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Abstract 
 
The Additive Manufacturing (AM) technology, known as 3D printing, is regarded as the ‘next 
generation of manufacturing’. It is classified as a disruptive technology and AM has attracted scholars 
worldwide and received extensive attention in various industries, which is significantly changing the 
way we design, produce, distribute and consume. This paper reviews how the AM development can 
be explained as a process of technological transition from a radical technological innovation to a social 
level technology, through integrating the technological innovation and the multilevel perspective 
(MLP) theories. In this way, we present a conceptual framework that provides a foundation for 
discussing AM trajectory and discover a development prediction of AM technology in the lens of 
MLP theoretical perspective. Secondly, the paper elaborates how AM is impacting businesses within 
the scope of open innovation through a case study on Adidas, to provide empirical support for similar 
industrial players to better predict the innovation trajectory through AM applications. 
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1 Introduction 

1.1 Background and research questions 
The Additive Manufacturing technology (AM) is regarded as the ‘next generation of 
manufacturing’ (Berman B, 2012), colloquially known as 3D printing, which not only influences 
a firm or an industry but the entire society to some extent. The additive manufacturing technology 
was defined by ASTM international in 2012 as building three-dimensional objects by adding 
successive layers of material, one atop another, as directed by a CAD (computer-aided design) file 
that contains all the necessary parameters: thickness, shape, contours, etc. Plus, it is capable of 
joining various materials and creating objects from 3D data, usually layer upon layer in contrast 
to traditional subtractive manufacturing technologies (ASTM International, 2012). The additive 
manufacturing has been called a disruptive technology (Petrick and Simpson, 2013), and it has 
already been predicted by some scientists as one of the advents of the next industrial revolution 
from decades since the concept of additive manufacturing technology emerged (Prince, 2014).  
 
The AM technology has experienced rapid development, meanwhile, it keeps indicating enormous 
potential for further development. Various industries, professionals and firms are devoting to 
develop simplified manufacturing processes with less cost, while AM technology has revealed 
advantages in less expensive production, positive environmental effects, and recycled materials. 
Considerable studies of AM technology have been economically and materially devoted by 
worldwide research institutions and scholars after the first prototype of the 3D stereolithography 
machine invented three decades ago.  
 
Wyn Kelly Swainson released the first concept of directing a laser onto a tray submerged in liquid 
plastic, fusing a layer of solid plastic on the top in 1997, which contributed to the first 3D printer 
invention in 1984 by Charles (“Chuck”) Hull (Hull, 1986). Chuck Hull started to apply this 
disruptive technology into the rapid prototyping field and triggered the 3D printing’s commercial 
application.  
 
Since the 1980s, the continuous consumer market growth has brought the disruption from AM 
technology the second wave thanks to the expiration of some 3D printing core patents (Kalevi 
Kilkki, et al, 2017). The AM technology has started penetrating into different industries and has 
developed from the revolution to traditional prototyping known as rapid prototyping field to 
various arenas, molding, and tooling, manufacturing, personal fabrication (Christopher, 2016). 
 
Since then, the development of 3D printing has increased rapidly. The technology was regarded as 
a disruption to the manufacturing industry as profound as the industrial revolution by Petrick 
(2013). In Waller’s paper (2014), the additive manufacturing technology disrupts supply chain 
design, while Mohr (2015) claimed that the technology is one of the most disruptive innovations 
that impact the global supply chain and logistics industry. Also, it changes business model 
innovation (Rayna, 2016), pushes the boundaries of cost efficiency, convenience, and 
customization (Banks, 2013). As a relative novel technology in manufacturing, AM technology is 
associated with potentially strong stimuli for sustainable development (Gebler, 2014). It has the 
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potential to create a new regime in terms of the high degree of customization, less material usage, 
and less waste during manufacturing (Mani M, Lyons K W, Gupta, 2014). Terry Wohlers, the 
market expert, forecasts that final products will account for 80 percent of the total AM production 
output by 2019 (Davidson, 2012). 
 
Recently, the application of AM technology is widely spreading in consumer products fields due 
to increasing maturity and swift development in diverse perspectives (ASTM, 2012). From the 
Wohlers Report (2017), globally, the AM processes develop and expand to multiple industries and 
regions. AM technology has been under rapid growing worldwide, in the past 7 years, the total 3D 
printing market has grown by nearly 5.7 times. However, different opinions on the future of AM 
technology make the industry unpredictable and sometimes with uncertainties (Wohlers, 2017). 
 
Hence, in this paper, we would like to explore a kind of foreseeable prediction for AM technology 
development through the technological innovation perspective in the lens of the multilevel 
perspective (MLP) theory. Therefore, in the following sections, we will review the AM 
technology’s development history, integrate its technological innovation with the MLP 
perspectives, discuss its historical development from different levels, niche, regime to macro 
socio-level, in this way, try to discover some possible development directions of the AM 
technology in the near future.  
 
Furthermore, we would like to do a dive deep on a practical case of Adidas, to explore the AM’s 
impact to a business within the scope of open innovation perspective through this case study, 
aiming to provide empirical support for similar industrial players to better predict innovation 
trajectory through AM’s application. 
 
The more we worked on this topic, the more we were attracted by how the additive manufacturing 
technology is transforming the traditional manufacturing methods, especially on the perspectives 
of the sustainability. ‘Adidas Futurecraft 4D’, the case we studied in this paper, illustrates us a 
transformative sustainable production lifecycle, from raw materials acquisition, manufacturing 
processes and formulation, distribution of the products, to the recycling of the final products and 
waste management. As the first sneaker that designed and crafted using 3D printing technology, 
the sole of the Futurecraft 4D sneaker is crafted by Digital Light Synthesis (DLS) technology 
which developed by Carbon. This technology is differed from ordinary sneakers production as 
which is highly digital controlled and knows the exact yarns used for each product, thus creating 
no extra materials left over. Per Adidas claimed, 90% of the raw materials of the ‘Futurecraft 4D’ 
could use recycled materials, meanwhile the upper exterior of the final product is recyclable as 
well. In the footwear making industry, the textile waste is always a big controversy, the Futurecraft 
4D introduces us a reusable, sustainable, and environmentally friendly materials and products.  
 
The ‘Adidas Futurecraft 4D’ sneaker is manufactured in Germany and all raw materials are sourced 
mainly in Germany as well, which changes Adidas’ traditional supply chain modes completely. 
Different from the traditional global outsourcing and distribution, the AM technology could realize 
the local production and local sourcing, such localization significantly reduces the emission of 
pollutants like CO2 into the air from long journey shipment.  
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All these advantages on sustainability stimulate us more to do a deep dive of the AM technology 
development and to explore its impact to Adidas from multiple perspectives. We believe the AM 
technology not only influences on Adidas but also on more organizations and from wider aspects. 
While in this paper, we delimit our study on the dedicated case of Adidas considering an in-depth 
review of this singular case. 
 
Our objective is to address the core research questions through this paper:  
 
RQ1. How does Additive Manufacturing technology develop as a disruptive innovation? 
RQ2. How does Additive Manufacturing technology impact the business within the scope of open 
innovation? 
 

1.2 Sustainability aspect 
A total of 17 Sustainable Development Goals (SDGs) and 169 associated targets were announced 
on the 2030 agenda for Sustainable Development by all the United Nations Member States in 2015. 
The 17 SDGs call for urgent actions for all countries in the global wise on sustainability. (UN, 
2018) 
 
Sustainable Development Goal 8 is focused on ‘Improve progressively, through 2030, global 
resource efficiency in consumption and production and endeavor to decouple economic growth 
from environmental degradation, in accordance with the 10-year framework of programs on 
sustainable consumption and production, with developed countries taking the lead’. (UN, 2018) 
 
Sustainable Development Goal 9 addresses ‘more investments in high-tech products that dominate 
manufacturing productions to increase efficiency’. (UN, 2018)  
 
Sustainable Development Goal 12 is focused on ‘achieving the environmentally sound 
management of chemicals and all wastes throughout their life cycle, in accordance with agreed 
international frameworks, and significantly reduce their release to air, water, and soil in order to 
minimize their adverse impacts on human health and the environment’. Meanwhile, Sustainable 
Development Goal 12 highlights that ‘By 2030, substantially reduce waste generation through 
prevention, reduction, recycling, and reuse’. (UN, 2018) 
 
Therefore, significant changes are required to transforming traditional manufacturing to be more 
sustainable through sound management of production life cycles and wastes generation. With this 
objective, investigating, developing and innovating new technologies is highly demanded, 
especially on the traditional high pollution industries.  
 
The Additive Manufacturing Technology, as the disruptive innovative technology from many 
sustainable perspectives, is under speedy development in recent years in multiple industries. With 
this cutting-edge technology, more traditional manufacturing methods or systems are completely 
transformed, such as rapid prototyping and medical devices making. Meanwhile, the AM 
technology starts penetrating into the footwear making industry, which is always regarded as 
highly polluting manufacturing due to serious textile waste traditionally. 
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In this paper, we keep our eyes on studying AM technology’s development and its impact on the 
business practically. The main targets pursued with this paper are trying to answer the 2 research 
questions: (1) To know how AM technology has influenced the innovation as a disruptive 
technology and how it might develop in the future; and (2) To review how AM technology impacts 
the firm’s business innovation from multiple sustainable ways. We aim to contribute to the 
prediction of AM’s further development and provide the practical mirrors to the business players 
from the perspectives of potential benefits and development trajectory through this paper, and in 
this way, to bring positive influences to the industrial players and to drive innovative solutions of 
sustainable improvement, driving the development towards the Sustainable Goal 8, Goal 9 and 
Goal 12.  

