpins a likely regionalization of GVCs fuelled 

by reshoring tendencies. Finally, the thesis found that low-value adding activities are less likely to create jobs 

because new technologies with relative ease can substitute the low-skilled labour prevalent in this part of the 

chain. Job creation in the chain is thus likely to change away from the bottom of the chain that traditionally 

absorbed lots of unskilled labour towards higher-value adding activities which in turn underlines that 

upskilling and training is a necessity under the Fourth Industrial Revolution. 

 

How does technological change in GVCs influence the development prospects of Africa? 

Initially, to contextualise African development prospects, the thesis considered the development approach of 

the African Development Bank. The thesis found that the bank largely subscribes to the view that development 

should be secured through participating and upgrading within GVCs by means of low-cost production. The 

thesis discussed this approach in light of the findings of the analysis and proposed that development through 

participation and upgrading within GVCs is best understood as aiming for a moving and shrinking target. A 

moving target because: first, regionalization implies that new participants in GVCs have to compensate for 

production moving closer to end markets; second, the ever-increasing capabilities of emerging technologies in 

the production pillar forces Africa to improve technological capabilities accordingly; and third, dynamic 

governance mechanisms makes participation a constant qualification game ending the ‘once you are in, you 

are in’ mantra. A shrinking target because: first, the upwards drift from low- to high-value added activities 

shrinks the space accessible to African countries; second, longer upgrading paths imply that the opportunity 

for upgrading between activities is shrinking; and third, the new techno-economic paradigm questions the 

coupling of economic and social upgrading because new technologies shrinks the job creating potential of low-

value added activities. These challenges to development under the Fourth Industrial Revolution led the thesis 

to discuss how alternative development strategies could be deployed on the African continent. With the 

revolution comes new determinants of location choice, which are likely to be the price of electricity, access to 

natural resources and proximity to end-markets. On paper, the African continent is well positioned to take 
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advantage of these, but it would require an improvement of infrastructure to become a sustainable development 

path. However, serious doubts were raised about the link between economic and social upgrading in alternative 

developing strategies given the increasing applicability of converging job displacing technologies under the 

Fourth Industrial Revolution. 

 

– o – 

 

In conclusion, through the investigation of four sub questions, the thesis answered the main research question. 

The technological change promised in the Fourth Industrial Revolution marks the installation of a new techno-

economic paradigm that changes mechanisms of GVC governance and alters the distribution of value added 

in the value chain creating a chasm in the smiling curve. Consequently, traditional development paths of 

participation followed by gradual upgrading are challenged and development becomes a moving and shrinking 

target under the Fourth Industrial Revolution. 

 

The implications of this study are wide. First, the thesis shows that technology should be considered as an 

external factor influencing GVC mechanisms and thereby future studies need to revisit modes of governance 

to determine the extent to which the GVC literature needs to adapt going forward. Secondly, a technological 

revolution bringing about a new techno-economic paradigm suggests that usual business conduct will change 

as technologies bring about a new technological and managerial common sense. Third, the thesis raises a flag 

of concern regarding relying on past development logics. When development becomes a moving and shrinking 

target, e.g. African nations have to rethink how to achieve development goals. Further studies should 

investigate new paths to development to ensure sustainable development under the Fourth Industrial 

Revolution. Finally, this thesis shows the applicability of being forward-looking in the study of global 

economic organization and development. Hopefully, the suggestions and insights of this paper will contribute 

towards meeting the challenges and opportunities of the Fourth Industrial Revolution by lifting a corner of the 

curtain that obscures the future, such that we in both business and politics can prepare for how it will unfold. 
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Appendices 
Appendix A. Example of Interviewguide 
Interviewguide – Wolfgang Lehmacher - WEF 

Introduction 

 
• Thank you so very much for taking the time. Much appreciated.  

• Purpose: In our thesis we investigate the impact of the fourth industrial revolution on global value 

chains and the consequent implications for development. In this interview we want to discuss the 

fourth industrial revolution in terms of these two main topics. 

• Permission to record and report the interview. 

o We intend to use the insights in our analysis of how the fourth industrial revolution will 

influence global value chains and in our discussion of the implications for development. 

o If the interviewee want - we can forward any citation before it end up in the final text for your 

approval. 

• Ground rules:  

o We have worked with the topic of new technologies, GVCs and development for half a year. 

