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I. Summary 

Problem definition 
Although the first inventions in the field were already discovered in the sixties, a technology 

commonly known as ‘3D printing’ has received much attention in the media in recent years. The 

technology allows its user to print out physical objects. It brings a new way of manufacturing all sorts 

of creative objects to the consumer. Objects can be manufactured on site, without a workshop for 

virtually the costs of raw materials. This revolutionary technology is of particular interest because it 

brings about two types of issues. 

 

The first issue relates to the effects of the technology to current intellectual property rights (IPR) 

systems that are used to stimulate innovation all over the world. Governments grant IPRs to 

innovators to enable them to recoup their investments in exchange for sharing their knowledge. 

Many firms and actors use business models that include IPRs and distribution methods to compete. 

A balance has been established between creation and diffusion. Existing insights indicate a fear that 

3D printing technology might disturb this balance because objects protected by IPRs could be 

printed out without paying the IP holder, rendering them invaluable. This is much alike what 

digitalization did to the music and film industry.  

 

The second issue relates to 3D printing as a feasible alternative production method. Our current 

production system contains a relationship between producer and consumer. Specialized production 

firms manufacture products. These products reach the consumer via established logistics and 

distribution networks. However, 3D printing brings manufacture closer to the consumer, essentially 

making them the producer, potentially disrupting established supply chains and conventional 

manufacturing methods. 

 

This study investigates the potential impact of 3D printing technology. To obtain a comprehensive 

overview of the technology’s impact, both issues need to be taken into account. This research 

addresses both issues by investigating the following research questions: 

 

RQ1: What are the challenges brought by 3D printing technology for existing IPR systems? 

RQ2: What is the potential impact of 3D printing technology on existing production systems? 

Research relevance 
The technology clearly provides a great many possibilities. However, much about the impact of 3D 

printing technology is still unknown. The short term effects seem to boost creativity. However, long-

term effects on society are not yet known. Research about intellectual property rights in relation to 

consumers has mostly revolved around copyrights as a main point of interest. This technology can 

potentially enable the consumer to infringe easily on patented material as well. The subject of 

analysis is different and only little is known about the implications for the patent system. This 

research provides new insight into this relatively new dimension of IPRs. It aims to better understand 

these effects and thus has societal relevance. 
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Within the literature 3D printing technology is often seen as an emerging technology that has a 

general purpose, meaning that there is a great potential for technological development in a wide 

variety of technological areas. However, a scientific ground for these claims is yet to be found. This 

research aides in laying a analytical foundation for 3D printing’s technological development and 

aides in understanding how to analyze a technology that finds application in many different 

technological fields. 

Research methodology 
In accordance with the research questions, two separate but complementary research designs are 

proposed. Because the innovation system is there to stimulate the production system, it is expected 

that the effects of the production system depend on the former. Therefore each chapter in this 

report first investigates the challenges for the IPR system and only then continues with the 

production system.  

 

The impact on the IPR system is measured by means of a qualitative approach. Theory shows that 

the main issues of 3D printing concern challenges to appropriability of new knowledge and the 

mechanism for innovation diffusion. A question format that on the one hand highlights challenges 

for incumbents and on the other hand maps the potential positive effects of the technology on 

creativity & innovation is used to investigate these issues. Six semi-structured interviews with 

experts that have performed research on the intersection of 3D printing and IPR provide the data for 

this analysis. They were identified via keyword queries on the internet. 

 

The impact of 3D printing on the production system is measured by means of quantitative patent 

data analyses. A preset dataset entitled: ‘Rapid Prototyping US Patent Database’ compiled by Castle 

Island Co. was used. Citing patent information retrieved from the Derwent Innovation Index reveals 

patents that build upon the knowledge of 3D printing technology. The technological developments 

of 3D printing are measured by analyzing its technological life cycle. Five bibliometric methods are 

used to obtain an overview of the 3D printing patent landscape. Two are based on technology fields 

as described by WIPO (2004). One that uses the technology fields of the patents within its network 

and one clustering method based on a citation network based on the ideas of Hummon and Doreian 

(1989).  

Conclusions 
With 3D Printing, the art of creation is not restricted to firms and disciplined artists. Users are 

enabled a new way of manufacturing that can potentially produce a great flow of creative content 

towards society. The freeness in creating structures allows for many new possibilities in designs. 

However, it is important to put the technology’s challenges to the IPR system into perspective. 

Technological capabilities are limited to mechanically simple plastic and metal objects. Next to that, 

there is still a reasonable amount of skill needed to operate a 3D printer. Therefore, the most 

important impact is found within the boundaries of the copyright system. For incumbents this means 

that the most real challenges are found in the maintenance of their trademarks and to prevent 

dilution of brands. Although the digital expression of copyrighted material is protected, the digital 

blueprints of these artifacts are easily adjusted. The challenges for incumbents who have copyrights 

on physical objects are therefore no different from copyright holders in the music and film industry.  
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In the future, it might be possible to print out more complex items. Patented material could then 

also be printed. The digital representation of patents is not protected. In this case, the gap in 

protection could theoretically render patents worthless. This would then stifle innovation. However, 

there is still time for experts and legislators to discuss this topic. Since the patent system is not 

significantly affected, the production system may be analyzed by means of the usual patent 

landscaping activities. 

The overall conclusion of the patent landscaping analysis is that 3D printing can be used in many 

different technological sectors. The classifications used for indicating the application fields of 3D 

printing are highly fragmented. This indicates that analytically, 3D printing demonstrates all 

characteristics of a general purpose technology. This finding solidifies what was already opted in the 

academic literature. However, due to broad set of application areas, bibliometric analyses based on 

technology fields does not prove to be the most insightful. Analysis of the citation network among 

the patents provides the clearest results when analyzing such a technology. The main technological 

areas that are disrupted by 3D printing are orthodontics, implants & prostheses, drug delivery 

systems & (endo-)prostheses, micro-fluidics and the manufacture of semi-conductor packaging.  

Analysis of the technological life cycle of 3D printing technology tells us that the technology is 

already well past its emerging stage. Many different firms are found in the market. However, only a 

few make up for the majority of the market share. This suggests that there is still room for further 

technological development.  
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absorb. 

The process of conducting this research was not like a walk in the park. Especially because, I did not 

put in much effort in figuring out how to program code before I started with this thesis. During my 
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1. Introduction 

1.1. Problem definition 
The rise of new technology can have great consequences on our society. The development and 

implementation of iron, textile production and the steam engine in the 1750s made mass production 

possible, which led to the first industrial revolution in Europe. Between 1867 and 1914, a 

combination of many other innovations like electricity, the combustion engine, new alloys, chemicals 

and communication technologies like the telegraph and radio led to a second industrial revolution 

(Landes, 2003). 

In his groundbreaking work on the nature of capitalist economies, Schumpeter (1942) aides in 

understanding the underlying mechanisms that cause these technological revolutions. He describes 

the outcome of it with what he calls Creative Destruction. He notes that in a free market, firms 

interact by means of competition. Firms are in constant search for new profitable opportunities. 

They innovate, creating new products or processes to get an edge over the competition. Through 

this mechanism, new knowledge flows into society. Hence the phenomenon is creative. However, 

while seizing new opportunities, the innovator does this at the expense of his competitors. He takes 

away their customers and therefore their profits. Firms that cannot keep up, will cease to exist. 

Schumpeter argued that through the mechanism of Creative Destruction, capitalism will eventually 

destroy existing economic systems and reconfigure the established organization of institutions, 

resource systems, skilled labor value, finance, etc. in order to clear the path for the creation of new 

wealth.  

In recent years, a new technology has surfaced that has become commonly known as ‘3D printing’. 

This technology allows its user to print three-dimensional objects from digital files. Although much is 

still unknown about the effects of this emerging technology on society, it is clear that it holds great 

potential. 3D printing could be applied in a wide variety of industries with a large scope of different 

materials. Both for consumer and in business. In terms of Creative Destruction there is the potential 

to unbalance existing production systems because, next to a viable manufacturing alternative, the 

technology provides the user a tool to create products on site, disrupting existing supply chains (CSC 

Leading Edge Forum, 2012). Some even claim traditional manufacturing and logistics firms will cease 

to exist all together, because consumers will be able to create their own products (Pearce, 2010). 

More moderate writers like Weinberg (2010) note that we are on the verge of an industrial 

revolution.  

Developments in 3D printing technology in particular, could present a special kind of technological 

revolution. Schumpeter’s perception of the interaction between firms points out that perfect 

competition and modern entrepreneurial activity are incompatible. In practice, immediate imitation 

by competitors negates the incentive to innovate, because it is impossible to recoup innovation 

expenditures (Greenhalgh & Rogers, 2010). Intellectual Property Rights (IPR) systems are there to 

account for this defect. They enable firms to appropriate their innovations by providing monopolies 

over newly shared knowledge. However, there is the fear that current IPR systems are not 

comprehensive enough to ensure a smooth transition to a world in which 3D printers are used, as 

several problems will arise when the technology reaches the mainstream consumer (Desai & 



14 
 

Magliocca, 2013; Doherty, 2012; Pierce, 2010; Weinberg, 2010). People will be able to generate their 

own physical items of which the blueprints can be easily shared via the internet. This could 

deteriorate the perceived value of IPRs, because it can become difficult to enforce one’s rights. 

Diffusing the incentive created by IPRs that are there to stimulate innovative activity. On the other 

hand, society could benefit a great deal from 3D Printing (Doherty, 2012). The technology has the 

potential to provide many creative possibilities to a broader set of users. This might improve the 

public’s contribution to the flow of innovative content into society. Other than just the traditional 

product or process innovation done by competing firms. The latter could lead to an increase of 

innovative output into society. The developments in 3D printing technology could thus challenge 

existing innovation systems.  

Following these academics, it seems reasonable to assume that a technological change is at hand. 

The question rises whether this technology indeed represents the prelude of a new technological 

era. We want to be prepared and understand its full potential. However, a scientific ground for the 

evolution of this technology is yet to be found. Therefore, two main research questions are of 

interest: 

Main Research Questions: 

RQ1: What are the challenges brought by 3D printing technology for existing IPR systems? 

RQ2: What is the potential impact of 3D printing technology on existing production systems? 

1.2. Scientific goals 
This research aims to provide a scientific understanding for how to analyze a technology that is 

considered to be emerging and due to its nature, has a potential to find implementation throughout 

many different industries. The specific case of 3D printing serves as an example for this kind of 

technology. Mapping the technological progress of 3D printing will help lay a solid ground for future 

academic research in the field of patent landscaping. Next to that, most research that is done on 3D 

printing is based on American patent laws. This research will also shed some light on the effects of 

the technology on IPR systems in general, which are found in many countries around the world. 

1.3. Report outline 
The report is structured in 9 chapters. A roadmap of the report is provided with Figure 1. The two 

distinctively separate effects of 3D printing technology are investigated alongside each other. Where 

relevant, the chapters are divided into two sections. The first section revolves around the study on 

the innovation system. The second studies the effects for the production system. The introduction 

has defined the potential problems and placed it into the context of creative destruction. Chapter 2 

translates the broad research questions from the introduction into six technological specified sub-

questions based on innovation diffusion in section one and technological change in relation to 

general purpose technology theory and its technology life cycle. A technology review in chapter 3 

provides ground for understanding the technology within the context of this study. This provides 

useful knowledge for a dataset and interpreting the results of the impact on the production system. 

The research methodology in chapter 4 specifies the six research questions into measurable 

constructs. Semi-structured interviews are used for analysis of the challenges to the IPR system. 

Patent landscaping is performed to map 3D printing technology. Chapter 5 elaborates on the data 

that is used to investigate the research questions. A preset dataset is used and expanded. To keep 
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the research findings results manageable, chapter 6 solely present the results from the interviews. 

Chapter 7 presents the results of the patent landscaping analyses. Chapter 8 presents the 

conclusions of the study. The challenges for incumbents are discussed based according to the 

different types of IP and the implications for innovation & creativity are presented. Furthermore, the 

analytic properties of 3D printing as a general purpose technology are discussed. Chapter 9 discusses 

the study’s limitations, relevance and provides suggestions for further research.  

Theoretical framework 
production system

- Technological change
- Disruptive innovation

- GPT
- TLC
 

3 sub-Qs

Problem definition
3D printing = creative destruction

Potential impact innovation & production

Theoretical 
framework innovation 

system
3D printing challenges 
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8 3D printing principles

Vs.
 3 conventional production methods

Methodology 
production system
Patent landscaping

Methodology 
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interviews

Data collection 
innovation system

Selection of 
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- Limitations
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Figure 1: Report roadmap 
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2. Theoretical framework 
The introduction has shown that 3D printing represents a special case that could challenge both 

existing innovation and production systems. This chapter lays the theoretical foundation of this 

research by reformulating the two main research questions into six measurable sub-questions. 

These are based on five theories. Concerning the challenges to the innovation system, theory of 

knowledge diffusion is discussed. This theory was chosen because it is generally accepted and useful 

for understanding why IPRs are used to stimulate innovation. Considering the production system; 

Technological Change, Disruptive Innovation, General Purpose Technology and Technological Life 

Cycle theory are discussed. These all build on the idea that progress in technology is made 

incrementally, which is important for understanding the bibliometric methods described in chapter 

four of this study. Directly after the theory in each section is discussed, a link to the particularities of 

3D printing is created. 