1.3 Delimitation 
We aimed to limit the subject so that the delimitations of this study are all our conscious choices. 
Generally, in the literature review, we present a review about the development and innovation 
process of Additive Manufacturing technology throughout 3 levels respectively as a radical 
innovation in the niche level, an incremental innovation in the regime level and a disruptive 
technology during the whole process, and dive deep this technology’s development from causal 
causes and effects, but influences and dynamics from other aspects rather than multilevel 
perspectives are excluded in the part. On the other hand, we focus our study on one of the latest 
additive manufacturing technologies (DLS) application in one brand-Adidas in the case study to 
explore its impact on the firm from an open innovation perspective only. Hence, it is not typical 
for all scenarios or other industries with AM technology application, as we narrowed the scope 
within the impact to the business open innovation driven by the latest additive manufacturing 
technology (DLS). Hence, this case study only covers a company’s innovation changes caused by 
the AM technology application as an innovative manufacturing method rather than other directions, 
such as sustainability.  
 
The paper might not claim to present a technical and provocative discussion on the subject of AM 
technology. On the contrary, the contribution was the inductive review of AM technology 
development and the analytical conclusion of the actual impact of the technology on the enterprise. 
The paper starts with a review of AM technology development including initiation, developmental 
processes, forecasting, and expectation. The review is then conclusively explained through a 
diagram depicted based on the multi-level perspective theory. Besides, the impact of AM 
technology is discussed from diverse aspects throughout the case of Adidas. Moreover, the 
intention of the findings was conclusive and descriptive, while the discussion of the empirical case 
was conclusive and analytical. With that said, we provided support to better predict the innovation 
trajectory of AM technology in order to evaluate its potential and to better capture values of AM 
technology in various aspects like market, technology, application, etc. 

1.4 Outline  
The thesis outline is presented in this section, in total, the setting of this paper consists of six parts 
as below. 
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Chapter 1, contents as above, provides the introduction of the subject we studied. We describe the 
problem, address the purpose and the research questions, the sustainability aspect and the 
delimitation of this paper. Plus, descriptions of theories we utilized, methodologies we framed the 
research and research contributions of this paper are also briefly provided in the chapter. The 
outline of this paper is laid out at the end of the chapter.   
 
Chapter 2, theory part as below, mainly covers the core theories we used for discussion and 
findings. Firstly, we present the multi-level perspective (MLP) theory as a framework for studying 
the development of additive manufacturing technology with the purpose of providing a better 
understanding of the technology innovation process. Secondly, definitions of technology 
innovation including radical innovation, incremental innovation, and disruptive innovation are 
provided in the chapter to identify the characteristics of these innovations which are corresponding 
to innovation types in different levels of MLP theory. Furthermore, some concepts are covered in 
findings from open innovation are briefly expressed in the technology innovation part.  
 
Chapter 3, the methodology part, lays out the key methodologies we formulated for conducting 
the research. The chapter starts with our research design in detail and then presents two main 
methods (literature review and case study) we utilized for the research. The delimitation of the 
paper is covered in this part which ends with a discussion about the validity, the reliability, and 
the generalizability of the study and the limitation of the study was discussed through the last part 
as well at the same time. 
      
Chapter 4, the literature review on Additive Manufacturing(AM) technology development, 
includes historical contexts of the AM technology and contributions from the existing literature. 
This part is important since the subject we studied is not the first time proposed. In other words, 
these results are valuable references and foundations to the discussion and the finding of the paper.  
      
Chapter 5, the findings and discussion section, proposes the finding on developmental processes 
of AM through MLP theory and discusses a practical case of Adidas from a technology innovation 
perspective. We present a diagram and explain the innovation process of AM technology from 
three different dimensions in detail. Our intention is to describe the technology innovation of AM 
via MLP theory for answering the first research question. A case study of an empirical 
enterprise(Adidas) is conducted for the purpose of answering the second research question in the 
second part of this chapter. We conclusively analyze the impact of AM technology on the 
enterprise in terms of product innovation, process innovation, position innovation, and paradigm 
innovation. 
 
Chapter 6, the last chapter of the paper as the conclusion part, restates the research subject and 
summarizes the contents covered in other chapters. The purpose of this section is to conclude the 
answer to the research question. Meanwhile, contributions of the paper and limitations of the study 
are addressed in detail. At the end of this chapter, we leave readers with our suggestions for further 
studies. 
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2 Theory 
In this paper, we studied the development of the Additive Manufacturing technology (AM) as a 
disruptive technological innovation through the MLP framework and discussed how AM 
technology impacts the enterprise from an innovation perspective. Thus, in order to provide a 
better understanding about the innovation process of disruptive technologies and the interaction of 
diverse actors during technology transition, we use some concepts of multi-level Perspective 
(Geels, 2002) to deep dive how AM develops, and try to figure out a clear and foreseeable AM’s 
trajectory under the framework of MLP theory. In the meanwhile, technological innovation and 
open innovation is explained after contents of MLP theory in the purpose of providing a theoretical 
background in this section as the AM’s impact to the business open innovation will be discussed 
in depth later.  

2.1 Multi-level Perspective Theory (MLP) 
MLP theory is normally taken up as a useful framework to explain technological transitions, which 
illustrates the three structural levels of technological change process from a new technological 
niche innovation competing with incumbent socio-technical regimes, to a socio-cognitive 
perspective (Geels, 2010, Geels and Schot, 2007, Grin et al., 2010). Therefore, in this paper, we 
use the MLP as the framework to explore AM technology’s development as AM is such a new 
technology and growing so quick since its emerging.  
 
In this section, we review the MLP definitions and its development background for an overall 
introduction of this theory. The core factors and description about each level of the MLP 
framework are reviewed, meanwhile, the inter-connection and interactions between different 
levels are discussed as well, in order to draw a clear picture of the MLP framework we adopt in 
this paper to demonstrate how AM develops under this framework in the latter sections.  

2.1.1 Theoretical Perspective of MLP 
Per Geels and Schot (2007), the multi-level perspective elaborates technological transitions arising 
through interactions among three levels process: (i) Niche innovation sets up the internal 
foundation for the whole process, in this phase the new emerging niche technology competes with 
incumbent regimes; (ii) A regime established along with technologies develop, practices and rules 
set up; (iii) The technology is widely extended, external factors influence the dynamics of both 
niche and regime levels; (iv) Destabilized regimes create opportunities for new niche innovations, 
as a result forming a new round of MLP process. (Geels and Schot, 2007: 400) 
 
Geels (2002) described the MLP as an analytical and heuristic concept rather than an explanation 
of a pure existing fact. Per Geels (2007), the MLP theory is a means for explaining the 
technological transitions, from the beginning niche of an emerging technology to a highly 
influential disruptive technology on the society, and helping to understand the interaction of 
diverse actors as well as being a bridge between technical research and evolutionary economics, 
in this way, to help understand the dynamics among different elements within ‘technological 
regimes’ that conceptualized by Nelson and Winter (1982). During the development process of 
any technologies, the connections between different elements contribute to establish stable socio-
technical networks, while values and meanings of products are generated from the environment 
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which contains consumers or users, media and societal communities, as well as interaction between 
these groups rather than from a single group (Geels, 2002).  
 
Figure 1 illustrates three levels which constitute MLP, the technological niches of Micro-level at 
the bottom, socio-technical regimes of Meso-level in the middle, and socio-technical landscape of 
Marco-level on the top, meanwhile the relationship between each level is demonstrated as one 
nested hierarchy and each level covers different scopes, actors and activities, which cause changes 
in other levels more or less (Geels, 2002, 2005b).  

Figure 1�Multiple levels as a nested hierarchy, source: Geels (2002), p.1261 

2.1.2 Micro level (Niches)  
Niches level represents the micro level of the MLP framework and acts as incubation rooms from 
normal market forces, allowing research and learning to be conducted through experience, besides, 
radical innovation generates at this phase (Schot & Hoogma, 1998).   
  
The niche level provides adequate space and time for supporting networks and connections 
between key players to be established, isolating emerging technologies from the selection pressure 
of external markets or regimes (Geels, 2002). Tolerance of niches’ development is wider than 
regimes’ and landscapes’ because the selection approaches are different and emerging 
technologies are regarded as potential opportunities. Normally, the short-term costs of the 
transition on new technologies are rather expensive since little profit and benefit has yet obtained 
from primary stages, in which cost reduction and positive progress in the technology are led on 
dynamic scale of investment in the research and learning effects (Kemp, 1994). But higher costs 
and investments are acceptable for potential improvement of radical technologies and new market 
emerges at this local level of the innovation process (Markard & Truffer, 2008). 
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Though radical innovation is fragile in the niche phase, the protective configuration can somehow 
prevent radical technologies development from stagnation caused by possible conflicts with 
current regimes which are linkages of policy, environment, market firms, etc. Thus, the 
environment offered by Niches is significant for emerging technologies since radical innovation is 
nurtured under the support and protection in niches level which is identified as an effective 
protective space with 3 properties containing shielding, nurturing and empowerment (Smith & 
Raven, 2012). Basically, niche is the least scale level of MLP, providing alternative selections to 
further promotion and development and bring possible opportunities to breakthrough higher levels. 
  
In addition, niches are categorized into two types, one is market niches which means that certain 
technologies are selected to be developed and invested due to consumers’ need and market demand. 
Meanwhile, inverters, as well as producers, contribute to select the technologies through 
recognizing their potential. Another type is technological niches, which are supported by specific 
institutions and actors in the field (Smith & Raven, 2012). Compared with regimes and landscapes, 
the niche is unstable and small since the structure and network are not established yet. 

2.1.3 Meso-level (Regimes) 
The core concept of MLP framework is the meso-level regimes which are regarded as the ‘ruleset 
or grammar’ of innovation processes, technologies, enterprise cultures in communities and 
infrastructures (Rip and Kemp, 1998). In later research, there is a distinction between the 
interpretation of the regime as a ‘ruleset’ and regime as a ‘system’, the definition of regimes varies 
from different industries. However, one sharing understanding about characteristics of regimes 
like stable structure, the guidance of innovation process, inertia, coherence, etc. 
  