Therefore, in order to make this session more fruitful for both us and you, we kindly reserve 

the right to interrupt if the conversation moves outside the scope of our thesis.  

• Any preliminary questions, before we start? 

 

--O--O--O-- 

4th Industrial Revolution 

 
1. In your understanding, how is the Fourth Industrial Revolution different from the third industrial 

revolution?  

2. We wonder how much is speculation around the potential of the technologies, and how much is actual 

observation from the market. How far are we from realizing the scenarios you sketch out?  

3. In relation to distributed manufacturing - it seems like you put a lot of weight on 3D printing. Is this 

the key technology in achieving distributed manufacturing?  

4. You talk about new collaboration models you mention that it will primarily be between horizontal 

firms and to a lesser degree vertical firms. Can you elaborate on this? We investigate vertical 

integration here.  

 

GVC 
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1. We have found that the emerging technologies allow for companies to compete on customization, 

flexibility and time-to-market. We are in particular interested in whether these new competitive 

dynamics facilitates an increase in reshoring, a higher degree of both vertical and horizontal integration 

of firms and finally a diminishing role of labour in manufacturing. 

a. What do you believe is the most significant trend of these three? others? 

i. Do you see reshoring to be a significant trend in the fourth industrial revolution? 

ii. Do you see a higher degree of vertical and horizontal integration to be significant 

trends in the fourth industrial revolution? 

iii. Do you see a diminished role of labour in the fourth industrial revolution? and what 

will take its place in determining offshore production decisions? 

iv. E.g. political risk 

b. Do you believe there are competitive dynamics we are overlooking? 

2. How will the Fourth industrial revolution change the geography of GVCs? 

3. How will the Fourth industrial revolution change value creation in GVCs? 

4. What sectors do you expect to be most heavily impacted by the Fourth industrial revolution? 

 

Development  

 
1. Where do you believe that changes in GVCs leave developing countries in terms of prospects for 

development? 

2. For which groups of countries does the fourth industrial revolution create opportunities for 

development?  

3. For which groups of countries does the fourth industrial revolution create challenges for development?  

4. With many of the technologies in the fourth industrial revolution implying a degree of automation how 

do you think economic and social upgrading will relate to each other? 

5. What do developing countries need to get right in order to take advantage of the Fourth Industrial 

revolution?  

Critique  

 
1. What will it take to get development policy right in the age the fourth industrial revolution?  

2. Will the Fourth Industrial Revolution increase or decrease global inequality? Why? 

 

Thank you for all these great insights, before we conclude this interview, do you believe there are any areas or 

topics not covered in this interview which would be interesting to pursue further?  
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--O--O--O-- 

 

Debriefing 

 
• Do we need elaboration on any of the topics and issues raised in the interview? 

• Stop recording → Elaborate on purpose of the paper etc. 

• Do you want to OK the citations we use?  

• Do you know anyone who would be interesting to talk to regarding this subject?  
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Appendix B. Example of Transcription 
Wolfgang Lehmacher – World Economic Forum 

Date: 18.05.2018, skype 

Interviewers: Rasmus Kyndal (R) and Mads (M) 

Interviewee: Wolfgang Lehmacher (WL) 

 

R: As stated in the material we send you, we are investigating the impact of the fourth industrial revolution of 

global value chains and in particular we are interested in development outcomes of this interaction between 

the two phenomena. In this regard we are interviewing a lot of different people about this. Here you are really 

interested to talk to. Is it okay with you if we record this conversation? 

 

WL: Yes, you can record the conversation. How many people are you interviewing? 

 

M: Around 10 

 

WL: Yeah you need that. Is it business, academia, IOs? 

 

R: In businesses we have some contacts in London we’ll be interviewing during the next month, we have a 

few consultancies where we do interviews with people sitting with industry 4.0.  

 

WL: From the IO it is primarily you guys from the world economic forum. Are you doing the same thing with 

Aditi? 

 

R: No we haven’t done an interview with her, she sort of referred us to you, you would be better able to answer 

our questions. 

 

M: Furthermore, we are going to talk to another guy from San Francisco, at the center from the fourth industrial 

revolution. Ziyang Fan  

 

WL: Good, you have started to record I guess, and we can do this now.  

 

R: Perfect, do you have any questions before we start.  

 

WL: No, no questions 
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R: let’s jump into it then. Let’s start as an opener, in your understanding how is the fourth industrial revolution 

different from what we have seen earlier. 