2.1. The innovation system in relation to 3D printing technology 
This first section of chapter two places the importance of innovation in context with 3D printing 

technology. The first paragraph explains theory on knowledge diffusion and the mechanisms that are 

used to stimulate innovation. The second paragraph links this theory to 3D printing and 

demonstrates potential challenges. These challenges used to formulate three sub-questions that are 

used to investigate RQ1: ‘What are the challenges brought by 3D Printing for existing IPR systems?’. 

2.1.1. The stimulation of innovation 

Among economists it is widely accepted that innovation is good for economic growth. In their book 

entitled: ‘Innovation, Intellectual Property and Economic Growth’, Greenhalgh and Rogers (2010) 

give a good explanation for the underlying justification of the Intellectual Property system. They 

define Innovation as ‘the application of new ideas to the products, processes or other aspects of the 

activities of a firm that lead to increased ‘value’ (Greenhalgh and Rogers, 2010). Within this concept, 

value is the increase in benefits for the actors involved, including society on a macro-economic level. 

They go on by defining knowledge as ‘the whole body of scientific evidence and human expertise 

that is useful in the production and supply of commodities.’ Knowledge is thus used in the 

application of new ideas. 

With their model of the innovation process, they build upon the work of Rosegger (1986), whom 

identified 5 stages in the process of technological change. According to Greenhalgh and Rogers, the 

process of innovation has a number of stages that require the input of knowledge. Actors can 

provide this knowledge via Research & Development (R&D). When an innovation is achieved, it 

triggers another chain of events broadly characterized as diffusion. The innovation process is rarely 

linear. Within micro-economic theory, it is assumed that firms will compete on the basis of process 

innovation. In a market of perfect competition, they will ultimately produce where price is equal the 

marginal costs. However, in the real world, this innovation model encounters market failures due to 

externalities. One key issue is that knowledge is a public good. After sharing, it becomes non-rival 

and non-excludable (Case, Fair, Gärtner & Heather, 1999). It is unlimited and everyone can use it, 

without having to pay for the benefits. This results in a problem of appropriability. The innovator 

cannot obtain the full value of its innovation from potential users. In dealing with these externalities, 

Coase (1960) suggested that any unpriced externality could be brought within a market system if a 

property right can be assigned over the externality to reach a socially optimal level of innovation. By 

giving IPRs to actors whom innovate, they can appropriate the returns. However, the downside of 
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this is that the actor will end up having a monopoly. It makes the non-rival good excludable and thus 

creates market inefficiency causing the price of the good to be sold above marginal cost. This is 

commonly known as deadweight loss. Basically, the justification for granting IPRs is to provide 

incentive to produce socially desirable new innovations. The IPRs assist the creator of non-rival 

goods to appropriate the returns of their innovation and thus provide an incentive to innovate.  

In general; inventions, know-how, data, computer software, designs, trademarks and artistic works 

are all potential intellectual properties that could be protected by IPRs (Granstrand, 2000). IP rights 

are limited by the legislative territories in which they are granted. Across countries, there are 

differences in the implementation of protection systems to stimulate innovation. Some countries 

enable for a wider range of IPRs than others. However, there is a general consensus about the most 

often implemented types of IP. Most Western countries provide protection via patents, trademarks, 

copyrights and industrial designs or design rights within their government system (Granstrand, 2000; 

Greenhalgh & Rogers, 2010)1. In their application, patents differ somewhat from the other forms of 

IP. They protect the utilitarian aspects of an innovation by excluding others from the production or 

use of a specific new device, product, apparatus or process that the patent covers. It does so by 

requiring the knowledge captured by the patent to be novel to the world, non-obvious to an expert 

within the discipline and industrially applicable (Greenhalgh and Rogers, 2010). The negative right of 

the patenting system is useful because of the condition that the invention should be non-obvious. It 

is likely that 2 individuals with a shared cognitive understanding of their discipline would come up 

with the same solution to a problem. Copyrights cover everything that is considered an original 

creative expression. They ‘give the author the exclusive right to copy, reproduce, distribute, adapt, 

perform or display their works’ (Greenhalgh and Rogers, 2010). This right is granted upon creation. 

Unlike with patenting, this is possible because art is mostly very diverse and subjective. It is highly 

unlikely that 2 individuals will create the exact same copyrighted work without them having 

interacted with each other beforehand. In this sense, trademarks resemble copyrights. A trademark 

can be any sign that is identified with a specific source, for instance a logo or word. Design rights 

pertain somewhat of a hybrid between the two. They are used for the protection of the aesthetics of 

an object. The patent system distinguishes itself from the copyright system, in that it protects the 

functional aspects of an object. 

2.1.2. Intellectual property rights in relation to 3D printing technology 

According to Lemley (2014), the advances in technologies like 3D printing separate the informational 

content from their manufacturing. The technology enables its user to download and create items on 

site. Essentially for the cost of raw materials. This is a big difference in comparison with traditional 

ways of manufacturing, wherein investors have to recoup their investments to be able to keep 

innovating. According to Rifkin (2014) society could enter a domain in which technology will enable 

users to produce against very low process innovation costs. He calls a society like this the zero 

marginal cost society (Rifkin, 2014). The technology enables for a decentralized and democratized 

manufacturing of products. Meaning that manufacturing is done in many places (likely outside the 

course of trade) and performed by the many, making it very difficult to enforce IPRs because it is 

impossible to track down whom is creating and where it is done. This thus deteriorates their value, 

because then it is impossible to recoup investment via the principled mechanism. Current IPR 

                                                           
1
 There are slight differences in what exactly is considered IP. Greenhalgh and Rogers (2010) elaborate on the 

geological boundaries and the differences across countries 
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systems are built around the balance that has been established around the effects of competition in 

process innovation. Many firms rely on their IP portfolios as an important source of profits. Zero 

marginal cost implies that the argument for compensating innovators for their efforts financially 

should fade2. The main concern with the IPR system in relation to 3D printing in thus one that 

revolves around the concept of appropriability (Pierce, 2010; Weinberg, 2010; Doherty, 2012; Desai 

& Magliocca, 2013; Lemley, 2014).  

On the other hand, many academics recognize the societal benefits of the technology (Pierce, 2010; 

Weinberg, 2010; Doherty, 2012; Desai & Magliocca, 2013; Lemley,2014). In his research on 

Intellectual Property Law, Doherty (2012) assessed the consequences for the patent system in the 

U.S. He claims that 3D printing will enable people to generate their own public goods in the form of 

useful designs. Society could benefit a great deal from open source activity, since there is no 

disclosure exchanged for monopolies. Broad usage of the technology by the public could lead to a 

boost in innovation and thus diffusion whereas society did not pay for this. Furthermore, with 

Rifkin’s (2014) zero marginal costs, the art of creating three-dimensional objects becomes very 

cheap. As the technology evolves and becomes available to the public, many people develop skills 

and could come up with their own ideas. Also functional solutions to problems. If this is the case, 

then the art of invention could enter a domain of copyright. The ability to create functional designs 

pre-3D printing was mainly only possible for trained experts.  

Therefore one point of interest is found in the relation between copyrights and patents. If 3D 

printing significantly affects the system that we use to stimulate innovative activity performed by 

firms, this could mean that it already indirectly affecting their productive outcome. In order to 

obtain full understanding of the potential impact of 3D printing, it is interesting to investigate 

whether the effects of 3D printing technology on the innovation system are linked to the production 

system. With these ideas in mind, the sub-question ‘What is the impact of 3D Printing on existing IPR 

system? ’ can be divided into three new, technology specific questions:  

Technology specific sub-questions concerning the IPR system: 

Sub-Q1: What are the challenges brought by 3D printing technology for Incumbents? 

Sub-Q2: What are the potential positive effects of 3D printing technology on creativity and 

innovation? 

Sub-Q3: Do the challenges posed to the innovation system affect the production system? 

2.2. Production system 
This section of chapter two discusses four theories; Technological Change, Disruptive Innovation, 

General Purpose Technologies and Technological Life Cycles. Respectively each per paragraph. These 

theories are helpful in providing understanding of the impact of 3D printing technology on existing 

production systems. Thereafter, a paragraph connects this theory to the case of 3D printing. Three 

sub-questions are formulated that are used to investigate RQ2: ‘What is the potential impact of 3D 

printing on existing production systems?’. 

                                                           
2
 One could argue that an actor should still receive a moral compensation for sharing new knowledge with 

society (Granstrand, 2000; Greenhalgh & Rogers, 2010) 
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2.2.1. Technological change through paradigms and trajectories 

In his book entitled: ‘The structure of Scientific Revolutions’, Kuhn (1962) has laid the groundwork 

for Scientific Change Theory. According to Kuhn, progress in science is made in episodes. In these 

episodes there is consensus about what is the best way of performing science. This Normal Science is 

exercised in what he calls a Paradigm. A distinct pattern of thought shared by the scientific 

community. Kuhn claims that periods of conceptual continuity are interrupted by periods of 

revolutionary science. Anomalies show the limitations of the current paradigm in which science is 

exercised. These anomalies show the experts of a discipline that their current methods, tools, 

discourses and agencies that fit their shared pattern of thought are no longer fit to solve the 

problems they encounter. The way of doing normal science does then no longer suffice and so 

experts start looking into other directions that do have problem solving potential. This problem 

solving process leads to Scientific Revolutions, which in turn may lead to a new paradigm. A new way 

of doing science. The old paradigm will then loose dominance and fade. Kuhn acknowledged 

progress in science only within paradigms. One paradigm can never be better than another because, 

they cannot be compared equally.  

Kuhn’s main subject of philosophy is science. Dosi (1982) was able to use his theory in relation to 

Technological Change. He argued that within Kuhn’s paradigms, there are Technological Paradigms 

in which technology develops cumulatively. A technological paradigm is defined as a generally 

accepted ‘model’ and ‘pattern’ for solving technological problems, based on a consensus over 

selected principles derived from natural sciences and material technologies. It sets both an exemplar 

and prescribes a set of heuristics (Dosi, Freeman & Nelson, 1988). More simply put; there is a 

consensus among experts about what proper technological problem solving is. Within these 

technological paradigms, there are Technological Trajectories. A technological trajectory is defined 

as ‘the pattern of normal problem solving activity on the ground of a technological paradigm’ (Dosi, 

1982). The trajectory represents a movement in multi-dimensional trade-offs among technological 

variables which are deemed relevant within the paradigm. Engineers have a shared perspective on 

what basic artifacts and their techno-economic characteristics are. These heuristics determine 

where solutions can be found. They determine search rules, which knowledge may be used and 

where engineers might look for solutions. Progress can be defined as the improvement of these 

trade-offs. Dosi’s approach to technological change is important, because it helps in understanding 

the impact of technological change on society. New knowledge builds upon an existing body of 

knowledge. Small variations in existing research directions evolve as technology develops, so 

technological change is local. As a consequence of these small variations, past developments 

determine the set of possible outcomes for future developments. Once developed in a certain 

direction, the trajectory becomes increasingly more dominant over alternative solution possibilities 

in a wide variety of circumstances, thus making the process within a paradigm Path Dependent and 

Irreversible. Revolutionary technologies lead to a change of paradigm, in which essentially, the way 

of doing things changes. The old way of doing things is no longer useful. As previous market 

structures, institutions, methods, tools and practices find no use in the new paradigm. 

2.2.2. Disruptive or sustained innovation 

In his book entitled ‘The Innovator’s Dilemma’, Christensen (1997) argues that technological change 

can be subdivided into two types. It is either sustained or disrupted. Sustained technological change 

has established trajectories of product performance improvement. Whereas disrupted technological 

change disturbs the set balances of the industry. Christensen looked at the disrupted change from a 
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micro-economic perspective and found that there are 5 main principles of disruptive innovation. The 

main idea is that incumbent firms have difficulty to allocate resources, as they have developed a 

well-established system for sustained change. Customers & investors dictate the flow of resources. 

New markets that are too small cannot be analyzed and their organizational capabilities – based on 

large investments in sustained change - make them inflexible. According to Christensen, disruptive 

technologies can become entirely performance competitive within mainstream markets against 

established products. 

2.2.3. General purpose technologies 

So some technologies are more disruptive than others. General Purpose Technologies (GPT) theory 

helps in understanding the underlying mechanisms that determine the pace of disruption. 

Bresnahan and Trajtenberg (1995) proposed that technologies that are capable to change the course 

of technology usage more radically, tend to have a general purpose and complement existing 

innovations. For this phenomenon they coined the term General Purpose Technologies (GPT). 

According to them, these technologies typically have three characteristics. The first, Pervasiveness, 

meaning that the technology spreads to most sectors. Second, Improvement,  the technology 

evolves over time, lowering engineering costs of its users and third, Innovation Spawning, the GPT 

makes it easier to invent and produce new products or processes. 

Helpman (1998) added to these notions that some technologies are so important that they create a 

huge range of new opportunities in other industries. GPTs tend to involve more drastic innovations. 