One conceptualization addressed by Kemp and Schot (2001) emphasized that regimes are hardly 
changed by will based on its stability. Generally, the strong linkages between different components 
maintain internal stability inside regimes structure. Series regulations, a materialization of the 
technological production process, standardization of products manufacturing, production 
operation, stocks of knowledge, norms and user practices businessmen, consumers, political 
institutions, societal groups, etc. are all engaged in practices and setting rules of establishing a 
regime rather than only engineers or scientists. (Geels, 2002) 
  
Regimes are regarded as the guidance of innovation processes. It also represents the selection 
environment for technologies in particular areas. In this level, most of technologies and innovation 
are incremental due to stable lock-in mechanisms and formed trajectory. Normally, technologies 
are developed from following routine-based behaviour which promotes to establish technological 
regimes at first. Technological trajectories are formed through the promotion and the regimes 
generate stable mechanisms such as rules, user habits, laws, etc. when these trajectories root inside 
the regimes. After that, the following incremental innovation improves along the formed 
trajectories. (Geels, 2012) Certainly, changes can happen in regimes once the considerable impact 
of certain emerging innovation from niches break stable trajectories. However, regime shifts are 
the result of a cascade of changes over time rather than a sudden change one night because the 
influence of technological trajectories is caused by the interaction of diverse actors such as policy 
makers, suppliers, manufacturing makers, scientists, banks, consumers, etc. (Geels, 2002). 
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2.1.4 Macro-level (Landscape) 
The macro level of the MLP landscape refers to wider extended technology-external factors that 
influence both the dynamics of the other two levels (regimes and niches). From Geels’s paper 
(2002), the landscape has been described as a set of heterogeneous parameters like beliefs, 
economic trends, wars, immigration, broad political ideologies, cultural and societal values, 
environmental problems (Geels, 2012). Similarly, a conceptualization of landscape expresses it as 
independent and autonomous background variables that are also connected to transition processes 
(Kemp & Rotmams, 2005). Landscape forms the external structure or context for interactions of 
actors, influencing processes of innovation and production with little influenced by the outcome 
of innovation processes in a short-term or a mid-term period (Markard & Truffer, 2008). 
Comparably, the changing pace of landscape factors is extremely slow but possible when it meets 
exert forces from the regime. 

2.1.5 Interactions among 3 levels 
The important point of the MLP is that the further success of new technology is not only governed 
by processes within the niche, but also by developments at the level of the existing regime and the 
socio-technical landscape. These 3 levels influence each other like a nested hierarchy while 
regimes usually generate incremental innovations and niches are the incubation rooms for 
nurturing radical innovations, besides, the landscape presents external structure (Geels, 2002).  
 

Figure 2�Multi-level perspective on transitions, source: Geels(2011), p.28 



10 

Figure 2 from Geels’s paper (2002) presents dynamic interaction between the three levels in the 
socio-technical transitions. A variety of early emerging technologies are generated in niches with 
unstable networks and these innovations develop under the protective environment in multiple 
dimensions. The larger array provided by niches means higher potential and dominant. Thus, 
evolution happens among variation and selection. With time flies, significantly promising 
innovations are selected to be further developed and gradually become dominant designs until 
certain radical technologies break out of niche-level into the next level. Certainly, technological 
regime shifts of radical technologies often require a long development time for various changes 
such as operation skills, infrastructure, regulation, emerging ideas, new values, and other 
organizational changes, etc. (Keep, 1998). 
 
At the regime stage, tensions, which weaken the stability of regimes, emerge between parts of the 
regime under pressure from niches and these tensions can be filled by niche innovations. In other 
words, windows and chances for radical innovations are created by these tensions. The regimes 
also act as the selection environment and new coming innovations reshape and adjust previous 
regimes which constitute policy, culture, science, industry, user preferences, technology and so on.  
 
Similarly, the landscape is influenced by reshaped the regimes and changed slowly. However, 
landscape developments put pressure on existing regime as well so that the regime provides 
emerging technologies with opportunities to push the evolution of the regime. At the same time, 
the landscape influences niches via expectations and networks as external factors.  

2.2 Technological innovation 

The additive manufacturing technology develops as a radical innovation from the niche level, an 
incremental innovation during the regime level, and a disruptive innovation in the field of 
manufacturing technologies. In this section, we provide a brief description of various innovations, 
including radical innovation, incremental innovation, disruptive innovation, as well as business 
open innovation, and identify the characteristics of these technological innovations in order to 
present a clear background knowledge for further discussion in the finding part. In other words, 
definitions and distinctions between different types of innovations are discussed in this part.   

2.2.1 Radical innovation and incremental innovation 
The classification of innovation can be identified according to the drivers or intensity, like markets, 
design, users and so on (Norman & Verganti, 2014). In the study, we focus on two categories of 
innovation (radical innovation and incremental innovation) for technology. Radical innovation is 
concerned with the exploration of inventions and emerging technology, while incremental 
innovation is concerned with the exploitation of technology that already exists (Tidd & Pavitt). In 
other words, radical innovation means that “doing what we never did before” and incremental 
innovation means that “doing better what we already did”. In this paper, radical innovation and 
incremental innovation are both discussed from a technological innovation perspective.  
 
There are three criteria to identify radical innovation. Firstly, a radical innovation acts as a novel 
invention that needs to be a little similar to previous inventions. Plus, uniqueness among current 
inventions should be fulfilled. Lastly, this innovation needs to be adopted and enable to influence 
or contribute to future inventions (Dahlin & Behrens, 2005). The majority of radical innovations 
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take considerable time to be accepted because the third criteria define success and it needs 
conditions to fulfill. Besides, it is difficult to create a completely novel innovation. Most of the 
ideas are usually based on prior contributions through a combination of previous ideas or 
refinement of existing works (Norman & Verganti, 2014). 
 
In contrast, incremental innovations refer to improvements or small changes in existing 
technologies rather than generating novelty (Munson and Pelz 1979). The purpose and benefits of 
incremental innovations are optimizations. The optimization with simple adjustments aims to 
improve the technology such as better performance, lower costs and effectiveness. Basically, even 
most innovations involve discontinuous shifts, technologies become mature via undergoing 
continual incremental innovation activities (Norman & Verganti, 2014). 
 
One distinction between radical innovation and incremental innovation is the degree of new 
knowledge embodied and the level of familiarity with the technology. Thus, radical innovations 
are regarded as risks due to unfamiliar knowledge applications. (Dewar & Dutton, 1986) Norman 
and Verganti (2014) claimed that the major difference is about the uniqueness of the technology, 
continuity of modification and the degree of novelty. Furthermore, it is seldom for radical 
innovations to be adopted when they are first introduced. Most of them are even hard to live up to 
their potential because of low practicability, limited capability and high costs at first. Incremental 
innovation is seen as a stable level after transforming the radical idea into an acceptable form that 
is adopted by fast followers. 
 
In summary, radical innovations generate emerging technologies and new domains, creating the 
potential to make changes. While incremental innovations capture the value of this potential and 
optimize it. Hence, radical innovations expand the scope of incremental innovations, and 
incremental innovations continue the development of radical innovations (Norman & Verganti, 
2014).  

2.2.2 Disruptive innovation 
Disruptive innovation is a type of technological innovation and one significant practice. Disruptive 
Innovation Theory was published in 1997 by Christensen, advanced in 2003 by Christensen and 
Raynor and established based on continuous previous contributions which are indicated in Figure 
5. Disruptive innovation is defined as a powerful means of broadening and developing emerging 
markets and offering new functionality, which may enable to disrupt current markets (Yu & Hang, 
2010). Normally, disruptive technologies are initially inferior to the current mainstream 
technologies on the performance of functionalities which are important to major users but provide 
diverse values from mainstream technologies (Christensen & McDonald, 2015).  
 
According to the latest work from Christensen & McDonald (2015), there are several important 
misunderstandings about disruptive innovation. A quick recap of the first point: disruptive 
innovation is a process rather than a product or service. Disruption refers to the evolution process 
of certain products or service over time, during which time smaller companies with limited 
resources enables to challenge established businesses. Secondly, these business models built by 
disruptors are distinct from those of incumbents. For instance, the iPhone from Apple is a typical 
example that targeted the smartphone market through both product improvements and a new 
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business model. In addition, not all disruptive innovations can succeed and not all successful 
businesses are disruptive because the success is not a factor of the definition.  
 

Figure 3�Timeline of evolution of Disruptive Innovation Theory, source:  Yu & Hang(2010) , p.5 

2.2.3 Open innovation 
The open innovation is defined as “a distributed innovation process based on purposively managed 
knowledge flows across organizational boundaries, using pecuniary and non-pecuniary 
mechanisms in line with the organization's business model” (Chesbrough, H., & Bogers, M. 2014). 
This definition discovers that open innovation is highly influenced and related to different levels 
of influencers, such as external players: the consumers, the suppliers, the industry or the overall 
social factors other than the firm only.  
 
In this paper, we research and discuss the AM technology’s impact on Adidas in the latter practical 
case study paragraphs. Considering Adidas is implementing open innovation strategy across its 
business, and normally mentions the breakthrough technologies under the scope of innovation, we 
delimit our study of the AM’s impact to the firm within the scope of business open innovation in 
this paper as well.  
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3 Methodology 

3.1 Research design 
Due to the purpose of this study was to descriptively provide a review of Additive Manufacturing 
technology development through MLP theory, as well as explore the impact on a business within 
the scope of open innovation from AM technology via an empirical firm case study, both a 
deductive and an inductive research design were chosen in the study. The deductive research 
approach was applied in the review of AM technology development through MLP theory, whereas 
the inductive research approach was chosen in the Adidas case study.  
 
The deductive approach acts as a theory testing process that started with a generalization or an 
established theory and tests the empirical case with the theory for seeing if it is matched (Hyde, 
2000). In the review of AM technology, we use the deductive approach to investigate its 
development history, to present its innovation process by integrating the technological innovation 
and multi-level perspectives. In this way, we address the first research question of this paper by 
creating the AM development diagram under the framework of MLP (see figure 18, a review of 
AM technology innovation process), through combining an in-depth literature review and further 
analyzing the AM development phenomenon within the MLP framework.  In other word, we are 
able to deliver one of our findings and answer the research question of ‘How does Additive 
Manufacturing technology develop as a disruptive innovation?’, thanks to the use of the literature 
review in depth, to discover the AM technology’s development with a start of radical niche 
invention (first 3D printer), to a widely used technology, to bring socio-level impact, and upgrades 
to another innovation process with a new emerging radical niche (4D printing technology). 
      