 

WL: okay there were 3 or 4 revolutions before. The first I think is over, the second, which is about combustion 

engine, internal combustion engine and factories and electricities is still going on. We should not forget this. 

And then the third is about comoputarization, internet etc. information and communication technology, 

computers is definitely ongoing. The fourth is another layers and brings new technologies. What is the big 

difference is that we have now this layering, that is at kleast how I see it. And these layers, they connect, they 

are interconnected and what comes on top is that different areas: biological, the physical and the digital world 

start to interconnect. We always have dreamed about this, probably in the last 2 – so the number 2 and 3. But 

now it is really happening. Now computer tech meets biotech. That is maybe one example of why it is different. 

And what you see in how the fourth industrial revolution plays out, it is in fact not one technology. It is the 

aggregation of technologies, the aggregation and convergence of technologies and of course throughout the 

different revolutions the development has accelerated. So we see increasing acceleration but not only through 

individual development but also through hybrid and combination of technology. 

 

R: Okay, we look into this tipping point between one revolution through to another and there are some who 

say that what we are really in now is really the deployment of the ICT phase, so this interconnection of the 

biological and the electronical it is really just the promised delivered from the ICT revolution.  

 

WL: I wouldn’t see it like that. Because every revolution played out and significantly from the first, second, 

third, and if we take the third when we talk about the internet computers etc and communication technologies 

like that faxes, emails, iPhone I think all smartphones, I think they made major impact and maybe the smart 

phone is an evolution and convergence. I think that was one of the first indicators of where the fourth industrial 

revolution is going. It is a computer, a phone and a camera and a lot of other things right. Whether that was 

less deployment than what we see today, whether that is more deployment than the first IBM computer I biught 

in the 80s and what that did I don’t think so. I think we are growing as technological beings and coming up 

with newer and newer things and builds on and on what we did in the pat. We drop out some stuff and add 

stuff. That’s how I would see it. And as I said there is no tipping point, I believe there is no real tipping point. 

I think it is layering. 

 

R: Okay, so it’s the stacking of different revolutions on top of each other 

 

WL: Exactly, and when we think about combining telephones with camera, which was the first one in what I 

explained before and then putting a stronger computer in. Today my smartphone has more computing power 
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than my IBM had in the 80s and putting that together and then thinking about taking computers connecting 

them or taking sensors and connecting them with our nerve system so that they can pick up nerve impulses 

what the alter ego does or what Elon Musk is working on to take brain signals, I think its evolution of concepts 

and that evolution of dreams becomes the evolution of concepts, evolution of technology. Maybe that is the 

way I could imagine it. 

 

R: That is a nice analogy. Okay, let’s move on to the impact global value chains. Or perhaps we dive into the 

questions I can just briefly state that in our research so far what we have found or what we are currently 

investigating is that these new emerging technologies they are really allowing especially companies to compete 

on new dimensions. We are speaking about customization, flexibility and time to market. When we speak 

about the fourth industrial revolution’s impact on global value chains we are especially interested in how these 

new competitive dynamics how they are influencing how companies are organizing on a global scale. This far 

we have looked into the concepts of reshoring, vertical and horizontal integration and the diminishing role of 

labour in location decisions. We can see that you in your paper are touching upon some of the same aspects, 

but what do you think are the most important trends in the wake of these new technologies in global value 

chains or in global supply chains.  

 

WL: For me, the most important trend, above all or as prerequisite to all is process digitalization. It is data. It 

is data. It is getting the data streams right. Or the data layer right. And that some people are pushing that. What 

does it mean? I explain it usually like this. The fourth industrial revolution is also called the advent of the 

cyber-physical world which in fact is a very fundamental description meaning that the cyberworld meets the 

physical world and the cyber world represents to a large extent the physical world. So when we were thinking 

about supply chains about 20 years ago, let’s say 10 – 20 years ago, we talking about information layer, not a 

data layer, not a cyber layer. We were thinking about, okay there are goods and containers moving, and people 

want to have information – as simple as that. So again, it is a concept of evolution. And it is a dream at the 

beginning. In the beginning they dreamt that if they were to know where the ship was, but we didn’t. And then 

information came, and they knew where the ship was and that was great. That was probably the information, 

the third industrial revolution, Wauw, we know where the ship is, we know where the container is, we know 

where the good is and also we know now in parenthesis things that we to a large extent don’t know. 