As incremental innovation is more susceptible to standard ways of profitability calculations, etc. 

whereas drastic innovations carry with them a much larger uncertainty. An innovation is deemed 

incremental when it is an improvement to an existing technology. It is radical  if it did not evolve 

through improvements of existing technologies. Because there is some confusion about the 

continuity and discontinuity of technological change, Lipsey, Carlaw and Bekar (2005) made a further 

distinction concerning the impact of the technology. Technological change can happen via two 

trajectories: Use-Radical or Technology-Radical. When the technology is applied for a specific use, it 

is Use-Radical. Whereas it can also concern the evolution of a specific technology, while there is no 

clear parent of the technology, classifying it for Technology-Radical. Lipsey, Carlaw and Bekar define 

a GPT as a ‘single generic technology recognizable as such over its whole lifetime, that initially it has 

much scope for improvement and eventually comes to be widely used, to have many uses, and to 

have many spillover effects’ (Lipsey, Carlaw and Bekar, 2005). A technology is considered a GPT 

when it possesses all out of four characteristics. It must show Scope for Improvement, Range and 

Variety of Use and Spillovers. With term ‘Scope for Improvement’ they mean that as the technology 

becomes widely used, it goes through a process of improvement and evolution. The idea is that, 

costs go down and the value of the technology goes up through the development of supporting 

technologies. Eventually the technology’s range and variety of uses increase. The technology’s 

products, processes and organizational technologies are improved. As the ‘Range and variety of use’ 

increase, the proportion of the economy in which the technology is used also increases. So does the 

number of distinct uses. Lastly, spillover effects spread major technological change due to 

interrelationships that characterize the economy. 

2.2.4. Technology life cycle 

The above theory has shown that technology develops incrementally. It evolves and improves over 

time, leading to either sustained or disruptive change as it becomes increasingly more dominant. 
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Utterback and Abernathy (1975) have embraced this notion. They have proposed a model that helps 

understand the innovation process over time. In their framework which describes the Technological 

Life Cycle (TLC), they acknowledge two different types of innovation; Product and Process 

Innovation. Product Innovation is defined as ‘a new technology or combination of technologies 

introduced commercially to meet a user or a market need.’ Process Innovation is defined as ‘the 

system of process equipment, work force, task specifications, material inputs, work and information 

flows, etc. that are employed to produce a product or service‘ (Utterback & Abernathy, 1975). Their 

unit of analysis is not necessarily the firm, it can also be used to analyze the overall production 

process that is used to obtain products. Utterback and Abernathy consider three stages within the 

Technological Life Cycle. These stages are labeled Uncoordinated, Segmental and Systemic. 

Underlying the proposed model of product and process innovation they claim that firms typically 

tend to focus on product performance, then emphasize on product variety and after that work on 

product standardization, reducing costs. Figure 2 shows Utterback and Abernathy’s idea about the 

rate of innovation as dependent on the development of technology3. There is a high rate in product 

innovation which gradually slows down when the technology proceeds through to the Segmental 

and Systemic stages. Process innovation is slow in the uncoordinated stage, increases in the 

segmental stage and slows down in the systemic stage. During the systemic stage, the limits of the 

technology become more visible as it is no longer possible to increase performance significantly. As 

the market continues to evolve, ultimately the stage is set for economic decay or a revolutionary 

change in technology use, as the technology is no longer suited to react to market demands. 

 

Figure 2: Innovation and stage of development, from Utterback and Abernathy (1995) 

2.2.5. 3D printing’s life cycle and its potential general purpose 

A literature study points out that 3D printing is often seen as an emerging GPT (Desai & Magliocca, 

2013; Doherty, 2012; Pierce, 2010; Weinberg, 2010). TLC theory can help in unraveling whether this 

is indeed the case, as it enables to make distinction between different stages of the life cycle with 

their own characteristics. This is important for assessing what is yet to come in terms of 

development and understanding the technology’s potential. Next to that, it is important to find out 

                                                           
3
 See appendix 1 for in-depth information about each stage in the TLC as described by Utterback and 

Abernathy (1975) 
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to what extent a technology is in fact a GPT. Bresnahan and Traijtenberg (1995) and  Lipsey, Carlaw 

and Bekar (2005) acknowledge that a technology qualifies as a GPT when it demonstrates signs of 

technological improvement and a spread to multiple sectors. However, in the specific case of 3D 

printing technology Bresnahan and Traijtenberg’s approach to GPT seems more fitting because their 

appreciation for innovation spawning. 3D printing potentially provides a tool to invent. Therefore, 

their approach is deemed more comprehensive for this research. Their GPT theory aides by enabling 

separation on the basis of the three characteristics pervasiveness, improvement and innovation 

spawning. To investigate the case of 3D printing, the following three sub-research questions are 

formulated: 

Technology specific sub-questions concerning the impact on the production system: 

Sub-Q4: To what extent does 3D printing technology show improvement? 

Sub-Q5: Which technological areas or industries are affected by the technology’s development? 

Sub-Q6: Is 3D printing technology a general purpose technology? 

2.3. Summary 
This chapter started out with two broad questions about the potential impact of 3D printing 

technology on both the innovation and production system. Knowledge diffusion, technological 

change, disruptive innovation, general purpose technologies (GPT) and technological life cycle (TLC) 

theories were discussed and placed into context with 3D printing technology. The challenges to the 

innovation system revolve around appropriability issues for IP holders. The potential impact to the 

production system lies in the extent to which 3D printing is a GPT and its TLC. Six technologically 

specific sub-questions were formulated. Now that the research questions are technologically 

defined, it makes sense to have a closer look at the technology in question.  
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3. Technology review 
3D printing technology brings a new way of manufacturing and distribution for both customers and 

businesses. This chapter defines 3D printing technology through a historical perspective and 

describes its seven different working principles. These are compared with each other on the basis of 

the ten most important parameters. After that, a comparison is made with conventional 

manufacturing techniques and thereby placed in a realistic analytical context in terms of 

technological capabilities and potential. Knowledge about the technology is useful for identifying 

and assessing the information that is described in chapters four, five, six & seven, helps with the 

interpretation of the results in this study and helps to place the results into a realistic context to 

come to a conclusion in chapter eight.  

3.1. The history & definition of 3D printing 
In 1967, an inventor named Wyn K. Swainson had developed a process for forming a three-

dimensional figure out of a liquid. The method concerned a pair of laser beams, which were able to 

follow a set pattern, hardening the liquid wherever the laser beams intersected. For this invention, 

Swainson issued a patent with patent number US4238840-A (Swainson, 1967).  

However, it was not clear cut how to determine the shape of the objects that were to be printed. 

Different tries were made. For one, there is the ability to create objects by using photographs as a 

basis. Dynell Electronics was able to generate three-dimensional (3D) surfaces out of two-

dimensional (2D) data (Dynell Electronics, 1973). Meanwhile in the 70s, developments in engineering 

software had led to the invention of 3D Computer-Aided Design and Manufacturing (CAD/CAM). 

Using his work on mathematical surfaces, Pierre Bezier had invented UNISURF between 1966 and 

1968. This enabled engineers in the automotive industry to design parts and tools more easily with a 

computer. UNISURF became the basis of following generations of CAD software (Weisberg, 2008). 

With this technology, engineers obtained the possibility to create and calculate designs digitally, 

enabling them to design more complex objects more easily.  

In 1984, Charles W. Hull was the first to commercialize these technologies with his own invention, by 

combining the digital input of a CAD design and 3D object creation via stereo-lithographic layering. 

Enabling the operator of the machine to design and manufacture by exposing a liquid polymer to UV 

light, generating plastic physical objects. Many new innovations today, build upon his invention. 

Furthermore, Hull invented the STL (stereo-lithography) file format, which is a widely accepted 

format embedded in 3D printer software. For these reasons, Hull is considered the inventor of 3D 

printing technology (U.S. National Inventors Hall of Fame, 2014). 

Hull introduced the world to a technology that enabled users to produce 3D objects layer by layer. 

However, In the beginning, the produced objects were not usable as replacement parts, as their 

mechanical properties did not meet the desired requirements. This was mainly because it was not 

yet possible to create layers that made a homogeneous whole with its succeeding layer. Therefore, 

the technology was mainly useful for prototyping and thus became commonly known as Rapid 

Prototyping or Additive Manufacturing (AM) (Additive3D, 2014a). Later, as researchers developed 

the technology further, it became possible to create objects that do meet desired mechanical 

characteristics. It became apparent that the technology could well be used as a commercially viable 

production method. The technology became more commonly known to the public as possibilities 

arose. The media and industry adopted the term 3D printing to refer to all kinds of additive 
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manufacturing (CSC LEF, 2012). Figure 3 depicts the relative number of Google search queries on the 

keywords over the period 2004-2014. 

 

Figure 3: Relative interest in Google search terms over the period 2004-2014 

The graph shows a decline in search terms containing ‘Rapid Prototyping’ whereas there is an 

increase in search queries containing ‘3D Printing’, which mainly started in 2011. A slight grow can 

be observed for ‘Additive Manufacturing’.  

For the purpose of this research the term ‘3D printing technology’ is used to refer to all kinds of AM 

technologies, because it covers all forms of AM technologies and it is most commonly used in the 

literature. Furthermore, one could argue that machines like IBM’s nano-3D printer should also fall 

under 3D printing technology, as it is able to create 3D patterns on a substrate (Kurzweil, 2014). 

Whereas it is more of a nano-milling machine. 3D printing technology is generally understood as a 

process of fabricating a physical object directly from a CAD data source. This physical object is 

generated by placing layers of material upon succeeding layers, ultimately forming the desired 

product (Additive3D, 2014b). In this paper, 3D printing is defined as any manufacturing process 

concerning successive layering of material to form a three-dimensional object.  

3.2. 3D printing principles 
In general, there are seven different principle ways for fabricating physical objects through the 

process of placing succeeding layers of materials. For the purpose of developing understanding of 

the technology, it is important to understand the general ideas of the different manufacturing 

processes within the field of 3D printing. This paragraph describes the various working principles of 

3D printers. The information and pictures are come from Additive3D’s (2014bc) explanatory tutorial 

on the subject. 

3.2.1. Stereo-lithography (SLA) 

Figure 4 depicts the process of a stereo-Lithographic manufacturing method. A moveable table is 

placed at the surface of a bath filled with a photosensitive resin. A scanner system is set to trace a 

desired pattern. When the light source e.g. a laser or UV-source reaches the photopolymer, it 

hardens, solidifying the polymer wherever the laser traced, creating the first layer of the object. The 

movable table is lifted down, and the process is repeated. In turn creating a successive layer on top 

of the previous one. As shown in Figure 5, evolution of the manufacturing process has led to the 

possibility of placing the light source underneath the ‘object being fabricated’, in combination with a 

Liquid Crystal Display (LCD) panel. This enables exposure of an entire surface of photopolymer at the 
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one time (Additive3D, 2014c). The second method is somewhat faster and requires a shallow vat of 

resin. 

 

Figure 4: SLA process with laser, from Additive3D (2014c)  Figure 5: SLA process 2, from Additive3D (2014c) 

3.2.2. Fused deposition modeling (FDM) 

This method uses a heated nozzle that is able to move freely over the X-Y-Z-axis within the geometry 

boundaries of the machine. As the ‘extrusion nozzle’ follows a set pattern determined by a CAD 

design, a (thermoplastic) filament is unwound from a supply coil. As the material is laid down - at 

first on the table -, it bonds to its successive layer, cools down and hardens, resulting in a surface 

layer of the product (Additive3D, 2014c). Figure 6 visualizes the FDM method. 

 

Figure 6: FDM method, from Additive3D (2014c) 

3.2.3. Inkjet (TPCI & PPCI) 

Figure 7 depicts the process of a Thermal Phase Change Inkjet (TPCI). This method is based on the 

usage of two nozzles squirting two types of tiny droplets over an X-Y-axis. The first one is used as 

building material of the product. The second one is a wax, that supports the building material. The 

wax-like material surrounds the building material. As the materials are deposited, they cool down 

and solidify quickly. After each layer is placed, the table holding the object is moved down and a 

milling head comes by to reduce the roughness of the surface, making the layer suitable to place the 

next layer on. A particle collector attached to the milling head takes away milled off material. When 

the object is done, the wax is either dissolved in a bath or melted away. The object consisting of the 

building material stays behind.  
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Figure 7: Inkjet method, from Additive3D (2014c) Figure 8: PPCI method, from Additive3D (2014c) 

A second Inkjet method is the Photopolymer Phase Change Inkjet (PPCI) concept, which is shown in 

 Figure 8. It is rather similar to the SLA method mentioned above. Here both the supporting 

and building materials are photo-curable. The light of a curing lamp (often UV) hardens the liquid 

photopolymers after each layer is placed. This method does not need a milling head to reduce 

roughness. The support material is removed with pressurized water (Additive3D, 2014c). 

3.2.4. Three-dimensional printing (3DP) 

Figure 9 represents the process of 3DP. A powder bed of object material is placed evenly on the 

fabrication piston by a roller. After a layer of powder is placed, an inkjet head squirts out a liquid 

adhesive in a desired pattern. When the inkjet head has followed the pattern, the fabrication piston 

moves down. Then, the powder delivery system moves upwards, supplying the roller with new 

object material. In turn the roller places a new layer of powder, completing the cycle. 

 

Figure 9: 3DP method, from Additive3D (2014c) 

3.2.5. Laser sintering (LS) 

This method is in a sense similar to the preceding fabrication process. Again, a roller places powdery 

material (now metal or thermoplastic) upon the fabrication piston. A laser beam melts the material 

on the desired positions. The fabrication piston and powder delivery system respectively move down 

and up, enabling the roller to deliver a quantity of powder on top of the hardened material of the 
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object. The laser may be replaced by an electron beam, changing the LS to Electron Beam Melting 

(EBM). See Figure 10 for visualization of the process. 

 

Figure 10: Laser Sintering method, from Additive3D (2014c) 

3.2.6. Laminated object manufacturing (LOM) 

Figure 11 shows the concept of LOM. Paper or material with a similar structure is unwound from a 

paper supply roll. A heated roller then melts a plastic coating on the bottom side of the unwounded 

material. Then, a profile is cut out on the top layer by a laser. New material is unwound and the cycle 

repeated. The cut material is coiled onto a waste paper roll. During the layering process, the table 

holding the product moves down. 