The inductive research approach acted as a theory building process of moving from specific 
instances to the general phenomenon. The phenomenon explanation is generated based on the data 
and information gathered (Hyde, 2000). The illustrative case study approach was chosen in order 
to study the impact from the application of additive manufacturing technology, plus, the purpose 
of the approach is to illustrate new or progressive practices based on empirical business cases 
(Collis & Hussey, 2009). In the part of Adidas case of this report, both the inductive research and 
the illustrative case study approach is used because we started with vague knowledge and 
incomplete understanding of the enterprise rather than internal comprehensive information or a 
clear framework based on established theory. We collected, reviewed and summarized our findings 
during the whole process of the case study, we explored the AM technology’s impact on the 
business with the particular emphasis in the scope of open innovation and answered the second 
research question of the paper.  

3.2 Literature review   
Literature review aimed to present historical research studies, previous contribution and industrial 
information that jointly acted as a basis for additive manufacturing technology study (Cooper & 
Schindler, 2008). In order to obtain the more necessary knowledge and study the impacts of AM 
technology innovation as well as its application from diverse aspects, we scanned and reviewed 
relevant literature through keywords search via google scholar search. It is known that AM 
technology is regarded as the frontend technology, acting as the emerging technology with great 
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potential in the case we studied in this report. In addition, dominant and developing technologies 
in the industry are always changeable, so the latest and available contribution was valuable and 
necessary. Therefore, we further searched and reviewed the latest studies especially about the latest 
AM technology and the Adidas case. Even some of them are still too new and only appears in 
some industrial journals or websites instead of in the form of books or academic thesis, we studied 
and cited some carefully in order to make this report closer to the latest developments. This might 
cause the reference bias issue on another hand by the way.  
 
The first part of the literature review expresses the history and development of additive 
manufacturing technology. The second part provides a framework for the study of AM 
technology’s shifts along with technological innovation on different levels under the scope of MLP 
theory. Using the methodology of the literature review, we do a thorough review of the AM 
development, from its emerging in 1984 until the industrial’s estimation expected to achieve until 
2050 in this part. Huge potential and multiple advantages support AM technology to develop 
rapidly and replace traditional methods in some fields. Eventually, AM technology has attracted 
worldwide attention and nation wise development in the globe from the macro social-level. In this 
way, we could be able to integrate the MLP theory with the AM trajectory and deliver our findings 
in the next section, and finally form our contribution to the review of the AM technology 
innovation process.  
      
Regarding literature review throughout this paper, most of them are searched online, Google search 
engines, Google Scholar for academic research, and the library resources of the Royal Institute of 
Technology contribute the most part of resources about research and literature review of this report. 
These references were highly credible due to respected and published research journals. We greatly 
appreciate the Royal Institute of Technology that grants access to the majority of the available 
literature materials including thesis, research publications, and reference books. In our search, key-
words such as “MLP theory”, “niches”, “regimes”, “landscape”, “multi-level perspective”, 
“emerging technology”, “disruptive innovation”, “radical innovation”, “incremental innovation”, 
“disruptive innovation”, “open innovation”, “technology shift”, “technological innovation”, 
“additive manufacturing”, “AM technology”, “3D printing”, “4D printing” are used both alone 
and in combination with other key-words.  

3.3 Case study 

The case study method allows us to examine the information and data researchers gathered within 
a specific context. Exploration and investigation of a contemporary practical phenomenon from a 
detailed analysis of contextual and limited conditions are the true essences of the case study. We 
choose to conduct both explanatory and descriptive case study which conclusively analyzed the 
gathering information both in surface and deep level for providing an explanation of the 
phenomena in the data (Zainal, 2007).  
 
In trying to identify how Additive Manufacturing technology impacted the enterprise, one 
empirical case study is carried out and we select the firm Adidas that has adopted the latest AM 
technology (Digital Light Synthesis) as the subject of the case study. The empirical case 
information guided us in the research including theoretical understanding, actual impacts, practical 
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changes, and application. Furthermore, the AM’s impact to the business open innovation is 
thoroughly discussed and studied in mixed perspectives (product, process, position, and paradigm).  
 
For empirical data and information sources in the case study, we mainly collected data from annual 
reports of Adidas, some typical publication and industrial websites such as Forbes, 3D Printing, 
ASTM International, and industrial organizations insights such as Delloit, Wohlers, Gartner, HP, 
etc. by screening and locating keywords containing “Adidas sneakers”, “3D printing”, “Additive 
manufacturing”, “Carbon”, “innovation”, “DLS”, “Futurecraft 4D”, “customization”, 
“localization”, “recycled materials”, “distributing process”, “digitalization” “sustainability”. 
These keywords were used both alone and in combination with each other. 
 

3.4 Validity, Reliability and Generalizability 

With the purpose of evaluating the scientific quality of this paper, this section is to review the 
validity, reliability, and generalizability of our scientific methodologies. Basically, validity is of 
trying to study the right phenomenon, meanwhile, reliability aims to study the phenomenon with 
the right methods (Blomkvist & Hallin, 2015).  
 
Speaking of the reliability of the study, for the descriptive case study, a descriptive theory should 
be expressed first to support the description of the phenomenon (Zainal, 2007). In this paper, the 
literature review part contributed to coping the challenge of providing the necessary background 
for further findings of the review of AM technology development and innovation process. 
Furthermore, the replication of the results in the case study is available since all data sources were 
public published and easily accessed. Besides, we, as researchers, hardly interpret and affect the 
results because these data were not generated by us. But the selection of data became the main 
challenge, especially, non-first-hand source might carry with subjective bias from the data 
collector. For improving the reliability of our study, we mainly gathered the empirical data from 
the annual reports of Adidas and some reputable publications. Generally, one positive aspect of 
this method is that it was able to increase validity since the source is regarded as the first-hand 
source because it was officially published by the enterprise and as valuable data from professionals 
and inner-enterprise personnel who played significant roles in strategic planning of the firm. 
 
The case study in this report is qualitative, meanwhile, a generalized conclusion is failed to be 
provided due to a single case, but an in-depth longitudinal examination of a single case enables us 
to deeply analyze the subject from multiple aspects, resulting in complementing the 
generalizability of the study. 
 
In conclusion, the methodology section covers the methodologies we adopted in this report for 
answering the research questions. It includes the research design, two methods of the research 
applied (literature review and case study) of the paper. The end of this section proposes some 
criticism of our work by presenting reliability, validity, and generalizability of the research.  
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4 Literature review - AM technology development 
The additive manufacturing technology has been developing rapidly since its emergence in the 
1980s, and indicates a great potential in multiple aspects for future development. In this section, 
we do a thorough literature review about the AM technology’s development in the past three 
decades, and its possible directions in the future based on the research on various studies of this 
industry. In this way, we explored an overall picture of how AM develops in the past as a 
revolutionary technology to change the traditional manufacturing and its multiple possibilities in 
the near future along with its quick development as a highly value-added technology for various 
perspectives from different levels.  

4.1 Definition and development timeline of AM 

The Additive Manufacturing (AM) technology, also known as 3D printing (Lipson and Kurman, 
2013), is defined by the ASTM International (2012) as building three-dimensional objects by 
adding successive layers of material, one atop another, as directed by a CAD (computer-aided 
design) file that contains all the necessary parameters: thickness, shape, contours, etc., in contrast 
to traditional subtractive manufacturing technologies. Particularly, along with the 3D printing 
technologies development and maturity in different perspectives, which is widely spreading in the 
consumer products arena in recent years. (ASTM, 2012) 
 
Since the first concept released through the patent of directing a laser onto a tray submerged in 
liquid plastic, fusing a layer of solid plastic on top by Wyn Kelly Swainson in 1977(Swainson WK, 
1977), the first 3D printer invention in 1984 by Charles (“Chuck”) Hull (Hull, 1986), 3D printing 
has developed at extreme rapid speed, and which has been described as the next industrial 
revolution (Barnatt, 2013), a disruption to the manufacturing industry as profound as the Industrial 
Revolution (Petrick, 2013). Additive Manufacturing disrupts supply chain design (Waller, 2014), 
impacts the global supply chain and logistics industry as one of the most disruptive innovations 
(Mohr, 2015), changes business model innovation (Rayna, 2016), pushes the boundaries of cost 
efficiency, convenience, and customization (Banks, 2013), represents a relative novel technology 
in manufacturing which is associated with potentially strong stimuli for sustainable development 
(Gebler, 2014), has the potential to create geometrically complex parts that require a high degree 
of customization, using less material and producing less waste (Mani M, Lyons K W, Gupta, 2014). 
Market expert Terry Wohlers forecasts that end products will account for 80 percent of the total 
AM production output by 2019 (Davidson,2012). 
 
The figure ‘Additive Manufacturing Adoption Timeline’ (Figure 4) briefs a development history 
of AM technology, since its first application in rapid prototyping in 1986, the Additive 
Manufacturing illustrates the potential to have further growth and extend usage within various 
production areas (Deloitte Service, 2014), from the entry level of prototyping to estimated a 
completed product system.  
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Figure 4�3D Printing Development Timeline, source: Dmaringk (2017) 

4.2 AM (3D Printing) Development I - emerging and initial 
application 

The first 3D printer was invented by Chuck Hull in 1984, recorded in his ‘patent for 
stereolithography’. In 1986, Chuck Hull started to apply this disruptive technology into the rapid 
prototyping field and triggered the 3D printing’s commercial application.  
 
Since Additive Manufacturing technology was first applied to the rapid prototyping (Hull, 1986), 
AM technology has been used for more than two decades for rapid prototyping and small-run 
production in a variety of industries (Gibson, Rosen, and Stucker 2010), which mainly developed 
in three key elements: application, materials and design (Campbell I, Bourell D, Gibson I., 2012).  
 