(Inauditable) … it is fractured, it is not a full seamless information chain but that was where we were. But now 

we are in the age of data. When I think about steam powered chips and oil powered chips. Today I think about 

data powered chips. It is about, and this in the cyber physical world, still we might move to LNG, we might 

move to electricity and batteries and we might move to hydro, but we have a new layer, and that layer is data 

meaning the captain becomes an algorithm as well. That is what I’m saying and that is the big revolution. 

Giving an example, and I gave that yesterday several times. Because yesterday morning I needed to go to the 
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train station and was a bit late. I used the navigation system, I usually how to get the fastest to the train station, 

six o clock in the morning tour assumption is that there is no traffic jam what so ever. Suddenly after 15 min I 

loose 5 minutes which is a bit of a disaster when you are under time pressure and then I looked where that 

system was taking me and it said that the system was taking me nowhere. And then I had to make that choice, 

do I trust my experience as the captain of my car and choose the fastest way I usually have chosen, and I care 

to member that I ever miss the train, or do I trust the data and take a route I have never taken. Very bizarre, 

and I chose to take the data and it was very smooth. So that was what I mean by data supply chains If I go a 

step further to your question and the one who fixes that, who get the data right, and it is not only that the 

customer knows where the shipment is, of course we are always customer and consumer driven. We are using 

now data to improve the value proposition, this is also not new, but today we have much more data and when 

you look into this, that is where I see the maximum value. When you see the development and the real 

technological discussion, they are around computing power, data and algorithms which in fact is to a large 

extent; artificial intelligence, machine learning, deep learning and block chain some extent, internet of things 

to some extent. And big data, right, big data has been absorbed by artificial intelligence, it is the same concept. 

But I want to say; on one hand there is the data management, on the other side there is data generation and 

how to make sure that you have  and get the data in a safe way. But the big big hypes also variables, why do 

you need variables, variables are devices to interchange data. That is for me the biggest convergence point and 

the big trend is data. And few people have understood this, and that the reason is, I don’t think few people 

have understood it, few people know how to monetise and operationalize it. Because it requires what this 

example illustrates, you have to forget about everything you know, so you discard your own value, so you 

forget about… 

 

M: Yeah yeah 

 

WL: and then if you put yourself in an autonomous car, I think I’m a good driver, but I’m not as good as an 

autonomous car, my failure rate is much higher. And I think, you haven’t hav this barrier question somewhere 

right? We are the biggest barrier in the whole equation. We are the biggest enabler and the biggest barrier. And 

only leaders like, Jeff bessos and Steve jobs and Elon Musk who really slaughter the whole holy cows of out 

self, out identify and out believes and even our experience, they revolutionize and the success of Amazon is 

based on data and nothing else. 

 

R: When we are speaking about, I think it is a nice way of putting it, data as out new captain, how do you think 

global value chains or global supply chains will look like if it is data that controls everything. Imagine an 

autonomous value chain? 

 



 128 
 

WL: It is hard to tell, it is like yesterday’s journey, it is a nice metaphor. I did not know the route, I get the 

plan, but if I put the route in today, the plan I different right? Tomorrow it might be different. So I think it is 

not about mapping out the nature, mapping out how they would look like, but more describing the 

characteristics and if you look into the discussion, what is on the demand side, what is on the dream side, the 

words of agile, before it was flexible, agile, predictive, supply chains, anticipating supply chains, whatever 

you want to call them, that will be the future. It is not Mærsk saying listen we ship from Shanghai, that route, 

it is an algorithm which constantly updates and constantly optimizes and I think we are not far from that. We 

are doing this probably now, on very big aggregated devices, it is not the pair of shoes from NIKE, or Adidas, 

it is the high tech MÆRSK vessel doing that. But, what we see coming from my big comouter in the 80, to a 

laptop in the 90s to a smartphone 10 years later, it is getting smaller and it is getting more democratic. It is the 

Democratization of intelligence, the democratization of the supply chain, where each individual piece, to the 

level to which it makes sense, there is probably a limit to that, but, chooses it own routes. 

 

R: If we are going along with that, in the end there must be some actors who are pishing for this democratization 

of intelligence in the supply chain. I’m just picturing a control center somewhere, a epi point of all the data 

streams, where the data goes and passes and based on that the decision is made or communicated throughout 

the chain.  