 

Figure 11: LOM method, from Additive3D (2014c) 

3.2.7. Laser powder forming (LPF) 

Figure 12 depicts LPF manufacturing process. A high energy laser beam is mirrored on to a focusing 

lens. Meanwhile, (metal) powder material is added to the beam, melting the material. The table 

moves in a raster fashion to fabricate the layers of the object. The laser system is moved upwards, as 

layers are completed.  
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Figure 12: LPF method, from Additive3D (2014c) 

3.3. A comparison of 3D printing technologies 
This paragraph compares the seven principle technologies with each other. A comparison is useful to 

get an indication of the possibilities with each type of printer. This information is used to identify 

technology and linked to industries while assessing the data in chapter six and seven. Performance 

of 3D printers is measured through ten parameters (Additive3D, 2014d; Materialise, 2014; 3D 

Printing Blog, 2014)4. The (dis)advantages of 3D printing technology are found in the range of 

materials that can be used, the enabled maximum accuracy, manufacturing speed, layer thickness, 

pricing, surface roughness, geometry of the building area, mechanical properties of the 

manufactured object and usage availability.   

                                                           
4
 An assumption was made about the most important performance parameters after consulting these sources 

and comparing 3D printing technology with extruding-, injection molding- or vacuum forming processes based 
on Kals (2007). 
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The following Table 1 summarizes the main performance indicators in the first column. Across 

column two to eight, the different 3D printing methods are found. 

 SLA FDM Inkjet 3DP LS LOM LPF 

Materials Polymers Thermoplastics Polymers Thermoplastics Thermoplastics/ 
metals 

Paper Metals 

Accuracy High Average Average / high Average High Low High 

Layer 
Thickness 

Fine Fine Fine Rough Rough Rough Rough 

Speed Average Low Average High Average/ high Average High 

Price 
technology 

High Low Low / average Low High Average High 

Price 
materials 

Average Average High Low Average Low Average 

Machine 
geometry 

Large Average Average Average Average Average Average 

Usage Workshop Desktop Desktop Desktop Workshop Desktop Workshop 

Mechanical 
Properties 
product 

Average Average Average Low High Low (wood-
like finish) 

High 

Surface 
roughness 

Bad Good Good Average Bad Bad Bad 

Table 1: Performance of 3D printing technologies
5
 

Materials6 

A distinction is made between the kinds of materials that can be manufactured. In general, they can 

be separated into three categories. One, thermoplastics, meaning that the plastic material needs to 

be heated in order to obtain the desired form. Often used thermoplastics are ABS & PLA. But also 

nylon and polystyrene (PS). Two, polymers, whereby it is not necessary to apply heat concern 

materials like polypropylene (PP), elastomers and acrylics. And Three, metals are manufactured via 

two 3D printing methods. One could think of titanium, cobalt-chrome & bronze alloys and (stainless) 

steel alloys. 

Accuracy 

The accuracy of a 3D printer tells something about how precisely and with how much deviation 

material can be placed. This is important, as it determines to a large extend, what kind of products 

may be manufactured with the machines. Some products need to meet higher standards than 

others. E.g. a tight fitting in an assembly needs higher precision than a product that stands alone. In 

the table above, a distinction in made between capabilities for low, average or high Accuracy.  

Layer thickness 

The layer thickness (or layer height) is an important measure for the capabilities of an additive 

manufacturing method. It determines the thickness of the succeeding layers of the manufactured 

products, and therefore the quality of the object (3D Printing Blog, 2014). The layer height ranges 

roughly from 0.1 to 1.0 mm, respectively fine to rough.  

                                                           
5
 Based on Additive3D (2014),Materialise (2014) and 3D Printing Blog (2014) 

6
 Many different types of materials can be printed. One could think of thermoplastics like ABS or PLA 

thermoplastics, metals,  ceramics, sand, glass and even human tissue (CSC LEF, 2012), organic compounds 
(BBC, 2012), concrete (Winter, 2014), wood pulp (Brewster, 2014), chocolate (Grunewald, 2014) and the like. 
However, for the purpose of comparison the extraordinary materials are left out of the analysis. 
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Speed 

The manufacturing speed is an indicator for how long it takes before an object is manufactured. 

Some technologies take considerably longer of the same size object than others. The time it takes to 

produce an object depends on its scale and complexity and can range from a few hours to several 

days.  

Pricing technology 

A distinction is made between the price of the technology and the price of the materials needed for 

production. Some technologies are more expensive than others. The cheapest 3D printers are 

available for less than 10000 dollar, indicated as low. Average is considers 20000 to 100.000. High 

technology costs are machines that exceed 100.000 dollar. The pricing of the materials needed for 

manufacturing vary per technology. The usage of photopolymers is in general more expensive than 

thermoplastics or metals. According to Additive3D (2014), thermoplastic resources cost about 25 – 

115 dollar a pound, whereas the polymers used for stereo-lithographic purposes costs between 60 

and 200 dollar a pound.  

Machine geometry 

The geometry of the build area limits the size of the objects that are manufactured. A distinction is 

made between large, average and small. A large machine can print out items of a few meters. 

Whereas the smallest items are of the micro scale.  

Usage 

Usage indicates where a technology can be used. Some technologies enable for office use. Indicated 

by ‘desktop’. Others are more suitable for usage in workshops or production halls. Due to the noise 

they produce and the space needed for production. Those which cannot be used within the office 

environment are indicated with ‘workshop’. 

Mechanical properties 

An important indicator that determines wherefore the technologies are useful, are the mechanical 

properties of the end products. Some technologies only provide manufactured objects that are 

useful as models or prototypes of real designs, whereas other technologies provide replacement 

parts and tool usable in working constructions.   

Surface roughness 

The surface roughness provides an indicator for in how far a product is done when printed. If the 

products of a manufacturing process needs finishing after printing, it receives a ‘bad’ classification. 

Only fine tuning ‘average’. When no treatment is needed, the technology receives a ‘good’. 

3.4. 3D printing vs. conventional methods 
There is a consensus about the manufacturing methods that are used for plastic and metal object 

production. Conventionally, when it concerns the manufacture of metal items, this can be done via 

molding processes, waltzing, forging, bending, deep drawing or processes like milling and lathing. 

Thermoplastics are manufactured in three different ways, namely by; extruding-, injection molding- 

or vacuum forming processes (Kals, 2007). These processes contain a set of necessary methods and 

standards for logistics & distribution and manufacturing for the production system to function 

properly. This paragraph compares the conventional manufacturing methods with 3D printing in this 
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regard. This helps in understanding 3D printing potential from a technical perspective and helps in 

placing it into context.  

3.4.1. Logistics & distribution 

Lemley (2014) noted that 3D printers separate product value into two aspects. One, their 

informational content, which is captured within the design of a Computer-Aided-Design (CAD) file. 

Second, their manufacturing process. Using the internet, an actor can create, share and download 

CAD files that contain the blue prints to a physical design. These objects can be build up layer-by-

layer, form various materials, on site. Whereas conventional production methods, include 

imperative elements in the supply chain which are needed to generate the product and deliver it to 

the user. The CSC Leading Edge Forum (2012) has analyzed both methods and created Figure 13. 

Conventionally when a design is developed, it goes through 6 phases before the end user obtains the 

product.  

 

Figure 13: 3D printing vs. traditional supply chain, from (CSC LEF, 2012) 

The figure shows that often a prototype is made, then the product is manufactured, assembled, 

distributed, goes to a warehouse, enters retail and the end user can buy it there. Each phase 

requiring transport to get to the next. With 3D printing there is a potential to bring a design with 

physical product directly to the user. Many elements of the supply chain may be eliminated. 3D 

printing changes the way in which products are distributed within our economy (Finnochiaro, 2013; 

Lemley, 2014; Weinberg, 2010). 

3.4.2. Manufacturing 

Differences in manufacturing are found in the skill that is needed to produce, possible structures 

that can be achieved, flexibility in products that can be created and general business considerations. 

These aspects are now discussed. 

Required skill 

Assessing manufacturing more closely, important differences can be found that influence 

production. One big advantage of 3D printing over other methods of manufacturing metal and 

thermoplastic products, is that far less skill is needed in the design phase. Conventional methods 

require engineers to design a product so that it is possible to manufacture products. Vincenti (1992) 

captured these competences in 6 categories. These are specialized insight of Fundamental design 

concepts, Criteria & Specifications, Theoretical tools, Quantitative data, Practical considerations and 

Design instrumentalities (Vincenti, 1992). Metals and thermoplastic products are mainly 

manufactured with (injection) molding methods. Here, production requires fundamental 

understanding of the production method, materials & mold design, regulations, general 
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considerations, skill in calculation methods & software, practical considerations, etc. Designer 

programs are relatively easy to use and accessible to a large public. Furthermore, there is the ability 

to use scanned data. Recording a shape in the physical world and capture it onto a CAD file. Taking 

away the necessity for the user to design the product themselves. 

Possible structures 

Products manufactured by conventional methods are limited in their design. One could think of 

several issues. While using a mold, the product needs to be ejected after the material has hardened. 

This requires a minimum draft angle in the product (normally between 2 and 8 degrees for injection 

molding) limiting many objects to round edges. One could also think of limitations in the thickness of 

edges in relation to wall thickness (for injection molding edges may only be as thick as 70% of the 

wall) or material shrink (Kals et al, 2007). Another important issue concerns the manufacturing 

concept of ‘Undercut’. The object must not get stuck in the mold, or it cannot be pushed out. 

Because with 3D printing the manufactured object is build up layer by layer, the designer is free to 

implement overhanging pieces. It enables product structures that are not possible to produce with 

conventional methods. With the technology, the designer can leave empty spaces within the object 

that are closed off entirely without the need to assemble pieces later on in the manufacturing 

process. This enables for lighter products consisting of less components. The Commonwealth 

Scientific and Industrial Research Organisation (2011) noted that in addition, this also reduces 

product inspection & maintenance times.  

Flexibility in creation of products 

3D Printing enables for low variable costs. A single machine can manufacture all kinds of shapes. 

Whereas conventional methods are tied to molds. These molds wear down during the 

manufacturing process (Kals et al, 2007). When the mold loses too much surfaces, the products that 

come from it do not meet quality standards anymore. A new mold must be created to continue 

production. Only a limited amount of products can be created. Designing and fabrication of molds is 

a costly procedure because of R&D and the materials needed for the molds (in particular for 

injection molding). Also, the machinery for fabricating products are labor-intensive because of 

upkeep needs. 

General business considerations 

The CSC Leading Edge Forum (2012) has summarized the (dis)advantages of 3D printing technology 

with Figure 14. The above mentioned aspects of the technology enable affordable customization, 

more efficient designs, various end products with one machine, very small objects, efficient use of 

materials, free complexity, creation on demand and on site, low entry barriers and new 

opportunities to change the supply chain and retail. On the other hand, according to CSC Leading 

Edge Forum 3D Printing does not yet seem economically viable for mass production of simple items. 

Furthermore, the amount of materials that can be used is very limited (Additive3D, 2014b). And it is 

not possible to use multiple materials within the same printer. Furthermore, printing very large 

objects has boundaries, as the product has to fit in the machine. And there are still durability and 

quality issues. However, with conventional methods, this is also a difficult and expensive venture 

(Kals et al., 2007).  
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Figure 14: 3D Printing business opportunities at a glance, from (CSC LEF, 2012) 

3.5. Summary 
This chapter has demonstrated the technological capabilities and potential of 3D printing 

technology. Compared to conventional production processes, the technology poses a feasible 

production alternative with its own inherent methods and parameters. 3D printing’s alternative 

holds the possibility to skip the steps between idea generation and user in the traditional supply 

chain. Next to that, it requires far less skill to create items with complex structures that are not 

possible to achieve with injection molding and it is flexible in the products that can be 

manufactured.  However, 3D printing is limited to single materials per printer and not economically 

feasible for mass production of simple products. This knowledge provides a deeper understanding of 

the data. It provides a guideline for the clustering methods described in the next chapter and make 

their comeback in the results presented in chapter seven and eight. It is also used to perform patent 

search queries in chapter five. 
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4. Research methodology 
Technologically specific research questions were formulated and a literature study about the 

technology has been performed. The chapter is divided into two sections. It chapter starts out by 

arguing for both a qualitative case study based on interviews for the research questions revolving 

around appropriability challenges to the IPR system and quantitative methods in order to investigate 

the technological change of 3D printing technology. After establishing the best approaches for 

investigation of the research questions, the first section zooms in on the qualitative method for 

investigating the impact of 3D printing on the innovation system. Here the best possible research 

designs are discussed and a choice for semi-structured interviews is made, for which the method 

used in this study is described in detail. Directly after, the limitations of this type of research in 

relation to this study are discussed.  

The second section zooms in on the impact of 3D printing on the production system. It starts out 

with an overview of the proposed analyses. Then, the use of patents as an indicator for innovative 

activity is explained. The section continues with the use of patent landscapes as a tool to analyze 

technological change. This paragraph is followed up by patent citation literature, which is helpful for 

understanding the idea that knowledge flows through patent citation networks. After a general 

framework for bibliometric patent data analyses is set, five methods will be discussed that are used 

in this study for mapping the technology of 3D printing technology. 