Along with the deeper and wider application in the rapid prototyping, 3D printing significantly 
enhances the efficiency and flexibility in the prototyping of complex parts, which further 
stimulates the industry to Direct Digital Manufacturing (Mueller B., 2012). 3D printing technology 
enables a complex design to be uploaded from a CAD model and printed in a few hours, compared 
with the traditional days or weeks prototyping through a tool, this advantage of the 3D printing 
makes the design much more efficient and cost saving. As Figure 5 shows, the rapid prototyping 
in the use of 3D printing removed the traditional prototyping processes significantly.  
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Figure 5�The 3D printing process (red) compared to the traditional manufacturing process (black), Ben(2018) 

Since 2010, along with the majority growth of 3D printing technology, more and more relatively 
low cost 3D printers emerge in the market, which as a result, promoting the additive manufacturing 
application in design and prototyping significantly, more and more players entering into AM 
industry, and the 3D printing develop from a niche technology originally to a vast segment of the 
rapid prototyping industry. (Refer to Figure 6 and Figure 7) 
 
      

Figure 6�Growth of Rapid Prototyping, source: Wohler’s report (2010), p.2 

 

Figure 7 Number of printers under $5000 sold globally per year, source: Wohlers report(2015) 

To the present, it has already realized to 3D print prototype circuit boards (Kawahara Y, Hodges 
S, Cook B S, 2013). Prototyping, as the leading utilization of Additive Manufacturing, is estimated 
to contribute around 70 percent of the prototyping market and earns approximately USD2.2 billion 
annually (Morgan Stanley, 2013).  



19 

4.3 AM (3D printing) Development II - expanding and adoption in 
multiple industries 

The continuously growing consumer market brought the second wave of the disruption along with 
the expiration of some of the 3D printing core patents from the 1980s. (Kalevi Kilkki, et al, 2017) 
The Additive Manufacturing (3D Printing) technology has started penetration into different 
industries as the Figure 8 ‘3D printing market segment adoption curves’ illustrates, which has 
developed from the revolution to traditional prototyping known as rapid prototyping field to 
various arenas, molding, and tooling, manufacturing, personal fabrication.  
 

Figure 8�3D Printing Market Segment Adoption Curves, source: Christopher Barnatt(2016), p.13 

In 2007, 3D Printing was first time illustrated in the Hype Cycle for emerging technologies by 
Gartner, positioned in the interaction area of the first phase and the second phase of the Gartner 
Hype Cycle, the meaning of the expectation of mainstream adoption in the next 5-10 years.  
 

 
Figure 9�Gartner Hype Cycle for Emerging Technologies, source: Gartner (2007) 
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Along with 3D printing technology penetrating into the various single sector of manufacturing, 
Gartner first time published a dedicated study on 3D Printing to specify this technology in details 
in the shape of ‘Hype Cycle’ curve in 2015 (Figure 9). From this graph, with a dive deep, different 
3D Printing technology in the different industrial fields is clearly spread in different Hype Cycle 
phases, showing with different applications of 3D Printing technology. 
 

Figure 10�Gartner Hype Cycle for 3D Printing, source: Gartner (2015) 

From this graph (Figure 10), the Consumer 3D Printing is on the ‘Trough of Disillusionment’ 
phase, meaning with another five to ten years to achieve its plateau stage, meanwhile the ‘3D 
Printing for Prototyping’ is positioned at the end phase of ‘Plateau of Productivity’, meaning the 
mainstream adoption in this area (Gartner,2015). 
 
      

 
Figure 11�Total Additive Manufacturing Market Size, source: SmarTech Markets Publishing (2018) 
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In over 30 years, additive manufacturing (3D printing) technology has developed incrementally 
since the first radical 3D printer invention and application. The AM processes were formally 
standardized in seven categories (ASTM international, 2012), in eighteen different technologies 
(John Wiley, et al, 2006), mainly adopted for rapid prototyping in different tool production areas 
such as automotive, machinery, aerospace and medical care (S. Zistl, 2013), and keeps growing in 
different segments, even emerging hybrid manufacturing (Z. Zhu, et al, 2015), in the foreseeable 
future, the AM technology is playing a critical role in the social manufacturing system (Jiang P, 
Ding K, Leng J., 2016). 
 
During the process of 3D printing development, the cost of the industry keeps decreasing on 
machine operation costs, material costs and labor costs (Ben Redwood, 2018), which stimulates 
more players entering into the AM industry; meanwhile, the market size of additive manufacturing 
technology keeps increasing, in 2018, the AM market appears a balanced growth in its evolution 
in various segments, and forecasted to achieve nearly $41B market size by 2027. (SmarTech 
Markets Publishing, 2018) 

4.4 AM (3D printing) Development III - distributed manufacturing 
and social manufacturing  
Globally, the AM (3D Printing) processes develop and expand to more and more industries and 
regions. The AM technology is under rapid growing worldwide, in the past 7 years, the total 3D 
printing market has grown by nearly 5.7 times. Taking the top five key industries impacted by 3D 
printing as the example: Heavy Industry, Automotive, Consumer Products, Healthcare and 
Medical, and Aerospace, which are estimated to account for 76% of the global manufacturing 
sector, totaling US$ 9 trillion per year of total output, we would have to say this technology is 
bringing a macro-economic effect from landscape level in the globe.  
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Figure 12�Global Growth in 3D Printer Revenues ($M) , source: A.T. Kearney Analysis HP (2017), p.25 

Under such circumstances, various countries are beginning to think through what this shift in 
manufacturing means for them. It is not only a firm or an industry is paying high attention to how 
to develop or innovate from the additive manufacturing technology, but even on a country level, 
the 3D printing technology has been valued, framed and invested in a more strategic way. Many 
countries have built a national strategy to promote 3D printing, some national additive 
manufacturing innovation centers are built, such as in China, planned to invest $245 million over 
the next seven years to boost the development of 3D printing. (Wohler's Report, 2017) More and 
more governments drive the 3D printing technologies development and accelerate an ecosystem 
to increase competitiveness in the new generation industry revolution, in return, the national level 
strategy for 3D printing further foster the technology adoption and development in wider scopes.  
 
The 3D Printing Country Index chart (Figure 13), developed by A.T. Kearney, indicates the degree 
to which a country’s governance, capabilities, and economic assets support the adoption of 3D 
printing. The Index is based on six different dimensions: 3D printing, demand, trade, people, 
governance and technology. 
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Figure 13�3D Printing Country Index, source: A.T. Kearney Analysis HP (2017), p.29 

We could see from these data the additive manufacturing technology is far from a singular 
technology that influences a dedicated firm or an industry, but impacting the whole world’s 
economy, not only from a design or manufacturing process but also from a wider societal and 
macro-economic perspective.         
       
However, valuable investment depends on a thoughtful strategy for implementation and operations, 
requiring in-depth analysis and evaluation based on comprehensive understanding. Hence, in this 
paper, we would like to provide a well-rounded review and study on AM technology for further 
evaluation and assessment of its potential value. 
 
3D Printing enables cost-effective customization, the complex supply chain would be 
fundamentally changed driven by the localized manufacturing and demand balance between the 
customer and the manufacturers (HP, 2017). The manufacturing processes would be significantly 
shortened and optimized with the 3D printers and the materials spreading distributed across the 
globe, which shows a highly localized and customized trading model. Manufacturing moves closer 
to end consumers, new business models are developed and form a new economic disruption (HP, 
2017). Under such circumstances, the traditional manufacturing model is replaced by the new 
production processes, a kind of distributed manufacturing, and the customers play more active 
roles during the whole process from product design, manufacturing to final delivery, the whole 
process is significantly simplified. Hence, most of the perspectives such as the social level of 
educational demand, job opportunities, environmental effects, and collaborative partnership would 
be highly influenced and changed. In this way, the 3D printing technology is triggering a social 
level change, rather than a purely industrial or technological change.  
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Figure 14�3D Printing: Ensuring Manufacturing Leadership in the 21st Century, source: A.T. Kearney 
Analysis HP (2017), p.12

The social networks and mobile technologies development further stimulate the additive 
manufacturing paving to the direction of ‘Social manufacturing’ (Babak Mohajeri, et al, 2016). 
The social manufacturing is a complete paradigm change of the traditional production model as 
the customer is playing a totally different role as expected as before, the consumer becomes an 
active driver rather than a pure product or a service receiver in the whole value chain. Under such 
circumstances, the role of customer changes from a pure consumer to a ‘prosumer (producer + 
consumer)’ due to the attributes of more personalization, servitization and mass collaboration 
between the producers and the customers through highly digitalized interactions (Jiang P, et al, 
2016). In the fashion industry, with the help of the additive manufacturing technology, the 
consumers could 3D print the product they would like to purchase, hence they could own a highly 
personalized product as they expected (Babak Mohajeri, etc., 2016). 
 
The digitalization such as digital social media, cloud-based data storage, big data calculation, 
Internet of Things (IoT) and Cyber-Physical Systems (CPS) under industry 4.0 further pushed the 
integration of multi-party collaboration and communication across whole manufacturing processes 
(Manuf Lett, 2015). In the social manufacturing environment, socialized resources and highly 
individualized demand work together to push the production more integrated, more flexible, more 
efficient, and more socialized (Babak Mohajeri, etc., 2016), consequently the manufacturing 
process would become an on-demand global manufacturing system based on a public-owned 
platform (Mohajeri, Babak, 2014).  

4.5 AM (3D Printing) Development IV - 4D Printing  
Innovations ‘will not simply spread but will mutate and evolve as they spread.’ (Yoo et al., 2012). 
Additive manufacturing technology has been experiencing continuous incremental development 
on multiple aspects since the first 3D printer was invented in 1984 as a radical technology. On the 
basis of 3D printing, 4D printing was initiated and termed by a research group at MIT in 2013 
(Tibbits, 2013), thanks to the contribution of smart materials, 3D printers, and mathematical 
modeling and design (Choi et al. 2015). Smart materials are those materials with the capability to 
change themselves in shape, or properties over time. 4D printing is time-dependent, printer-
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independent, and predictable. It’s a targeted evolution of the 3D printed structure, in terms of shape, 
property, and functionality. It could achieve self-assembly, multi-functionality, and self-repair (F. 
Momeni, et. al, 2017). 4D printing shows advantages over 3D printing in several aspects (Jacobsen, 
2016). 