 

WL: Do you know the FLEX puls centre? 

 

R & M: No? 

 

WL: FLEX – F L E X it is a form of Flextronics, it is playing in the same field as Foxconn. They have in Santa 

Fee, they have a pulse centre, you can cite this and I regular cite this, this is a centre where all data come 

together of FLEX, they have factories in china, inda, maxico, the bay area. And in that Pulse centre, there is a 

pulse, imagine the pulse of the supply chain, they use AI to get predictions and then they move production 

from one site to the other. This is IoT based, AI based and they are monitoring the suppliers and manufacturers 

and they work of course with the data of the transportation and logistics companies. It is not a decision-making 

centre, it is in fact a node in the system. And the decision is in fact taken in shanghai, or Delhi or Mumbai. 

Because, they say they see things and then they work with the local teams to find the best decisions rights and 

I see that as a model. Whether you can distribute that centre I don’t think so, but I think that you will have 

nodes into the system, small and bigger nodes, points of aggregation points of aggregation and analysis. And 

then you have a kind of system governance or protocol of how to take the final decision. And to which extent 

you leave that with the machines or with the responsible managers in in guangdong province, to say okay we 

cut production here because I think the tufunn will really hit me. That is how I see it. 
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R: Just to clarify, these central nodes gather a lot of data and then they make suggestions for action to fix a 

problem or to adapt the chain. And then it is up to the local managers to actually make the decision 

 

WL: Rights, that’s the flex concept. What I can do, Tom Linton is the chief supply chain officer at FLEX. He 

has written a book, maybe it is worth looking into that book, it came out a year back. Tom Linton – L I N T O 

N. And maybe it is in there, there is definitely things in the press. This is my best case, it is. There you see the 

future of supply chains. So you ask me the big trends, that is for me the biggest trend and with the data, or that 

is the core trend, so with the data you have the autonomous ships, you need data you need connectivity, you 

need these three things, the key is algorithms and algorithms, algorithm and data. Otherwise you cannot 

operate, and computer power of course. 

 

M: Just to clarify, so you see this new overarching data trend as not having a geographical impact o global 

supply chains and global value chains as such. 

 

WL: I don’t know, if we talk fourth industrial revolution, data help us optimize the supply chain and tell us 

and where to get things from, in what quantities, in what frequencies, where to move that, all this. I believe 

that we did not make – okay, another concept to get it clearer. In the past we made a decision on 300 suppliers 

in China, you go there, you talk to them, you test them etc. Then you have these 300 suppliers, probably these 

300 suppliers, if nothing major happens 5 years later, you have the same 300 suppliers. These 300 suppliers 

ship their stuff mostly the same way, so we made one decision which lastet for years, what is now happening 

is that we can take decision on a constant base. That is again back to my traffic example. I guess if there was 

not a major incident, you are living 10 kilometres from Copenhagen, you take one decision at a certain point, 

that is the best route, and you go that route if nothing major happens forever right? Not nowong whether there 

is a better route out there. So that is how I see the change, I think we have limited capabilities as human beings 

and, in the past, so chain data and to analyse data and then discard out own beleifs and go for better decisions, 

and that changes. So, there are algorithms saying, the road is blocked, there is no way we can change that, so 

although we always turn right, today we turn left and tomorrow we go straight. That will change, so, this is 

about, and the algorithm will probably also gradually also change supply chains because they obtain new 

information, and say why buy in china, why donøt we buy in India or in Mexico. That is why I don’t know 

what the supply chain will look like. But if we give the data or the algorithm more decision-making power 

then we break our routines, we break our more fixed models and that will have an impact. Does that sound to 

you like a plausible scenario? Because it is mental modelling what we are doing now. 

 

M: Hmmm 
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WL: There is of course also the inputs I just do the cyber physical world really briefly and then I will stop. 

These algorithms or this supply chain intelligence, and the intelligent supply chain, they obtain data out of the 

real world, they obtain data about changes in customs procedures, changes in tariffs, changes in oil prices etc 

etc. So, it is not that the algorithm changes, the algorithm changes the way we manage the supply chain. But 

the drivers are still outside, they are in the date which we are better to capture, which we are better to analyse, 

but ii is still about tariffs, prices about fuel et etc. 