4.1. Two separate but complementary research models 
The first three research questions related to the innovation system are broad and exploratory of 

nature. Many things are still unknown because the technology has not fully settled yet. There is a lot 

of uncertainty and no quantitative data is available. To obtain a satisfying answer to these questions, 

it is necessary to explore all possible issues that might challenge the IPR system. A qualitative 

research model is the most appropriate for this type of research. It will reveal knowledge that is 

already known by academics in the field. Next to that, many experts are currently conducting 

research within the area revolving around the boundaries of 3D printing and IPR, so it is likely that 

they can add additional knowledge that is not yet in the literature. 

Technological change can be measured with the use of patent data (Bekkers & Martinelli, 2012; 

Nooy, Mrvar & Batagelj, 2005; Verspagen, 2007). The questions aimed at identifying the potential 

impact on the production system concern specific ideas about GPT and TLC. Here it is possible to 

perform quantitative empirical analyses that are based on patent data.  

The combination of research approaches will paint the whole picture of technological change caused 

by 3D printing and its impact on the IPR system. The qualitative design may provide additional 

information that can be used to compare with the results of the quantitative part. The parts are 

therefore complementary to each other.  

4.2. Analysis of the potential impact of 3D printing on the innovation 

system 
The following two paragraphs describe the method used to answer the research questions related to 

3D printing and the innovation system. The first paragraph argues for the usage of semi-structured 

interviews. The second describes the objectives of the analysis and zooms in on method that was 

used. 
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4.2.1. Selecting a qualitative research design 

There are various ways for collecting qualitative data; observation, analyzing text & documents, 

interviews & focus groups and audio & video recording (Silverman, 2006). For this case study it is 

necessary to explore the effects that 3D printing technology has on existing IPR systems. Interviews 

are useful because they can provide in-depth knowledge about a phenomenon in its existing 

context. They can be either unstructured, semi-structured or structured (Cohen, Manion & 

Morrison, 2007). With unstructured interviews, the interviewer can probe and explore topics as they 

come up. It is already clear the challenges to the IPR system revolves around two concepts; 

appropriability and diffusion. Since this is an explorative study, not all knowledge is known and can 

therefore not be transcribed into entirely comprehensive questions. So a purely structured interview 

would disregard important information. Semi-structured interviews provide a useful tool for 

unraveling this hidden information by leaving the interviewee room to add things s/he considers 

important. Next to that, comparability of the data from collected interviews is enhanced when the 

questionnaire is standardized (Folkestad, 2008). The semi-structured format leaves enough room to 

fully evaluate and quantify the individual answers, which is impossible with the unstructured set-up 

(Newton, 2010). Semi-structured interviews are used for gathering the information needed to 

answer the first three research questions. 

4.2.2. Analysis 1: Interviews 

For the purpose of identifying the challenges to the IPR system, the research question was sub-

divided into the following objectives:  

 Interview experts who’s research revolves around the boundaries of IPR in society in relation 

to 3D printing technology 

 Identify the challenges to the IPR system from the perspective of incumbents 

 Identify potential strategies incumbents can use to react to current developments 

 Identify the potential positive effects of 3D printing technology on creativity and innovation 

 Obtain an expert’s view on the developments of 3D Printing and its implications. 

A criterion sampling method is used to identify interviewees. Keyword queries were performed in 

search for statements from academics, patent offices and news articles on the internet. The search 

encompassed a combination of keywords like: ’IPR’, ‘3D’, ‘Printing’ and ‘Research’. When a thread 

was found, a more in-depth research is done to ensure the actor qualifies as an expert who’s 

research revolves around the boundaries of IPR in society in relation to 3D printing technology. Of 

qualified experts, contact details were gathered from relevant papers and an approach was made via 

e-mail. Experts were interviewed until a critical mass was reached; meaning that no new relevant 

information will surface when more actors are interviewed. Semi-structured interviews were used to 

allow the interviewee to add potentially unknown information and elaborate on the potential (side) 

effects of the challenges to the IPR system. This ensures a full understanding of the potential 

challenges for the IPR system.  

A standard questionnaire that consists of 12 open questions was used to enable comparison among 

actors and questions. The questionnaire can be found in appendix 2. The interview questions are 

centered around the expert’s opinion about the challenges 3D printing technology will pose for 

society as a whole. More specifically; for consumers and firms. There are two types of issues 

concerned with the technology. Therefore the interview is separated into two parts. The first 
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revolves around the concept of appropriability. Identified with 8 questions that concern the first 

research sub-question, sub-RQ1: ‘What are the challenges brought by 3D printing technology for 

incumbents?’. As it is expected that the technology also provides a useful tool that could be used for 

the purpose of generating creative objects, the second part is aimed at understanding the 

implications for the concept of diffusion. This translates into 4 questions that concern the second 

research sub-question, sub-RQ2: ‘What are the potential positive effects of 3D printing technology 

on creativity and innovation?’ that were implemented into the questionnaire. Within the 

questionnaire, a distinction is made between the four different types of IPR because implications 

might vary7. While identifying the challenges and the potential to innovation, the third research sub-

question, sub-RQ 3: ‘Do the challenges posed to the innovation system affect the production 

system?’, is answered by using the same questionnaire, because in both parts of the questionnaire 

some questions specifically refer to the challenges and innovative potential of the different types of 

IPRs. 

To ensure no information gets lost and an objective & reproducible analysis of the results, all 

interviews are recorded and transcribed into a question & answer format. The results of all 

interviews are analyzed via a compare & contrast method, enabling comparison among 

interviewees. Where possible, the answers are quantified into descriptive answers and tallied. The 

questionnaire is designed to limit the time the interviews take to a maximum of one hour. When 

there are indications that the dialogue between the participants takes too long and overstep the 

time, the interviewer will speed up the conversation by addressing the questions more quickly. Most 

actors are located transnationally. To reduce traveling costs, the interviews are conducted via Skype.   

4.2.3. Limitations 

Because of the semi-structured setup of the interviews, the interviewer will interact with the 

interviewee during the answering of the question. Either for the purpose of clarification or obtaining 

more information about the subject. This type of information gathering will influence the direction 

of the answer and therefore the answer to the question itself. However, by using the set format of 

the questionnaire the direction of the conversation is led in broad lines. So if the direction of the 

question turns into an irrelevant direction, the next question will be directed into the preferred 

direction.  

Due to the question & answer format, information about the social context of the conversation will 

be lost. The relation the interviewer has with the different interviewees and thus the way in which 

the interviewees are addressed and approached might vary somewhat. This could result in a loss of 

information, because the participants could feel more or less comfortable by telling more or less 

about the subject. However, the questions are directed at obtaining open objective answers from 

the experts about the technology. The experts themselves are not the unit of analysis. Therefore, it 

is expected that the loss of information is insignificant.  

The interviewees might not feel comfortable with telling everything they know. For one, it could be 

that the interviewee urges discretion because their opinion is not shared among academics in the 

                                                           
7
 Challenges to patents, copyrights, trademarks and design rights might differ because they protect different 

aspects of the artifact. For one; patents protect utilitarian aspects whereas the others cover the art of 
creation. Two; a second argument for the justification of trademarks is that they protect the consumer by 
signaling product quality (Greenhalgh & Rogers, 2010). 
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field. To control for this issue, all participants are made anonymous. Answering the questions to its 

full extend will have no social consequences for the participants.  

The debate around 3D printing and its relation to IPRs is controversial. The literature suggests that 

there are actors pro-IPR regulations, some say that the scope should be limited and others even go 

further by claiming that society should get rid of the IPR system entirely. This causes the subject to 

be sensitive to personal opinions and agendas. To control for this effect, the questions of the 

interview are aimed to generate objective answers. 

4.3. Analysis of the potential impact of 3D printing on the production 

system 
For the second set of research questions it is necessary to measure technological change. For this 

purpose, patent landscaping provides a useful and rather standardized tool for analysis. This section 

of chapter four explains how quantitative methods can be used for the benefit of identifying and 

technological paradigms and trajectories. It starts out with a broad view on why patents are useful 

indicators for innovative activity. It will then continue with a short introduction on bibliometrics & 

citation network analysis, which provide a framework for the proposed patent landscaping methods 

that enable to investigate technological change. Before the methods of analysis are described 

however, it is necessary to zoom in on the exact unit of analysis; patent families, the database that is 

used and the IPC classification system that lay at the foundation of the proposed methods.   

The methods discussed in this research are summarized in Table 2. Five Bibliometric methods are 

proposed to investigate the GPT characteristics of 3D printing technology. The first column contains 

the analysis’ number, the second the type of analysis, the third the method, the fourth gives 

elaborates on the focus of the method and the fifth describes its intended purpose. Each method 

has its own paragraph that elaborates on it at the end of this chapter. The first three methods are 

based on quantitative bibliometric ideas. The last two analyses are based on the citation network of 

the patents in the dataset. The two clustering methods aim to combine patents in groups with a high 

degree of technological relatedness. This helps to understand the structure of the network and helps 

to find the heuristics in the paradigm, which essentially represents the trade-offs made between the 

technical and economic dimensions. 

# Type of analysis Method Focus on Goal of analysis 

2 Technology life cycle 
analysis 

Technology S-curve # of patents 
# of assignees 

Identify stage of technology 
Identify important assignees 
Identify market share of assignees 

3 Occurrence analysis Technology field 
occurrences 

Entire IPC 
IPC part I 
IPC part II 

Identify technology fields 
 

4 Co-occurrence analysis Spectral clustering of 
technology fields 

Entire IPC 
IPC part I 
IPC part II 

Identify linkage between technology fields 

5 Patent network analysis Technology field linkages Entire IPC Identify linkage between technology fields 

6 Network clustering 
analysis 

Modularity clustering  3D printing citations 
3D printing to External 
All citations 

Identify technological sectors 

Table 2: Overview of proposed analyses 
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4.3.1. Patent landscaping as a tool for mapping technological change 

Patent landscaping is a common method for obtaining an overview of a technology. This paragraph 

explains why patents are a useful indicator for innovative activity and places this idea in context with 

quantitative data analysis. Thereafter, citation relations are discussed because they present a useful 

attribution to the usual analysis of patents. After a framework for analysis is established, the 

paragraph zooms in on the implications for the analysis of a GPT and its TLC.   

Patents as indicator for innovative activity 

A patent is a legal documents that provides ‘an exclusive right granted for an invention, which is a 

product or a process that provides, in general, a new way of doing something, or offers a new 

technical solution to a problem’ (WIPO, 2014). In other words; a patent provides an exclusive legal 

right over new technical knowledge. Next to that, it contains an economical consideration of the 

applying actor. New knowledge is disclosed in exchange for a monopoly. Patenting thus constitutes 

the commercialization of a new invention. Patents are therefore not only useful for legal protection, 

but can also be used as an indicator for innovative activity. 

There are important practical advantages to the use of patents as indicator of innovative activity. 

Firstly, patents are available in an early stage of the development of a technology. Therefore they 

provide a useful tool for the analysis of technological change. Secondly, patent data is in abundance. 

There are several databases that keep patent data that are (publically) available. This makes them 

relatively easy to obtain and assess. Furthermore, they contain a lot of in-depth information because 

of the disclosure conditions for application. They carry information about technology classes, 

inventor, assignee, patent number, patent family, cited patents, cited assignee, cited inventor, 

country, title and even an abstract describing the invention in short. This also makes them 

interesting for the purpose of analyzing business opportunities. Moreover, it provides a useful 

means to compare other findings with. And thirdly, they typically cover a long period8. This allows 

the analyst to say something about a considerable period of time. 

A standardized framework for patent landscaping 

To unravel the dynamics of technological change, often technology landscapes are created with the 

use of ‘Bibliometrics’. Bibliometrics is defined as ‘the application of mathematical and statistical 

methods to books and other means of communication’ (Pritchard, 1969). These methods are 

characterized by the quantitative analysis of data. It provides an effective tool, because it enables 

the analyst to obtain an overview of his research topic without the need to read through every 

document. Okubo (1997) has shown that it is possible to apply these statistical methods in a wide 

variety of fields including the statistical analysis of scientific output in the form of articles, 

publications, citations, patents and other indicators. By performing bibliometric methods on patents, 

the analyst can obtain insight in a particular field of technology by counting for example the number 

of documents that are related to a specific technological field over time, or identify the most 

influential actors by counting the number of documents they are involved with. The resulting patent 

landscapes can give scientific insights in a field of technology and its developments and can also 

provide strategic insights for firms. Developments in research areas based on publications over time 

can give an indication about its growth rate. 

                                                           
8
 In most major industrialized nations such as in Europe, Japan and the USA typically 20 years (Granstrand, 

2000) 
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Bibliometrics are particularly useful for this study because of the ability to map technological change 

based on patent data. They can be used to provide information about technological development in 

a particular field and allow for the identification of the sectors that are influenced by the technology. 

Therefore, patent landscaping via bibliometrics provides an efficient tool to investigate the second 

set of research questions. 

The indicators used in bibliometric analyses can be purely quantitative (e.g. counting occurrences), 

but also relational. Meaning that analyses are based on the relation between units of analysis. The 

following paragraph continues with a relational type of analysis; citation network analysis.  

Patent citation networks in the analysis of technological change 

Because patents require an invention to be novel, patents are required to reference to previous 

patents. These references are known as patent citations. The relations between patents are of 

particular interest because they emit information about the direction of innovative activity. Garfield, 

Sher and Torpie (1964) have demonstrated that there is a correlation between the evaluation of 

events by historians and the citational relationships between these events. Later, Jaffe and 

Trajtenberg (2002) enforced this by showing that the technological significance of patent citations is 

highly correlated to other measures experts use for valuing innovations. Apparently citational 

relationships can be used to analyze technological developments. Nooy, Mrvar and Batagelj (2005) 

help to understand this concept by looking at a network that is build up out of scientific documents 

that are linked to each other via citations9. This citation network can be seen as a ‘system of 

channels’ that transports knowledge. A document that is needed to connect many others is more 

crucial than others. The succession of several citing documents shows the evolution of a technology. 