Figure 15�A review of 4D printing, source: Farhang & Seyed M & Xun(2017), p.1 

In 2017, AM (3D Printing) technology, in the curve of Gartner Hype Cycle for Emerging 
Technologies 2017 (Figure 16), has been replaced by 4D Printing as the first time. In this curve, 
4D Printing appears in the ‘Innovation Trigger’ phase, the stage of ‘A potential technology 
breakthrough kicks things off. Early proof-of-concept stories and media interest trigger significant 
publicity. Often no usable products exist and commercial viability is unproven.’, which showing 
a trend of over ten years of development to achieve the plateau phase.  
 

Figure 16�Gartner Hype Cycle for Emerging Technologies 2017, source: Gartner(2017) 
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5 Discussion and findings 

5.1 Technological innovation of AM technology through MLP theory 

Regarding the definition of disruptive technology in the previous theory part, we regard the AM 
technology (3D printing) as a radical innovation in the emerging phase, as an incremental 
innovation during the stable expansion phase and as a disruptive innovation in the whole 
developmental process in the paper. 
 
We create a graph (Figure 17) to describe the developmental trajectory of AM technology from its 
emergence to the current state and also predict its future development based on the literature review 
of additive manufacturing technology as well as the study of technological innovation throughout 
the framework of the multi-level perspective theory. We use three dimensions (timeline, 3 levels, 
cause and effect) to illustrate the AM technology’s development in this graph, showing its 
development from its emergence as a radical technology in the past, to its penetration and 
development in multiple areas in recent years, and finally to its future predictions from foreseeable 
viewpoint. Meanwhile, this graph illustrates the AM technology’s position in different timing and 
different phase, from the niche, regime to landscape levels. In this way, the AM development 
trajectory is elaborated through the framework of MLP theory with this graph and hence provides 
the answer to the first research question of this paper: how does additive manufacturing technology 
develop as a disruptive innovation. 
 

Figure 17�A review of AM technology innovation process 
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5.1.1 3D printer developed as a radical innovation in the niche level 
Thanks to the 3D method concept, computer-aided design and laser interferometers as a basis, 
Chuck Hull invented the first 3D printer in 1984, and put it into application in prototyping in 1986 
and therefore generated ‘rapid prototyping’ with the 3D printer. This formed a radical 
technological innovation to all the traditional prototyping methods as which completely changed 
the whole process of prototyping, in other words, the invention of the first 3D printer as a radical 
technology scratched a new technological niche in 1980’s prototyping manufacturing market. 
 
The first twenty years since AM emergence, AM technology was protected with patents to some 
extent, experienced relatively slow development in some small-scale applications, had gradually 
development through rapid prototyping, with major elements like application, materials, and 
design (Campbell I, Bourell D, Gibson I., 2012). During the niche level, increasing new 
improvements, especially low cost 3D printers, promoted the development of AM technology via 
investments attraction, collaborative partnership, research devotion on design and prototyping, 
practical application, etc., but the application was still in a narrowed scope and isolated industries 
due to small-run production, high cost, patents protection, etc. 
 
Meanwhile, the traditional subtractive manufacturing technologies were dominant in the 
prototyping field which has been the leading application of AM technology with the expectations 
of optimizing manufacturing technologies from the landscape at that time (Morgan Stanley, 2013). 
Advantages of rapid prototyping, such as cost saving, higher efficiency, and flexibility, offer AM 
technology opportunities and possibilities of breaking previous stable trajectories of the regimes 
or even replacing the traditional manufacturing technologies. 

5.1.2 AM technology expanded and was adopted in the regime level 
Radical innovation gained chances to occur and continuously develop in the regime. Meanwhile, 
it formed its own trajectories and networks in this phase, on account of the fact, AM technology 
was derived as a technological niche and then continued to conduct continuous development as an 
incremental innovation from niche stage to the regime stage, while AM technology application 
emerged as a market niche as well during the period. Regarding we focused on technology 
development, further discussion was mainly in technological innovation aspects. 
 
At the regime level, an increasing number of players that were involved in the application of AM 
technology contributed to AM technology development and drove the developmental direction. 
Continuous technological improvements in design, material, and application promoted AM 
technology to grow fast. Plus, the expiration of core relevant patents around 2010 created more 
opportunities and values for broadening AM technology application (Kalevi Kilkki, et al, 2017), 
resulting in market growth and expansion in multiple industries like rapid prototyping, molds and 
tooling, digital manufacturing and personal fabrication. AM technology was widely adopted in at 
least seven categories, hence, new systems, rules, collaborations, networks were established under 
rapid development.  
 
On the other hand, such conditions contained technology developments, patents free, education 
improvement, increasing players, market growth and industry expansion also established a suitable 
environment for stability on the development of AM technology. Furthermore, significant 
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superiorities allowed AM technology to widen application in the rapid prototyping gradually over 
traditional subtractive manufacturing technologies, which means potential values of AM 
technologies were identified in different industries. 

5.1.3 The change of landscape and 4D printing emerges 
Normally, the landscape is stable but still changes when forces from regimes are significant (Geels, 
2012). Due to the factual influence of AM technology, we considered that AM technology has 
been posed on the developmental process from regimes level to landscape level at present. Also, 
the landscape put pressures, created opportunities, provided established networks and set 
expectations for new changes. For instance, in view of digitalization, interactions between 
manufacturers and end-customers become increasingly transparent and frequent, causing shifts in 
customer behaviour and expectation. New challenges and expectations are pressures, but also new 
chances. Customers are more likely to change from passive receivers to active purchasers who are 
able to interactively influence products and production, while AM technology enables them to 
create conditions for more customization, personalization, servitization, etc.  
 
Along with stable and rapid development these years, AM technology has created potential values 
in localization and customization, also is driving the production processes to localization and dis-
centralization, hence the local economic growth might be stimulated further due to a global supply 
chain transiting back to a localized supply chain.  
 
In other words, the disruptive innovation is expected to promote landscape changes, while the 
whole developmental process of AM technology is regarded as a disruptive innovation which is 
gradually replacing historical technology and is possible to disrupt in extended factors such as 
environment, industries, supply chain, business models, technologies, customer behaviors and so 
on. For example, more job opportunities in the field are able to be provided and corresponding 
technological personnel is needed via training for satisfying considerable manpower demand. Due 
to cost reduction of the distributed manufacturing processes in transport, logistics, inventory, etc. 
as well as potential market opportunities, cross-field collaborative partnerships, such as 
collaboration about Adidas and Carbon, which was deeply discussed in the next section, are 
expected to be established. From the sustainability point of view, internal enterprise sustainability 
and external environmental sustainability can be both influenced by disruptive innovation. 
Enterprises may consider the pursuit of sustainable development of itself, so the advantages of AM 
technology, like reducing total cost and emerging opportunities, are beneficial in terms of 
sustainable growth. As for the environmental effect, obviously, the supply chain with more 
customization and more localization is more environmentally friendly due to fewer inventories 
and logistics.  
 
Furthermore, in pace with the maturity of additive manufacturing technology, more advanced 
technologies based on it were initiated. With the contribution of smart materials, 3D printers and 
mathematical modeling and design (Choi et al. 2015), 4D printing was generated as another niche 
under rapid and productive AM technology development. Obviously, superior advantages of 4D 
printing, like predictability, time-dependence, and printer-dependence, are possible to complement 
insufficiency of existing technologies, create more opportunities and promote new changes in 
multiple economics and societal areas, which creates a new incubator system for the future 
development of AM technology on a new niche level.  
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5.1.4 The AM trajectory summary in the frame of MLP 
Summarizing all these steps of AM development, we could deliver our findings on the AM 
trajectory in the lens of MLP theory: (i) AM started with the first 3D printer invention as a radical 
technological innovation. (ii) AM developed maturely in the prototyping industry and grown 
rapidly at multiple industries in the regime level. (iii) AM is further extended, various external 
factors influence and being influenced, changing traditional manufacturing to be more dis-
centralized and more socialized in the macro economic and social level. (iv) The 4D printing 
emerges as new radical technology innovation to the industries, triggering a new cycle of MLP on 
another development level.  

5.2 Case study of Adidas  
For further understanding of how the additive manufacturing technology impacts a firm, especially 
a company’s innovation, we conducted a case study on Adidas as which successfully launched its 
first mass production 3D printed sneaker by the end of 2018. We would like to explore how the 
AM is impacting a business innovation and what kind of benefits the business has obtained from 
the application of such a cutting-edge technology into their innovation process. The aim of this 
case study is helping us to answer the second research question of this paper, how does AM 
technology impact the business within the scope of business open innovation. 

5.2.1 3D printing technology adoption and development in Adidas 
Through a review of around two decades historical annual reports of Adidas, as well as some 
critical papers published on the well-known professional websites, such as Forbes, Wohlers 
Associates, ASTM, A.T. Kearney, we studied and summarized the AM technology’s application 
and development in Adidas. 
 
In February 2009, Adidas introduced the Fast and Lean Creation (FLC) process with the goal of 
simplifying the Group’s product creation process, first time introduced 3D design and product 
prototyping into its system. (Adidas Annual Report, 2011) 
 
In 2015, Adidas released a 3D printed sneaker through cooperation with ‘Parley for the Oceans’. 
The prototyped shoes were with 3D-printed midsole using polyester and gillnets, and the upper 
part of the shoes was made from recycled ocean plastic content. For this shoe, Adidas’ aim was to 
realize 3D printing manufacturing with recycled ocean plastic, while in the end mass 
manufacturing process followed the traditional production method instead of 3D printing due to 
the 3D printing manufacturing process low capacity because of long production lead time. 
 