 

WL: We will talk about the challenges of this in the end, but first of all, how much of this is speculation about 

the potential of the technology and how m much is actual observation of what is happening out there right 

now? You mentioned Flextronics, but do we have, how far are we from realizing the future on a broad scale? 

 

WL: I mentioned the ones doing this, it is Amazon, Apple, Flex just to mention a few. I don’t want to be unfair 

to a few. But it is a minority. And the technology, there is a link of course between adoption and development, 

the more adopt it, the faster the development goes and the lower the process. But the big players are doing this, 

and the startups are doing this. So, you have probably the development at the two poles. You have it at the tails 

and you have it at the heads. In the middle, it is about a broad spectrum from not interested, not aware, not 

able to operationalize it, not having the means etc etc. Trying it, experimenting, testing, you have the full range, 

but this is the bulk, and I would say that bulk is big. 

 

M: A quick question is, what is going to happen with these middle companies, do that have to innovate or are 

they being squeezed out? 

WL: What we see is happening is market concentration right. They will be bought or be pushed out of business. 

 

M: Simply because they do not have the technology to harvest the benefits of the fourth industrial revolution?   

 

WL: Yeah because the other just outperform them 

 

R: Okay, sort of the same question. Does that mean that they will be also be pushed out of the supply chains 

simply because they do not live up to a certain technological standard that is needed for bigger players in order 

to run an efficient chain. 

 

WL: There are two or multiple answrs to it. First, yes, they will be less optimized, but if I talk about that, or 

less performance. But if I talk about that, there will always be a context where you find that this is not true. 

Take an example like Honk Kong on traffic management – Hong Kong is pretty low tike, unlike Singapore, 
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there is no intelligent platform steering the traffic in Hong Kong, but the country and the city is very efficient 

right? But it is different drivers doing that. It is the density of the city which is higher than Singapore. They 

manage to stabilize a highly efficient economy on low tech basis, an Iphonse does it. Putting additional 

technology will always imply putting additional costs where you cannot squeeze additional margins or 

additional experiences out of. The number of taxies you have in Hing Kong, you find always, almost always, 

a taxi, so the customer doesn’t say; I need technology because I don’t get a taxi. I need technology because the 

taxi driver always takes the wrong way, he doesn’t – he has a GPS. I need technology because the taxi prices 

are too high, no they are not, they are very low. So, what I eanted to say, it is never totally this or that or clack 

or white. There are environments where you can work very well and survive well on low tech. So what has 

happened in the large place, and you see this with Amazon, you adjust, the old world is pushed out and then 

Amazon takes bits and pieces of the old world, and manage it themselves better. I don’t know if they will 

manage Wholefoods better, but I think the assumption is better. They have set up brick and mortar stores, and 

that store is definitely run and probably better run. So they run, they took on warehouse management, and run 

warehouses better. And this is data based. And you see what is happening with the rest of the world in light of 

Amazon or Alibaba. These are big platforms, you could also argue it is data not platforms, but more or less 

the platform is thing happens. But the oil of the platform is the data, is the algorithm, the computing power 

behind. So that is where you see it. And then you have more, and this is probably the Amazon model, and I 

spoke about Alibaba, Alibaba is probably more democratic, Alibaba uses the data to connect. So, either you 

become a big player driven by data and growing faster than anybody else and outperforming anybody or there 

is the alternative world, probably a world where you have this disconnector, aggregator, platform where the 

prerequisite to stay in business is to be able to connect to this. 

 

R: So if we have to put that in pure supply chain language, that would be one scenario where we would see 

big players simply taking over parts of the chain simply because they can run it more efficiently… 

 

M: …and then allowing for smaller players to utilize this. 

 

WL: yes, changing the terminology, you could say that one is a vertical integration model – very old term – 

what Amazon is doing, integrating more and more parts. And the other is a value model, you could also say 

that it is a partnership model – like what is Alibaba is doing and the other is a full control model – an ownership 

model vs. partnership, control vs. franchise, vertical integration vs. added value – the world is not new, but 

maybe these, because it comes back and back agin, maybe it is worth looking into it. These are maybe the most 

competitive model we are seeing in todays economy.  
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M: If we turn to manufacturing here, in your paper you talk about this concept of distributed manufacturing, 

when we read that, it seems you put a lot of weight on 3D printing. Do you see that as the key manufacturing 

enabling distributed manufacturing or could you achieve distributed manufacturing by using other 

technologies in the fourth industrial revolution? 