Analyzing patents can thus be useful for analyzing technological change.  

Many academics find citation networks useful for the purpose of analyzing technological change for 

several reasons (Verspagen, 2007; Hall, Jaffe, & Trajtenberg, 2001; Bekkers & Martinelli, 2012; 

Fontana, Nuvolari & Verspagen, 2009). First of all, innovation in technical systems is distributed. It 

takes place locally, often in combination with other actors. This means that changes in one part of 

the network, trigger changes in other parts of the network (Fontana, 2009). Second, innovations are 

incremental by nature and tend ‘to occur around well-established technical designs in order to 

ensure that adequate levels of compatibility are maintained’ (Antonelli, 1992). Third, innovations are 

generally continuous. The incremental nature of innovations combined with their systemic nature 

contributes to the rapid pace of technical change (Antonelli, 1993). The traditional approach of 

counting the number of citations might miss these principles which are important to measure 

inventive activity (Fontana, 2009).  

The implementation of patent landscaping for analyzing a GPT and its TLC  

Patent landscaping techniques present a rather standard framework for the analysis of technological 

performance and development. The JIII (2000) has written a ‘Guide Book for Practical Use of “Patent 

Map for each Technology Field”’. In the book they describe the indicators that may be used for 

measuring the development of technology on the basis of patent landscaping techniques. The 

overall composition of a technology field or its expanse may be analyzed with the use of patent 

classifications, because these classifications represent the technology sectors an invention can be 

                                                           
9
 When an author published scientific literature, the writer is obliged to reference to previously published 

work. 
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applied in. It is an indicator of the spread of uses of technology fields defined for the patents. The JIII 

also notes that because the technological fields are those before actual commercialization and are 

studied for the purpose of technical application, they can be used to indicate areas that have high 

potential for realization (JIII, 2000). Research has shown that a positive relation exists between 

patent and market activity (Ernst, 1997). Therefore, the patent and technology approach of the TLC 

can be combined. This idea is used to provide indicators to measure the degree to which 3D printing 

technology is a GPT as described by Bresnahan and Trajtenberg (1995). 

Haubt, Kloyer and Lange (2007) have developed a method to measure technological performance 

over time. They claim that technological development follows what they call a S-curve. This curve 

depicts the relationship between technological performance and four phases of evolution. The first 

is called Introduction. During this phase fundamental research is done. Few companies are involved 

with the technology and there is high risk of failure, as the potential of the technology is uncertain 

and it is not clear whether all fundamental technological issues can be resolved. The second phase is 

Growth. The biggest technological uncertainties are overcome. The potential of the technology has 

become more clear. Competition arises as many firms enter the market and R&D is done. Mostly on 

the product innovation side. During the Maturity phase there is a constant grow in the number of 

innovations. The focus of development shifts from product to process innovation. After the maturity 

phase, the technology will enter the phase of Decline or Saturation. The technology loses its 

competitive impact and potential to be developed further. It becomes difficult to increase 

performance, with a decline in innovative activity as a result (Haubt, Kloyer & Lange, 2007). So 

technological development can be measured based on its performance. Ernst (1997) has 

summarized the S-curve model with Figure 15. The figure shows that technology performance 

increases as it evolves over time.  

 

Figure 15: The S-curve concept of a technological life cycle, from Ernest (1997) 

Haubt, Kloyer and Lange’s (2007) show with their framework that along the path of technological 

development, there are two main changing factors that influence the performance of technology. 

These are the number of patents over time and the number of competitors. According to the JIII, 

technological change can be measured by looking at the number of patent applications within a 

technology field over time. Also, the appearances of important patents can be taken into 

consideration to provide an indicator for technological change, because the number of patent 

applications provides an indication of technological development activities, the number of applicants 

may be used as indicator for the number of participating companies within the technology. The most 



41 
 

important assignees can thus be identified and information about their market share revealed. 

Observing this relationship makes it possible to grip the maturity of the technology field (JIII, 2000). 

The JIII presents a similar picture of the S-curse framework. Figure 16 depicts the relation between 

the number of applications and the number of applicants as a technology develops over time. As the 

number of applicants within a technology field rise, so does the number of applications. During the 

mature period, the number of applicants stagnates and decline follows.  

 

Figure 16: Changes in the number of applications, from JIII (2000) 

4.3.2. Patent specifications 

Because of both the scientific arguments and the practical considerations as described above, 

patents provide a sufficient source of information for the purpose of answering the second set of 

research questions. However, in order to use the data, a few considerations concerning the 

definition of the unit of analysis, the source of the data and the definition of technology fields that 

represent the affected sectors in which the technology is active have to be determined. This 

paragraph discusses respectively patent families as a unit of analysis, the Derwent Innovation Index 

as most useful database and the International Patent Classification (IPC) system as indicator for 

technological areas. 

Patent families as unit of analysis 

Across the world there are many separate legislative regions, with each their own authority that 

manages the administration of their patent system. This causes, patents to get different numbers 

assigned across regions (Michel & Bettels, 2001). Therefore, it can happen that the same invention is 

applied for in different countries, resulting in a set of different patent numbers covering the same 

invention. Next to that there are different types of patents. These are divisional and continuation 

patents. A Divisional patent is created when an examiner is under the impression that an invention 

should be covered by more than one patent, all covering individual aspects of the latter. The original 

patent has to be revised and a new divisional patent may be applied for to claim the second 

invention. So the divisional patent then contains matter from its ‘parent patent’. A continuation 

patent occurs when an actor applies for a patent and it gets rejected by the patent office that 

scrutinizes it. The applicant can choose to revise the patent. During this process, each patent gets its 

own patent number assigned whereas all patents in the process essentially relate to the same 

invention. A priority date, which is used to determine prior art, is set and kept equal to the filing date 

of the parent in all three situations (EPO, 2014a). Patent families are created for patents that cover 

the same invention and thereby gathered under one number to prevent the usage of redundant 

patents in datasets. 



42 
 

Patent databases 

There are several sources to obtain patent data from. All of these databases have their 

(dis)advantages. In this paragraph, as selection is made out of four databases; Espacenet’s WIPO 

database, Thomson Reuters’ Derwent Innovation Index, the National Bureau of Economic Research’s 

(NBER) ‘Bronwyn Hall’ patent citation database and the European Patent Office’s (EPO) Worldwide 

Patent Statistical Database (PATSTAT). For the selection process four aspects are discussed; 

availability of worldwide patents, covered time period, usage of patent families and the ease of use. 

It is expected that the technology has GPT properties. Countries contain a variety of different 

technological sectors. Therefore, it is necessary to investigate patents across countries. For this 

reason it is best to consult a database that covers both U.S. and WO patents. Espacenet’s WIPO 

database, the Derwent Innovation Index (DII) by Thomson Reuters, the National Bureau of Economic 

Research’s (NBER) ‘Bronwyn Hall’ patent citation database, the European Patent Office’s (EPO) 

Worldwide Patent Statistical Database (PATSTAT) all provide worldwide coverage of patent families.  

A second issue that needs to be taken into account is the period of time that is covered by the 

database. As described earlier in this report, it is assumed that 3D printing is an emerging 

technology. Therefore, it is reasonable to assume that there is still research & development being 

conducted in recent years as well. For a proper analysis of the technology it is important that the 

assessed data is up to date. But it should also include patent families that date back to the sixties. 

The technology review section has shown that the first patents related to 3D printing where filed in 

1967. The official NBER patent database only covers US patents between 1963 and 1999 (Hall, Jaffe 

& Trajtenberg, 2001).  Later an unofficial update was made by Bronwyn Hall that dates U.S. patents 

up to 2006 (Hall, 2009). Therefore, NBER is not suitable. 

A third consideration concerns the use of patent families. The previous paragraph has shown that 

patent landscape analyses based on patent numbers can lead to inaccurate results. For determining 

which patents belong to the same family, the EPO developed the INPADOC legal status. The 

INPADOC considers ‘all documents directly or indirectly linked via a priority document belonging to 

one patent family’ (EPO, 2014b). INPADOC information is available via EPO’s Worldwide Patent 

Statistical Database (PATSTAT). The Derwent Innovation Index uses the Derwent Primary Accession 

Number (DPAN). Here, patent families are drawn together via the relationship defined by the 

priority or application details claimed by each document. Thomson Scientific puts a lot of effort in 

including patents in families even when no foreign priority is claimed. For example, when an 

application was made more than 12 months ago10. This results in a somewhat more extensive 

database. 

Fourth and last, citation networks comprised of patents are often very large. Exporting large 

quantities of data is somewhat easier with Derwent than Espacenet’s WIPO database. To get a good 

overview of the technology’s network, all citing patent families must be retrieved from the database. 

For these reasons, the Derwent Innovation Index is suitable for the quantitative data analyses in this 

research.  

                                                           
10

 The Paris Convention requires that the priority date of a patent document may be used up to 12 months 
after first filing the priority patent (EPO, 2014b) 
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Patent classifications 

There are many different technology fields with many different technical disciplines. In order to help 

patent examiners and other actors to search for relevant documents concerning a specific technical 

field, the International Patent Classification (IPC) system provides a hierarchical framework for the 

classification of patents into their technology areas (WIPO, 2004). The classification subdivides 

technology into 8 sections, 20 subsections, 118 classes and 624 subclasses and over 67.000 groups. 

All of these have a title and symbol so that they are locatable independent of language.  

An IPC code consists of 9 letters and numbers. It has a typical structure characterized by a letter, 

followed by two digits, a letter and five consecutive digits. In short it looks like 𝑋𝑛𝑛𝑌 − 𝑛𝑛𝑛/𝑛𝑛. The 

following Table 3 visualizes the IPC code system as it is defined by WIPO (2004) and links the 

characters of the code to its respective section, class or group. 

Section Sub-section Class Sub-class Group 

X nn Y nnn nn 

Table 3: Typical IPC code structure 

Analysis of different lengths of the IPC 

For the purpose this research, the IPC codes are used to represent the technology fields in which a 

technology can be used. The proposed analyses are performed at three different levels of the 

technology fields as described by WIPO (2004) to allow for comparison within the specified methods. 

Also, it might reveal other frequently occurring technology fields because of different technology 

field distributions. By assessing the classification codes ranging from very specific to less specific, the 

share of technology fields shifts toward the common denominator. This helps to understand the 

technology fields that are underlying the entire IPCs. Table 4 describes the different lengths of code 

used in the analyses. 

Entire IPC IPC part I IPC part II 

𝑿𝒏𝒏𝒀 − 𝒏𝒏𝒏/𝒏𝒏 𝑋𝑛𝑛𝑌 − 𝑛𝑛𝑛 𝑋𝑛𝑛𝑌 

Table 4: Differentiation of IPC code levels 

The most in-depth analysis is based on the ‘entire IPC’ code. This includes the technology fields from 

section to group. ‘IPC part I’ excludes the groups, thereby leaving section to sub-class in the IPC code 

as the last two digits of the code are left out of the analyses. ‘IPC part II’ represents the least specific 

level of code. It includes only the technology section, sub-section and class. 

Categorization 

Next to analyzing single IPC codes, some methods described in the next paragraphs look at 

frequently occurring combinations of IPC codes. These combinations will be known as ‘clusters’. 

Because the clustering can result in a combination of different technology fields, the IPC codes 

within the clusters are subjected to a categorization. This categorization provides an indicator for the 

technological relatedness of the IPC codes. Four different categories are developed. category 1 is 

assigned when a cluster consists of codes that all belong to the same technology section, sub-section 

and class. A 2 when only the section and sub-section are similar. Category 3 is assigned to clusters 

that contain IPCs that only have similar technology sections. Category 4 is used for clusters that 

combine codes with different sections. Ranging from 1 to 4, the categorization system indicates 

highly similar technology classifications to clusters consisting of patent families that combine 
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different fields of technology. Table 5 summarizes the different categories and their meaning per 

category.  

Categories for indicating technological relatedness 

1 Clusters that combine different technology sub-classes & groups 

2 Clusters that combine different technology classes 

3 Clusters that combine different technology sub-sections 

4 Clusters that combine different technology sections 

Table 5: Categories for indicating technological relatedness 

 
Equation 1 describes the distinction between the different categories of WIPO’s (2004) hierarchical 

system in mathematical terms as it is used in this study. It explains the extent to which the 

categories contain similarities in the IPC codes:  

With 𝑋 ∈ (𝐴, … , 𝐻) 

𝑛 ∈ (0 − 9) 

𝑌 ∈ (𝐴, … , 𝑍) 

Category 1 = 𝑋𝑛𝑛𝑌 − (𝑛3, … , 𝑛5) (𝑛6, 𝑛7)⁄  

Category 2 = 𝑋𝑛𝑛(𝐴, … , 𝑍) − (𝑛3, … , 𝑛5)/(𝑛6, 𝑛7) 

Category 3 = 𝑋(𝑛1, 𝑛2)(𝐴, … , 𝑍) − (𝑛3, … , 𝑛5)/(𝑛6, 𝑛7) 

Category 4 = (𝐴, … , 𝐻)(𝑛1, 𝑛2)(𝐴, … , 𝑍) − (𝑛3, … , 𝑛5)/(𝑛6, 𝑛7) 

Equation 1: Division of categories 

4.3.3. Analysis 2: Technology life cycle analysis 

For the purpose of this research, an analysis of the technology S-curve of 3D printing technology is 

performed. The number of patent applications will give an indication of technological development 

activities. The number of patent assignees is used as an indicator for the number of participating 

companies within the technology. The most important assignees are identified and therewith their 

market shares revealed. Information about the relationship between the number of applications and 

the number of assignees will serve as an indicator for the maturity of 3D printing technology into its 

TLC. 