3D printing software tools were tested in all Adidas major business units in 2016. In December of 
2016, Adidas released its 3D-Runners, first time released to the public of a 3D-printed shoe 
manufactured with the technology merges a 3D-printed midsole and heel counter with a Primeknit 
upper. (Adidas Annual Report, 2016) 
 
In 2017, Adidas released their new generation 3D printed sneaker: Futurecraft 4D series product, 
co-worked with Carbon, a Silicon Valley based startup company with an additive manufacturing 
technology ‘Digital Light Synthesis (DLS)’ - a method of continuous liquid interface production, 
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with this new 3D printing technology, the manufacturing capacity increased significantly, which 
is ‘100 times faster’ than the roughly 24 hours required of traditional 3D shoe printing technology. 
Through DLS technology, the manufacturer could digitalize customer’s data onto the cloud-based 
software, then use these data to produce the shoe’s midsoles from resin without waste as traditional 
injection molding does. Such increased capacity and no waste process enables the mass production 
being achievable and competitive.  
 
In 2018, Adidas announced its partnership with Carbon, the professional 3D printing technology 
producer. With the new technology of DLS from Carbon, Adidas officially departed from 3D 
printing and brings additive manufacturing in the sports industry into a new dimension. Through 
co-working with Carbon, Adidas produced more than 100,000 pairs of this high-performance 
footwear in 2018 and all product drops were sold out within 24 hours. Futurecraft 4D, the first 
shoe to feature a 3D midsole, was recognized with the ‘Gold Lion Design’ and the ‘Silver Lion 
Innovation’ awards in Cannes in 2018. (Adidas Annual Report, 2018) 
 
With a look towards the future, Adidas invests additive manufacturing in its footwear production 
through a partnership business model with technical suppliers, cooperating with additive 
manufacturing technical companies instead of development by themselves enables Adidas to 
achieve to mass production level very soon, which brings it the leading position in the industry 
further.  
      
The Futurecraft 4D sneaker is such a result of cooperation between Adidas and Carbon, a 
traditional brand giant and an additive manufacturing technology startup company.  
 
From Adidas each year’s annual report and professional public papers, we summarized its 3D 
printing technology application history into one timeline as Figure 18. Obviously, it seems not a 
long history for Adidas to invest in the AM technology, but it is playing a leading role in 3D printed 
sneakers field through its latest launched product of Futurecraft 4D sneakers. The instantly-
recognizable midsole has been crowned as one of the twenty-five best inventions by Time 
Magazine (2017), the DLS technology applied on Adidas Futurecraft 4D officially marks a 
departure from traditional 3D printing and redefining the limits of manufacturing and high-
performance footwear (Sole, 2018).  
      

Figure 18�Timeline of Adidas 3D printing Development 
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5.2.2 Impact of 3D printing to Adidas Innovation 
3D printing technology brought a significant impact to Adidas from multiple perspectives, in this 
paper, we delimit our study on the latest Adidas 3D printed product of Futurecraft 4D sneaker, to 
study the AM’s impact to the business innovation of Adidas. In Adidas, there are different projects 
running under innovation scope, such as ‘Fashion for Good - target to make fashion sustainable’, 
‘Parley for the Oceans - target to upcycle the plastic waste’ ‘Oechsler - target to set up Speed 
factories to improve manufacturing efficiency’, the ‘3D-printing’ has been always in the scope of 
Adidas business innovation as well from its annual reports. Therefore, we delimit the study of the 
3D printing’s impact on Adidas under the framework of innovation in this paper. Other than the 
impacts mentioned in its annual report by Adidas, we dive deep into the impacts from the 
innovation mix point of view by using the 4P’s innovation theory developed by Tidd and Bessant 
(2005).  
 
The 4P’s of innovation as described by Tidd and Bessant are product, process, position, and 
paradigm (Tidd J., et al, 2005), this tool enables the user to discover what the innovation process 
could improve and bring to the business in the practical perspective. 4P’s innovation tool gives a 
direction of where to go, which areas to innovate and how to incubate a new idea.  

We would like to provide support to the AM industrial players about how the application of AM 
technology would impact the empirical business operation through this report, that’s why we select 
the 4P’s innovation tool to discover why a business adopts AM, and what the result of using the 
AM brought to a business. In planning, the 4P’s help an organisation to understand where it is and 
how to improve the business through the innovation from different perspectives of product, 
position, process, and paradigm. 

Product innovation: recycled materials + highly customized final product due to AM 
Product innovation conveys the changes in the things (products/services) what an organisation 
offers (Tidd J., et al, 2005). The suggestions normally include ways to make the product better, 
known as incremental change, or to make the product completely different or radical change to 
differentiate other competitors in the market. 
 
Adidas Futurecraft 4D, the latest 3D printed sneaker, reflects product innovation from both the 
material and the final product delivered to the customer. The sneakers’ midsoles are produced 
through Carbon’s Digital Light Synthesis (DLS), in which a liquid resin that uses light to set the 
shape and heat to bind the mechanical properties.  
 
From the material point of view, different from traditional sneakers, Futurecraft 4D mainly uses 
the recycled nylon and polyester as the material, more than 90% of the materials used on 
Futurecraft 4D can be recycled per Adidas claimed. Some materials, like cotton, require electric 
equipment or machinery to harvest before the textile process, which releases CO2 emissions into 
the air. Similarly, the standard nylon and polyester are made from burning fossil fuels, like 
petroleum, which is with CO2 emissions as well. However, as primarily using recycled nylon and 
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polyester as the material on Futurecraft 4D sneaker, Adidas is able to reduce such kind of CO2 
emissions. Liquid resin originates from the recycled nylon and polyester reduces the CO2 emission, 
and due to the Digital Light Synthesis 3D Printing process, there is nearly no extra waste during 
the production process other than the materials needed for the sneaker itself, the scraped products 
could be easily turned into materials for new products as they could be highly recycled and used. 
 
The final product, on the other hand, is highly customized. In contrast with the traditional product 
manufactured through an injection molding process, Futurecraft 4D is manufactured through 
Carton’s additive manufacturing technology - Digital Light Synthesis (DLS), a method of 
continuous liquid interface production. The Digital Light Synthesis technology uses light and 
oxygen to make plastic objects like the Futurecraft 4D sneaker midsoles from resin directly, in this 
way, the production would follow the product design and realize the highly customized product 
through a cloud-based software model, instead of the traditional injection molding machine. This 
means Adidas could gather consumers’ feet data and store them into the cloud then realize a highly 
personalized product through the DLS 3D printing process in the end, optimize the structure of the 
shoe for different sports and bodies. “Based on years upon years of athlete data, the Futurecraft 
4D’s 3D printed midsole is designed to provide a controlled energy return. Comprising of over 
20,000 struts, each one can be individually tuned to enhance control on energy return necessary 
for a specific function, meaning that Adidas can, in essence, tailor sneakers for specific things. For 
example, the shoes you’d need for running will be different from the shoes you’d need for 
mountain climbing, so with this tech, Adidas will be able to create footwear made for a specific 
activity – something that is currently not possible with Boost.” (Sole, 2018). 
 
Process innovation: integrated design and production process + supply chain and 
distributing process 
Process innovation refers to changes in the way things are created and delivered (Tidd J., et al, 
2005), that says how to create the offering. Thinking of all the steps taken, such as supplying, 
workflow, hiring people, and training. How can this all be enhanced to increase the profit or 
efficiencies, and how to carry out these processes in the business operation? 
 
The Adidas 3D printed Futurecraft 4D innovates the process from product design to mass 
production, rewrites the supply chain from manufacturing to selling.  
 
With the help of Carbon’s Digital Light Synthesis (DLS) technology, Adidas unlocks the design 
freedom and enhances their shoe performance. The Carbon’s DLS technology uses light and 
oxygen to make the shoe midsoles from resin directly, in this process, the resin could be tweaked 
and fed to the printer to print out the designed sneaker through a cloud-based software model. 
Using the Carbon’s DLS technology, the Adidas Futurecraft 4D production could integrate the 
designing process, and shorten the lead time from R&D to mass production significantly. 
 
It might be not competitive compared with traditional manufacturing method on the scale, while 
the additive manufacturing has an obvious advantage in the terms of cycle time and cost of design, 
prototyping, production, and delivery. Traditionally, sneaker product development follows four 
steps: designing, prototyping, tooling, and production. In this way, a pair of sneakers could take 
15 to 18 months from design to arrival in retail stores. While it only took 11 months on the 
Futurecraft 4D from ideation to the final product ready to sell. The Carbon’s DLS additive 
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manufacturing technology rewrites the traditional manufacturing process, with the integration of 
design and manufacturing into one process, speeds up the process from new product design to 
market, and decreases the R&D cost due to resource saving from shorter lead time for designing 
and high trial run cost eliminating. During the Futurecraft 4D development stage, over 50 iterations 
implemented before the product design finalization, which is impossible to achieve if using the 
traditional prototyping and injection molding processes. Although with a much shorter 
development lead time, the design flexibility generates more ideal and more reliable product in the 
end. 
 
The new 3D printing process doesn’t just have the edge over traditional design and production 
process, the supply chain and distributing process is also significantly simplified. The 100,000 
pairs of Adidas Futurecraft 4D products are all made in Germany with the help of the Carbon’s 
DLS technology, the materials are easily sourced in Germany as well. Different from sourcing 
from Asia as Adidas most products do, the 3D printed Futurecraft 4D production maximized 
localization. The long supply chain is significantly simplified and shortened benefited from highly 
localization and customization.  
 
Position innovation: customization + in time fulfilment 
Position innovation is the change in the context in which the products/services are introduced or 
in other words where the target of the offering lies and what the story told about it is (Tidd J., et 
al, 2005). This area explains how different roles played in the business, especially the customers, 
the public, or the internal staff or external influencers.  
 
“Creating innovative concepts to meet the needs of athletes and consumers is a prerequisite to 
strengthening our market position in the sporting goods industry and a premise of being the best 
sports company in the world.” (Adidas, annual report, 2018) 
 
With Carbon’s DLS technology, Adidas is able to target different consumer’s demand with a 
different design. The whole value chain is more consumer centric rather than manufacturer-centric 
because of highly customization driven by the technology, which helps the firm capable to address 
more underserved markets, and meanwhile which makes the business model becoming more open 
and more consumer driven.  
 