 

WL: Yeah, the term distributed manufacturing is strongly linked to distributed manufacturing, however, as I 

said in the early stage of our conversation, it is a combination of technologies, this distributed manufacturing 

would not work without IoT and 3D oprinting would not work without IoT. You need to send the files. So in 

fact it is, for the sake of differentiating a bit the focus of the discussion, the 3d element, 3d print element it is 

a good way of putting this although we are talking about 3d printing, robotics, IoT, AI etc. 

 

M: (Silence) 

 

WL: And I can elaborate very quickly, I have to stop at the hour, the distribution of manufacturing would not 

happen if the companies had not the confidence that they can monitor what is happening in the distributed, in 

the largely distributed manufacturing network. And for this they need IoT. And for that reason I think IoT is 

the key enabler, and 3d printing and robotics are the tools by which it happen on the ground. But maybe also 

the robots, there I want to correct a little bit, because, if you have a robot which is one hundred percent reliable, 

you would maybe put him there aswell. But still, You would send people from time to time to see that the 

robot still functions, that the electricity is still there, but I think you get the idea right? It is about the distribution 

is also based a lot on the confidence we have in the technology.  

 

M: So using the distributed manufacturing as a bridge, we want here in the last part of the interview to quickly 

get your perspectives on the future of development under the fourth industrial revolution. So, in the old 

paradigm with the supply chains, the global supply chains, you have a whole bunch of low cost labour countries 

that could attract sort of economic activity because they have a whole bunch of people that can work for very 

low wages how do you see that changing over the fourth industrial revolution? 

 

WL: Currently, (pause), I see there is still room for these countries, yes, because that is the underlying question 

yes? 

 

M: Yes 

 

WL: Premature industrialization and missing out on that part of the development where you create a lot of jobs 

that creates wealth for the nation. I still believe there is good room for this, because with all the answers you 
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fell also coming from me, it will take decades to get there. Look at Amazon, it took them also a few decades 

to get where they are. That is one player. And we have a lot of homework to do along the way. Because that 

seamless management requires interoperability at a stage which we have never achieved as economies. So, 

interoperability stands in the way. So maybe this question is very much linked to the hurdles, there is a lot of 

development, there is that new layer, that there is these new possibilities, there are the pioneers. But, there is 

also a lot to do getting that big bulk I mentioned before onto that new track, so I see short to midterm I see the 

world evolving in similar patterns as it has before, but, but, the new technologies will bring new opportunities 

and also for the developing world. I think that it is possibly, opens possible new tracks, and setting up 

leapfrogging tracks, setting up new factories. I don’t see the technology as the big thing and the big problem 

here. I see the issue much much more on a higher level on how do we mange society and out economic model, 

because we could say; Okay it was a pretty stoney and painful way to go through what most of the countries 

have gone through, I mean all the negative side-effects right, you use lower level industrialization with a. lot 

of external costs. We could avoid that by building state of the art factories there, but we have to manage society 

differently. That creates different values, better value, more inclusive and balanced value, but only if we 

manage it well. So, I think that question is less linked to technology and much more to global governance 

 

R: I think that actually brings us to another of our questions, if we could allow or help these countries to 

leapfrog, by leapfrogging we mean installing these really smart factories, but aren’t we at risk at promoting 

some kind of economic development as the expense of the social upgrading in the sense that we will bring 

about higher GDP, they will start producing goods, but people will not be getting any jobs, because these new 

smart factories they are not generating jobs or at least they are not generating jobs for the lowly skilled labour? 

 

WL: But wouldn’t they then come to the discussion table the western world is current dealing with? What 

happens in the western world, maybe Denmark is kind of the paradise of the world of the world 

 

M & R: (Laughter) 

 

WL: Yeah, but it is a small and very high-end nation. So with a god education system, I think with a good 

identity. Maybe I see this a bit too rosy, but you see the neighbour Germany struggling, getting, having 25% 

of the population feeling lost, little future from value to work to whatever, at low unemployment. This is 

exactly what I meant before, how do we manage society beyond work? Work was at centre of our 

identification, of out being of out doing. I say yes, we create difficulties, but these difficulties exist in the US, 

the UK and in Germany. 
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R: But aren’t the big difference here between, and I know this is a really broad discussion, but if we are 

leapfrogging the developing world into a stage where for instance Denmark is, Germany is and we leapfrog 

them into our stage and then they will have our problems, that is how I hear what you are saying, but aren’t 

they then missing out on the steps we took along the way to get where we are. So for instance in the western 

world we are talking putting taxes on robots, I thank that is Mr. Bill Gates who said that, but if they leapfrog, 

don’t they need to build a lot infrastructure, which we already have in place? 