4.3.4. Analysis 3: Occurrence analysis 

The WIPO (2004) provides a standard hierarchical system for the identification of technology fields. 

The frequencies of occurring IPCs among patent families are counted. As every patent contains one 

or more IPC to refer to the technology field in which the technology can be used, looking at the 

occurrences of IPC codes provides information about the share of each technology fields found in 

the data. The more frequent a technology field is occurs, the more important it is deemed. This 

rather crude analysis is useful to get an indication of the distribution of possible technology fields.  

4.3.5. Analysis 4: Co-occurrence analysis 

For the second analysis, a new method is suggested. The co-occurrence of IPC codes will show which 

IPC classes are often used together, indicating a technological linkage between the two classes. A 
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spectral clustering method is performed on the most occurring IPC pair combinations. Doing this for 

both a dataset that represents all 3D printing technology and for a dataset that builds upon this 

knowledge, will give an indication about which technological areas build upon the technology of 3D 

printing. And therefore, provide an indication about the technology’s pervasiveness. Technological 

areas in the latter dataset can also be interpreted as technological areas that represent the 

industries that are disrupted by 3D printing. This explorative method is used to find out which 

industries are disrupted by 3D printing.  

The most frequent occurring IPCs are determined and placed along both the X and Y-axis of a table. 

The IPCs are ranked on frequency, highest to lowest. This ensures that the analysis is based on ratio, 

rather than just the frequency. The number of times a combination of two IPC codes occurs, is  

returned into the respective cells of the table, resulting in a IPC co-occurrence matrix. The matrices 

are then sorted conform the normalized eigenvectors of its Laplacian transformation. The algorithm 

creates a cumulative distribution function out of the random frequencies and places values with the 

similar eigenvectors near each other. As a result, combinations IPC codes appearing together are 

related more closely to each other within the matrix. In simpler terms this means that; if a 

combination of technology field A and B appear often among the patents. And so do technology 

fields A and C. One can assume that statistically, a combination of technology field A, B and C also 

occurs often among the patents in the dataset.  

Systematically, clusters are sought by using a coloring of the cells within the matrices based on the 

frequency of co-occurring IPC combinations. By increasing the cut-off value of the frequencies, cells 

with higher frequency IPC combinations are made visible, indicating a technology cluster. After a 

cluster is identified, all patent families that were assigned the cluster’s IPC codes are inquired from 

the dataset. A word count analysis is performed on the basis of the abstracts of all patent families 

within a cluster, to systematically identify the main theme of the cluster.  

4.3.6. Analysis 5: Patent network analysis  

The firth analysis uses the citational relationship between technology fields. The citational 

relationships between patents indicate a knowledge flow. By looking at the citational relationships 

between the technology fields of 3D printing and patent families that build upon the knowledge of 

3D printing, it is possible to identify technological development in performance and the direction in 

which the technology is headed. It can also be used to identify areas of disruption.  

A table is created with the most frequent appearing IPCs in both datasets. The number of times an 

IPC is cited by another is transcribed into the relevant fields in the table. The resulting matrix is used 

to indicate a flow of technology field relations.  

4.3.7. Analysis 6: Network clustering analysis 

Several algorithms have been developed to provide insight into the structure of networks. Out of 

these, VOS clustering (also known as modularity-based) clustering is a useful way finding the main 

topics or the main research fields within a certain scientific domain. They can also be used to 

investigate how these fields relate to each other and whether the domain has developed over time 

(Waltman, van Eck & Noyons, 2010). VOS stands for Visualization of Similarities. The aim of VOS is to 

provide a visualization in which pairs of objects are located in such a way that the distance between 

the two reflects their similarity. Objects with high similarity are placed close to each other, whereas 
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objects that are hardly similar are placed far away from each other (Van Eck & Waltman, 2007). In 

the case of this research, the similarity is based on the citations relations between the nodes. 

4.3.8. Limitations 

There are limits to the usage of patents for the purpose of analyzing technological change. The 

assumption of transported knowledge is subject to a lot of criticism. For one, patent citations are 

used to determine the novelty of a patent and have the practical use to form a legal limitation to the 

scope of the patent. Two, an examiner also assigns references to prior art he deems necessary even 

though the inventor might have never used the knowledge captured in these patents (Trajtenberg, 

1990; Jaffe, Trajtenberg & Henderson, 1993; verspagen, 2007; Breschi & Lissoni, 2004). Three, there 

are differences across countries in what exactly is patentable11. Four, there are sectorial differences 

in patenting intensity, firms use patenting strategies that distort patent measures as the ‘inventive 

step’ demand is always open for interpretation. Five, patenting behavior depend on business 

strategies in which economic considerations are involved12. Therefore they do not emit pure 

innovative activity. And six, patents do not possess an objective measure of quality. Some patents 

are more important within the technological field than others and not all granted patents lead to a 

successful innovation. This makes it difficult to determine which patents should be included in an 

analysis, as one cannot look into the future. 

While it is interesting to analyze the production system on the basis of patents, an assumption was 

made about the relationship between the innovation and production system. If there are already 

effects of 3D printing visible in the market, some firms might have already refrained from filing for 

patents in a particular field. If this is the case, then any dataset containing relevant patent data 

would suffer from reduced recall or precision. 

4.4. Summary 
This chapter started out with a clear distinction between the innovation and production system that 

was created in the theory chapter. Six analyses are proposed. For the first three research questions, 

semi-structured interviews provides the most adequate approach because of the explorative 

character of the questions. Semi-structured interviews will aid in identifying the challenges to the 

IPR system and lay a ground for analysis of the production system. For the questions that concern 

the production system, technological change is investigated by performing patent landscaping. The 

second section of this chapter has showed that patent landscaping provides a rather standardized 

means for mapping the dynamics of technological change. Patent families contain IPC codes that 

indicate their relevant technology fields and citation information that can be used to analyze 

technological progress. Patent information can be retrieved from the Derwent Innovation Index. Five 

bibliometric analyses are proposed for the creation of a patent landscape of 3D printing technology.  

  

                                                           
11

 For instance; software and biological structures can be filed for in the U.S. but not in Europe. Greenhalgh 
and Rogers (2010) elaborate on the geological boundaries and the differences across countries. 
12

 Granstrand (2000, 218-237) elaborates on specific patenting strategies. 
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They are used to determine technology improvement and identify areas of disruption. The next 

section continues with the data that is collection for the methods discussed in this chapter. Table 6 

summarizes the methods that are used in this research. 

Type of analysis Method 

Content analysis Semi-structured interviews 

Technology life cycle analysis Technology S-curve 

Occurrence analysis Technology field occurrences 

Co-occurrence analysis Spectral clustering of technology fields 

Patent network analysis Technology field linkages 

Network clustering analysis Modularity clustering 

Table 6: Summary of proposed methods  
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5. Data sources 
In the previous chapter, several methods were proposed to find answers to the main research 

questions. This chapter elaborates on the data that was used for these methods. For the qualitative 

part, interviews are analyzed. The collection of this data has already been discussed. Therefore, this 

chapter mainly focusses on the data gathering for the quantitative methods in the second section. 

This chapter explains how a relevant set of patent families was collected. A patent query was 

performed to construct a dataset that represents all relevant 3D printing technology patents. Two 

datasets form the basis for all the methods described for the patent landscaping methods. 

5.1. Data sources for analysis of innovation system 
Paragraph 4.2.2. describes the method that was used to obtain the data for the interviews and 

discusses how it was used.  

5.2. Data sources for analyses of production system 
A relevant 3D printing dataset is needed for the mapping the technology. The next paragraph zooms 

in on the attempt to construct a relevant dataset based on the literature review in chapter three. 

Because it is difficult to identify a relevant patent dataset, its following paragraph elaborates on a 

dataset that does meet requirements. This dataset is then expanded to identify areas of technology 

usage and disruption. 

5.2.1. The construction of a patent dataset that represents 3D printing technology 

As described in the Patent databases paragraph in the previous chapter, the Derwent Innovation 

Index provides the best source of patent data for this research. A patent search query was 

performed with the intention to identify a relevant patent dataset that represents 3D printing 

technology. Six searches were performed on the basis of keywords obtained from the technology 

review in chapter three. Per search, further refinement of the initial dataset was performed through 

a visual analysis of the patent family titles to ensure precision. The queries are presented in 

appendix 3. The Venn diagram in Figure 17 shows the search area of the query.  

 

Figure 17: Venn-diagram of patent search query for 3D printing technology 
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Because 3D printing technology is broadly defined within the literature, there is a lot of 

fragmentation in keywords and IPC categories. The keyword analysis shows that a query that 

combines ‘3D’ & ‘printing’, ‘rapid prototyping’ and ‘additive manufacturing’ is useful in revealing the 

core dataset of patents that cover 3D printing technology. In the Venn-diagram this initial dataset is 

indicated in bright blue. However, addition of queries that include the individual technologies SLA, 

FDM, 3DP, LS, LOM and LPF pop-up many new patents outside of the area of the core set. These are 

indicated in green in the Venn-diagram. Furthermore, 3D printing’s Inkjet technology in particular 

poses difficulty because 2D printing technology is indicated by using the same keyword. Also, rapid 

prototyping contains patents that do not concern 3D printing technology at all, but rather rapid 

molding and mold creation processes. These technologies lower precision. They are indicated with 

red in the Venn-diagram. It is difficult to create a dataset with high recall and precision that boxes in 

the individual technologies that were described in chapter three. Due to these reasons, a dataset 

that consists of relevant 3D printing technology is purchased. It is discussed in the next paragraph.   

5.2.2. Castle Island dataset 

The Castle Island (CI) database consists of approximately 14,829 patents and published applications 

concerning 3D printing technology, and it is expanding at a rate of 2,000 patents and applications 

per year. It covers all facets of 3D printing, including; manufacturing processes, materials, software, 

concrete applications, tooling and direct manufacturing (Additive3d, 2014). The database consists of 

4975 issued patents. For every case the patent number, title, inventor, assignee and class are given.  

For a proper mapping of the technology, more information is needed. Additional information about 

the Castle Island patents was gathered by cross-referencing the patent numbers in Derwent. This 

includes priority dates, patent family numbers, IPC codes, citing patent information and abstracts. 

4641 individual patents were found. 334 patents were not found. From these, 45 patents were not 

found because they were filed before 1963. 35 patent numbers concerned reissue numbers. The 

other 254 patents are not represented on the DII. Out of the remaining 4640 patents, 300 belong to 

the same patent family. 4340 patent families remain to represent the 3D printing technology 

dataset. This dataset is used for all further analyses. 

5.2.3. Expansion of the patent dataset via citation links 

The Castle Island dataset provides relevant 3D printing patents. The patent landscaping activities are 

carried out by using the patent families in this dataset to map technological change in the field of 3D 

printing technology. However, for this study it is interesting to investigate the disruptive effects of 

the technology. Expansion of the CI dataset on the basis of citation links reveals technological areas 

that build upon the technology of 3D printing will reveal areas in which disruption takes place. For 

this purpose, a second dataset is created called the ‘External’ dataset. It consists of all patents 

families that cite the 3D printing patents. In order to keep the data manageable, only patents that 

are citing the 3D printing families are taken into consideration. 

In Figure 18 a schematic representation of the Castle Island dataset in relation to the External 

dataset is depicted. The blue circle represents the area of the patent families that represent 3D 

printing technology. The External dataset contains all patent families that cite the 3D printing patent 

families. It is indicated in red. The purple circles represent the patent families within each dataset 

and the edges in-between these patent families indicate the citation direction. They point to the 

cited family. The figure shows that all External patents are linked to at least one CI patent. However, 
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linkages among patents families within both datasets is also possible. The overlap of the datasets 

represents the group of patent families that cite families from within the 3D printing dataset. To 

prevent analyses with redundant families, the redundant families are removed from the External 

dataset. Both the 3D printing technology dataset and the External dataset are used for all 

quantitative analyses. 

 

Figure 18: Dataset construction of patent families 

5.2.4. Analysis parameters 

A cited patent search in Derwent showed that 3448 (79%) of the CI patent families were cited by 

59821 patents outside the area of 3D printing technology. All duplicates families and patent families 

already in the CI dataset were removed based on comparison of patent family numbers. 25151 

patent families remain that represent the External dataset. The dataset contains the following 

informational elements of the patent families; Inventor, Assignee, Patent Family Number, IPC codes, 

Priority date and Citing Patent information. 

The following Table 7 gives a summary of the data that was used for the quantitative analyses. It 

summarizes the most important parameters of both the 3D printing technology dataset and the 

External dataset. In the first column, the relevant parameters are given. The second column refers to 

the quantities of the parameters of the 3D printing dataset. The third concerns the External dataset. 