In Adidas Futurecraft 4D sneaker production, a Stoll CMS 530 HP machine is used to 3D print the 
main fascination of the shoe with Carbon’s 3D DLS printing technology, in this way, “Adidas can 
quickly create soles tailored to specific sports, or specific markets and ultimately to allow a specific 
customized sole printed directly when a customer walks into an Adidas store” as the Adidas’ VP 
of technology innovation said. 
 
In this way, Adidas is capable to have customized design rather than to push their designed 
products to the customers to avoid both supply shortage risk and inventory excess risk. As in the 
existing traditional manufacturing system, once a product design is too popular or not popular 
enough, the firm might face the problem of out of stock or overstock issue, in the end, becoming 
a pressure to the company’s operation as a whole. With 3D printers spread in different stores 
worldwide, it could satisfy customer demand with no extra on hand inventories as the traditional 
business model needed, and meet the consumer’s expectation with a highly personalized design.  
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We could forecast that, under a mature additive manufacturing environment, it would be a highly 
efficient operation in a zero inventory or extremely low inventory model for manufacturers. The 
supply chain would be highly flexible when fully reflect customer demand fluctuations, and be 
with little waste for the whole supply chain process due to little inventory issues, especially to the 
high seasonality industries such as sports or fashion products. As a result, the firm might be able 
to implement a kind of completely in-time model rather than the so-called push or pull model 
because the product or service would be timely provided to the customers as requested. “Digital 
Light Synthesis enables Adidas to bring the most personalized performance products from 
imagination into physical reality”  (Carbon, 2017). 
      
As Eric Liedtke, Adidas Group Executive Board Member Responsible for Global Brands, said 
“With Digital Light Synthesis, we venture beyond limitations of the past, unlocking a new era in 
design and manufacturing. One driven by athlete data and agile manufacturing processes. By 
charting a new course for our industry, we can unleash our creativity — transforming not just what 
we make, but how we make it.” (Carbon, 2017) 
 
Paradigm innovation: cost structure + social manufacturing due to digitalization  
Paradigm innovation is the change in the underlying mental models which frame what the 
organisation does or alternatively how the company frames what it does (Tidd J., et al, 2005). In 
this section, we research how Adidas uses the AM innovation to improve the way of doing business. 
 
Driven by the low cost of manufacturing, Adidas traditionally outsource its sneaker’s mass 
production in low-cost area, Asia. The additive manufacturing (3D printing) provides more 
advantages with its localization and customization when the firm layout the 3D printers around the 
demand market, as the 3D printing manufacturing cost is similar in the globe, in this way, the firm 
optimizes cost structure through relocating the production to high demand area instead of low-cost 
area.  
 
Carbon’s DLS process is not only winning the traditional manufacturing process but also 
competing for the previous 3D printing method due to digitalization. The Carbon’s DLS integrates 
the software, hardware, and chemistry together through a cloud-based software tool, which enables 
the printing cycle time improved 100 times over the previous 3D printers. In the long run, Adidas 
envision their customers watching the products they expected and highly personalized to be printed 
out directly in the retail store when they shop. The DLS’ digitalization tool brings a new paradigm 
in digital manufacturing and design innovation. With such digital tools, it might be possible to 
‘produce on demand’, hence no excess inventories needed.  
 
Adidas Futurecraft 4D sneaker brings additive manufacturing in the sports industry into a new 
dimension, an era of highly digitalized mass production, which enables the traditional sports 
products changing from a highly centralized manufacturing industry to the direction of a more 
distributed manufacturing industry. In the long run, along with the production on demand and 
personalization, the production would be distributed further and turning towards social 
manufacturing direction. 
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Figure 19�4P’s Innovation of Futurecraft 4D to Adidas 

Carbon’s DLS technology as the disruptive innovation rewrites the traditional manufacturing 
processes driven by advanced technology and personalized demand provides Adidas the key 
development resources and technical solutions. The highly customized product with attractive and 
functional design through the use of cloud-based customer data provides a unique product to 
different customers and improves customer relationships. The innovative materials and processes 
such as recycling materials adoption and recyclable final product increase sustainability. The 
localized production improved supply chain cost and efficiency, as long as the customer service 
model. With leveraging Carbon’s technological resources into its internal innovation processes, 
Adidas further increases its competitiveness and stays a leading position on both the technology 
and the market (Adidas, 2018 annual report). 
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6 Conclusion 
After nearly four decades of development, the additive manufacturing technology (3D printing) 
has achieved great progress, which is expected to change and contribute to the world economy in 
multiple ways. “The World Economic Forum has estimated the overall value of the global digital 
transformation to business and society across all industries at $100 trillion in the next ten years 
alone.” (HP, 2017). Under such circumstances, we are attracted by this topic and would like to 
dive deep how the Additive Manufacturing technology developed and how it is impacting the 
business innovation from an empirical point of view, furthermore how it will develop in the near 
future, by borrowing the lens of the MLP framework. 

6.1 Brief conclusion      
In this paper, we study the additive manufacturing technology development from the lens of multi-
level perspective theory, in this way, we discovered AM’s development and its impact with a focus 
from the conceptual angle of three levels as niche, regime, and landscape as MLP scopes. 
 
Started from a singular radical innovation along with a 3D printer invention and application in 
rapid prototyping area, the additive manufacturing further develops in rapid prototyping field and 
other multiple industries in the past four decades in the regime level, recently which shows further 
developments on the macro-economic level in different nations and regions across the globe, as 
well as a new niche of 4D printing emerging in recent years. In this way, we answered our first 
research question of how additive manufacturing technology developed as a disruptive innovation 
through the framework of MLP. 
 
Furthermore, we answered our second research question of how the additive manufacturing 
technology impacts the business innovation by investigating an empirical case on Adidas in the 
latter part of this paper. We studied the latest 3D printing technology’s (DSL) impact towards 
Adidas’ business from the 4P’s innovation perspectives: product, process, position, and paradigm. 
In this way, we discuss the additive manufacturing technology has already penetrated to most 
aspects of a firm’s operation, not only the product, the design or the production is disrupted, but 
also the business model of how different area companies work together for the same goal, the 
operational supply chain of how product/service is delivered to the customer, how the 
sustainability is improved through the recycled materials and less waste production processes, and 
how the firm becomes more competitive due to the introduction and application of the disruptive 
innovation. We believe this study has a practical implication for the giant manufacturers, especially 
the footwear producers, to consider and evaluate how adoption of disruptive innovation such as 
AM would impact a business. The findings provide some insights and analytical results for AM 
practitioners to view from different innovation perspectives so that new business opportunities 
could be captured.  
 
Through the academic results of AM development in MLP framework, and the empirical 
application analysis, we provide a support for AM industrial businesses to better predict the 
innovation trajectory of AM technology, in this way to evaluate the AM’s application to help the 
potential business growth, and to better capture values of AM technology in various aspects like 
market, technology, application, etc.  
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The research and study we conduct are conclusive and analytical in nature, which has focused 
more on reviewing the development of the AM technology, and one ongoing empirical case that 
was recently emerged in the market. We believe this report might provide some thoughts on a 
firm’s innovation through driving open innovation implementation and disruptive technologies 
application.  

6.2 Contributions  
The paper does not claim to present a technical and provocative discussion on the subject of AM 
technology, on the contrary, the contribution is the inductive review of AM technology 
development and exploring the prediction of its further development in the lens of MLP. The paper 
integrates the theory of MLP, technological innovation and AM development, thus enriches the 
study and research of the additive manufacturing technology in a different academic angle. It is 
conclusively explained the AM development through generating a diagram depicted based on MLP 
theory (figure 17), in this way, it provides an overall picture of the AM innovation in the form of 
an intuitive way for an easier understanding for readers. 
 
Meanwhile the paper provides a practical support to related firms and AM industrial players an 
analytical prediction of the possible impact of adopting the AM technology to the business 
innovation. The conclusive and analytical study on Adidas case elaborates how AM is impacting 
a business’ innovation, hence the paper is able to assist the industrial players on better considering 
and evaluating the potential benefits or values by adopting a disruptive innovation within a 
business. 

6.3 Limitation 
The AM technology is a comprehensive topic which requests considerable research from diverse 
perspectives, in this paper, we explore the AM development through the framework of MLP, while 
as MLP is not covering all aspects of technology innovation process, there might be limitations of 
this research by only using MLP as the framework to review the AM’s development especially its 
future directions. In other words, some factors which caused significant effects out of the 
framework of MLP on the AM technology development might not be considered and discussed in 
the study. Some contents from valuable literature might be ignored due to the short time for review 
and scan.  
 
Furthermore, other limitations exist as well including data collection challenges and non-multiple 
case study. The major source of the information for the case study is from the firm’s annual reports, 
typical websites such as Forbes, ASTM International and industrial organizations insights like 
Delloit, Wohlers, Gartner, HP, etc., which might be with a bias to some extent. Meanwhile, the 
selection of data might be also with challenges because non-first-hand source is possible to carry 
with subjective bias from the data providers. Furthermore, a singular case study might be hard to 
contribute to a general conclusion, so does the qualitative study as we used in this paper.   
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6.4 Implications for future research 

Other than the framework of MLP, other theories or framework might be appropriate to do a 
thorough review of a disruptive technology’s development as well, it would be helpful to discuss 
and explore one technology’s transition from different perspectives or under different theoretical 
frameworks, to pursue a more comprehensive understanding from multi-sided angles. 
 
Future studies could also be implemented by following up the Adidas case in this report as which 
is still a relatively new niche technology both in the market and inside of Adidas, different impacts 
might emerge along with its further development in the future, the scenarios might become more 
complex or more transparent. Further research or analysis with a focus on other industries or firms 
would be helpful as well to acquire a wider and deeper understanding of the AM impacts under 
different environments in the real world.   
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