 

WL: yeah, but look at China, and what China did the last 20 years, they did exactly this. Is this worse than, 

and I don’t now want to take a country that didn’t do that or manage to do that. Or can mention one, one is 

look at the Philippines, the Philippines 20 or 30 years ago was a very promising country, but never got the 

momentum people expected, China got that momentum.  Where are the people now worse of? I think the 

problems are different, and it all depends on how the country, how do we govern this, how do we mange this, 

as a society, a society as a whole as part of a society which means politics, governments and businesses. What 

does academia do, what do cultural leaders do, I think we are coming into a different sphere and I have the 

tendency now to distinguish between the technological debate on the one hand, which is a toll with a lot of 

opportunities, complex to handle, complex to understand and complex to develop. And then, society, and 

societal problem which results amongst others from technology, and which we hacve to deal with. So, I would 

decouple this. But maybe that is not the best way to do it. But it is very hard to do this, and say dear country, 

you have to slow down your development because you need to go through this and these stages to become at 

the end very mature and inclusive and beautiful world. I think that discussion is maybe different to have. There 

is the technology, drive it in the way you feel, but here is another area you have to look at, which is the ethical 

space, it is how do you deal with dignity how do you deal with identity, how do you deal with inclusiveness. 

 

R: Okay, final question, relating to this, technology as a tool and the society discussion. What do the developing 

countries need to get right in order to take advantage of the fourth industrial revolution? 

(Silence)  

 

R: On the society side? 

 

WL: I think coupling it with the fourth industrial revolution is maybe misleading, looking into the first 

revolution in England where it started, that was not an easy ride, and was very difficult to get the human right 

into the British society etc. and at that stage we were at a different stage at development as humanity as a 

whole, I think that it has to do with responsible leadership, meaning the governments have to make the best 

deicison for their people. Te Forum believes and I believes for the planet as well. That is independent from the 

fourth industrial revolution, look at the whole plastics problem we have, plastics pollution, this have nothing 
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to do with the fourth industrial revolution. Rwanda bans plastics and other countries are major polluters, it is 

a question how you manage, how society mange itself, because government is part of society, that is why I 

want to decouple that. You can have misery in this respect of all stages of human and industrial development, 

sorry industrial development, it is a veryu different topic. But to benefit from the fourth industrial revolution, 

it is about people, entrepreneurship, good partnerships and that what it is. Get the spirit of the fourth industrial 

revolution and then build the capabilities.   

 

R: Thank you very much for your time! 

 

M: Wolfgang this has been incredibly enlightening, thank you so much for you time! 

 

WL: Pleasure, if you have any questions, let me know, along the way, and I wish you a great fun with this, I 

think it is a great topic and I’m sure you will come out with an insightful paper. 

 

M: Hopefully, we definitely aim at that. 

 

WL: Have a good day, bye 
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Appendix C. Deepening of the Smile Curve  
 

 
 

Source: Baldwin, R. (2014). Misthinking Globalisation: Twentieth-Century Paradigms and Twenty First-

Century Challenges: Misthinking globalisation. Australian Economic History Review, 54(3), 212–219. 

https://doi.org/10.1111/aehr.12046 
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Appendix D. Increasing Computing Power 

 
Source: The Economist. (2015, April 18). Ever more from Moore. The Economist. Retrieved from 
https://www.economist.com/business/2015/04/18/ever-more-from-moore  
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Appendix E. A self-organized IoT network of machines, products and conveyors 

 
Source:  Wang, S., Wan, J., Li, D., & Zhang, C. (2016). Implementing Smart Factory of Industrie 4.0: An 

Outlook. International Journal of Distributed Sensor Networks, 12(1), 3159805. 

https://doi.org/10.1155/2016/3159805  

Figure 3 in Wang et al. (2016)
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Appendix F. Industrialize Africa Indicators 

 
Source: AfDB. (2018). Annual Development Effectiveness Review 2018 (Annual Review). Côte d’Ivoire: 

African Development Bank Group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 