The number of citation relations concerns the amount of citation relationships in-between the 

datasets. Therefore they are found under neither the second or third column. The number of 

individual IPCs that represent the technology fields are given for all three levels of analysis.  
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The number of IPC relations under the External dataset represents the total amount of citations 

made to technology fields in the 3D printing dataset. The number of IPC relations under the 3D 

printing dataset indicates the total number of technology field relations among patent families 

within the 3D printing dataset. 

 3D printing dataset External dataset 

# patent families 4340 25151 

# relations within dataset 28290 65578 

# 3D printing families cited 3448 

# relations 3D – External dataset 37386 

# individual IPCs 
- total IPC 
- IPC part I 
- IPC part II 

 
7008 
2100 
399 

 
19208 
4247 
569 

# IPCs 27944 166719 

# IPC relations 155826 73257 

# firms 3127 11337 

coverage (years) 1967-2012 1975-2013 

Table 7: Descriptives of both datasets 

5.3. Summary 
This chapter zoomed in on the data that is used to perform the analyses that were proposed in the 

research methodology chapter. Two datasets lay at the source of the results presented in the next 

chapter. Because of the broad literature on 3D printing technology, it is difficult to identify a dataset 

with high recall and precision. Therefore, a preset dataset entitled ‘the Rapid Prototyping US Patent 

Database’ compiled by Castle Island Co. is used that represents all relevant 3D printing technology 

patents. This dataset is used for the patent landscaping to map technological change of 3D printing. 

A second dataset entitled the ‘External’ dataset is created to reveal patents that build upon the 

knowledge of 3D printing technology. It is used to identify the technological areas that are disrupted 

by 3D printing. Both datasets are used in all quantitative analyses of this study.   
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6. Interview results 
This chapter presents the interview results. It starts out with a general story about the process. The 

main challenges that 3D printing technology poses are its manufacturing capabilities, decentralized 

nature of manufacturing, ease of sharing blueprints, tracing liability, the gap in protection between 

the digital and physical representation of IP, scope of protection, personalization and waste. The first 

paragraph guides the findings and summarizes them.  

6.1. Overview of 3D printing’s impact to the innovation system 
It was possible to conduct all six interviews over Skype. Nearly all formatted questions were 

answered by the interviewees. Twice, an interviewee referred to the paper he or she had written 

about the subject, as a result skipping the question and leaving it open. After the interview, the 

missing information was added to the interview. All interviews were conducted within the set time 

frame of one hour. Appendix 4 presents the transcripts of all interviews in Q&A format. Appendix 5 

compares the findings of all interviews and quantifies the answers where possible. All statements in 

this chapter come from the interviewed experts in this research.  

The results of the interviews are shown in the following Table 8. 3D printing technology gives rise to 

8 different issues. These issues are summarized in the first column. The second column ‘Incumbent 

challenge’, indicates whether the issue concerns incumbent IP holders. The third column elaborates 

on the impact of 3D printing on creativity & innovation. The last four columns tell which type of IP is 

concerned with the issue. A ‘’ indicates that the issue is relevant for the unit of analysis. A ‘’, 

irrelevant. A ‘+’ a positive effect, ‘+/-‘ suggests both positive and negative effects and ‘-‘ a negative 

input. 

Issue Incumbent 
Challenge 

Creativity & 
Innovation 

IP type 

Patents Copyrights Design Rights Trademarks 

Manufacturing 
capabilities 

 + +/-    

Decentralized 
production 

 + +/-    

Easy sharing  +     

Tracing liability  -     

Gap in IP protection  --     

Scope of protection  +/-     

Personalization  ++     

Waste       

Table 8: Summary impact 3D Printing on IPR system 

6.2. Issues concerned with 3D printing 
Now, each issue is discussed in more detail. Each issue starts with a section that explains the 

challenge (for the incumbent when applicable) and after that continues with the implications for 

innovation & creativity. 

Manufacturing capabilities 

3D printing technology enables its user to produce mechanically simple objects. For incumbent IP 

holders it remains unlikely that their patented material is 3D printed because this type of IP often 

concerns complex technological applications. Therefore, the effects on the patent system are 

considered less dire than the effects for the copyright system. 
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In terms of innovation & creativity this means that currently 3D printers are mainly used for toys and 

figurines of music & film companies. Figurines can be easily produced and adjusted, which can lead 

to a wide variety of items. For incumbents there is an opportunity for protection. Distribute marked 

products that make the users aware that a product is protected by an IPR and make proving willful 

infringement more easy. This provides a way for IP holders to get acknowledgement for their 

products. This mechanism provides safeguards them with protection so they are not withheld to 

share their innovations. Which is good for innovation & creativity. For companies, the technology 

mainly serves as a tool to reduce R&D costs. There is often no other choice than to use trial & error 

when it comes to business model innovation, because there is no time to experiment and they 

choose to learn from the failure of other firms instead of performing their own trial & error. 3D 

printing technology lowers the costs for trial & error significantly. New ideas or designs can be tested 

relatively rapid. Furthermore, the technology enables a new way of manufacturing; building up a 

piece from the ground up. Manufactural undercut issues are removed. This helps designers to 

reduce weight and number of components. Especially for firms that operate in the automotive and 

airspace industries this is a perk. They expect that there is great potential for the technology 

concerning the production of simple mechanical replacement parts as well. 

Decentralized production 

3D printing brings manufacturing closer to the user. Compared to traditional means of obtaining 

these objects, manufacturing of 3D printable artifacts will get a decentralized nature. The technology 

provides its user with a tool to manufacture objects anywhere. Without the need for workshops. For 

incumbents this means that it is difficult to keep track of whom is using and producing their IP. This 

leads to a depreciation of their value, because proving infringement will be very difficult. This makes 

it difficult to enforce their IP.  

For innovation & creativity this means that a larger public obtains the ability to manufacture (mainly 

plastic) products without the need for expensive molding machines or even a workshop. This allows 

them to produce physical objects in a way that was not possible before. And thus, when the 

technology is adopted by more people, it enables them to produce original creations that is 

protected by copyright. 

Easy sharing & copying 

The designs of 3D printable objects are mainly created in a digital environment. This allows for easy 

sharing & copying of 3D printable objects. As 3D printing diminishes the distance between the digital 

and physical domain, objects enter the physical domain more easily. There is no monitoring over 

whom is creating/ adjusting the digital files and which items enter this physical world. For 

incumbents this means that it is difficult to prevent usage of their IP.  

Sharing contributes to the decentralized manufacturing and boosts innovation & creativity. Easy 

sharing means that there is a larger pool to obtain the blueprints from for physical objects. A 

blueprint is easily obtained, so more people have access to manufacturing their own designs. This 

increases the potential to create more and a larger variety of products for which the digital designs 

are available. 

Tracing liability 

The combination of decentralized manufacturing and easy sharing leads to difficulty in tracing 

liability. There is no monitoring and control over the production of items. Unsafe items can be 
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printed and can potentially enter the market place. In this process, tracing liability is difficult. 

Different actors can be involved in the process of creation, sharing and using of an item. Hereby it is 

difficult to identify these different actors. For example, one actor designs a Computer Aided Design 

(CAD) file, an intermediary publishes it, a third actor prints it out and causes harm to a fourth. It is 

difficult to find out who is to blame. The liability issue relates mostly to functional designs, because 

they are more likely to cause harm than static designs. Therefore, this issue mostly revolves around 

the area of patents rather than design rights and copyrights.  

Indirectly, this liability issue can stifle innovation & creativity. Inventors do not know whom is 

adjusting and using their items. Fear of being indicted makes inventors reluctant to share, resulting 

in a loss of creative content for society. This issue mostly relates to the branding of products. 

Therefore innovation in & creation of trademarked goods is considered to be mostly affected.  

Gap in IP protection 

There is a gap in IP protection. The digital representation of a patented object is not protected, 

whereas the physical representation of an object can be protected with a patent. This renders the 

digital representation theoretically invaluable, whereas from a commercial point of view, it does 

present a value. 3D printing technology users only need the blueprint and raw materials for 

production. This means that both the CAD file and the printed object are of value. For incumbents 

this means that there is no legal way to gain profits from their rights. The value of selling their 

physical products will decrease, as there is an alternative to produce against the cost of raw 

materials.  

There are two important issues that are related to the gap of protection between then digital and 

physical representation of IP that influence innovation & creativity. Firstly, the copyright system has 

some experience when it comes to digital files. The Digital Millennium Copyright Act (DMCA) 

exempts content sharers from (in)direct liability when they remove copyrighted content after they 

receive a takedown notice.13 However, takedown notices are often sent by actors that claim a 

copyright, whereas it is unclear whether they actually possess the copyright of the claimed material. 

There is no financial incentive to fight the claim, because often the content is shared by 

intermediaries. Companies can abuse the system by sending takedown notices for content (e.g. 

designs for physical objects) that is in fact not protected by (their) copyright, but concerns a different 

type of IP. This issue is known as DMCA abuse14. Patents and trademarks do not know an act like the 

DMCA. Due to the potential boost in production activity caused by 3D printing technology, there is a 

potential for more DMCA abuse. No independent analysis of the material comes to pass, whereas it 

is often doubtful whether the claimant has a copyright on the object. This results in a loss of 

innovative content for society. Secondly, with the development of the technology, the domain of 

patents will likely move closer to the one of copyrights in that it will become much easier to create, 

share and manufacture physical objects. There could be rights on these products. When sharing a 

CAD file of a patented product or process, the indirect infringer is still liable. Whereas there is a good 

chance that he was unaware of the existing patent. A reasonable amount of skill is needed to find 

and access whether a product infringes on a patent. The user might only find out after the fact that 

he had shared the digital representation of a protected object. This issue was inferred several times 

                                                           
13

 In the U.S. infringers of Copyright are protected via the DMCA when they stop sharing the content after 
receiving a takedown notice (U.S. Copyright Office, 1998). 
14

 DMCA abuse is not only related by 3D printing technology but is a known problem for IPR legislation. 
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during the interviews. It is expected that with 3D printers, this issue will develop to larger 

proportions. This development has a negative effect of innovation & creativity because it induces the 

fear of being sued when sharing something. This stifles innovation & creativity.  

Scope of Protection 

Within the IPR system there is an issue that concerns the scope of protection. Too much protection 

stifles innovation in a particular field, whereas too little leaves insufficient room to safeguard the IP. 

3D printing increases the tension on the discussion around the scope of protection. As the 

technology makes it easier for people to print out objects, there is also the potential to print out 

objects that are protected by a patent. However, if a patent concerns a machine that is build up from 

several parts that need to be assembled, the question rises whether or not someone is reasonably 

replacing parts or if he is creating most of the patented machine. 

In terms of innovation & creativity, 3D printing technology enables actors to invent around IP more 

easily. For instance; copyrights cover the exact expression of a creation. The technology provides 

users a tool to reengineer objects and slightly adjust them to prevent infringement easily. However, 

there is the issue that revolves around the qualification for novelty. Should slight adjustments qualify 

for IP? This is a known problem that not just relates to 3D printing. If the bar is too low for qualifying 

for new innovations, this creates barriers and stifles innovative activity in a particular area. 

Personalization 

Personalization of items leads three types of challenges. For one, it leads to the deterioration of 

brands. Mashup products can be created by combining designs and ideas within one design. This can 

then result in items that incumbents do not want to be associated with. Two, as trademarked shapes 

and concepts might be created, there is a concern that these trademarks will become generic and no 

longer oblige to the conditions for trademark registration, because the public will not link the 

specific shape to the trademark owner anymore. Three, the justification for trademark protection. It 

is expected that 3D printers will improve in performance, enabling them to produce equal quality 

items to conventional methods of manufacturing. Consumer protection via trademarks might then 

no longer be needed, as the quality of a self-produced item then is of equal quality as one produced 

by its original producer. The argument to compensate and encourage firms to trade and use 

creativity is expected to stay.  

The art of creation is not restricted to firms and disciplined artists. Via the above mentioned 

personalization, there is a potential to boost creative innovative content of society. It becomes 

easier to combine different designs with each other. On the other hand, the deterioration of brands 

might discourage trademark holders to innovate as they will not get compensation for their 

innovations.  

Waste 

The materials used by machines for consumers are mostly oil-based and in general bad for the 

environment. Next to useful items, a lot of articles will be produced that do not find a use, with 

overproduction as a result. Furthermore, as the technology evolves, more people will adopt the 

technology. This could well lead to a boost in demand for production materials, which are bad for 

the environment to begin with. A comparison is made with the technology of normal printers, after 

which users started to print out paper radically more than was expected. 
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6.3. Summary 
This chapter has presented the results that were found in the interviews. 3D printing technology 

allows for a decentralized manufacturing of mechanically simple products. Currently, the main 

challenges for incumbents revolve around copyrights, trademarks and design rights. Mostly toys and 

figurines can be produced by the public. IP enforcement is difficult because there is no proper 

monitoring of usage. For trademark owners this means that their concepts can become generic and 

products can be used in mashups against their liking. Concerning patents, the main challenges for 

incumbents lie in the gap between the protection of digital and physical objects and the scope of 

protection. For now, CAD files can freely be shared. However, the technology also proves useful for 

firms as it can reduce R&D costs. 

The technology can boost innovation & creativity because of its great potential to bring 

manufacturing of plastics to the user without the need for workshops. They can produce plastic 

items that they could not do before. Blueprints of designs can be easily shared and adjusted and 

personalization will lead to a boost in new combinations of products and items. Inventing around it 

also easier with this technology. However, all of this makes it difficult to trace liability. Furthermore, 

there is no DMCA for patents and trademarks. This could stifle innovation because sharing could 

have consequences. An additional finding is that the technology is expected to lead to much waste.  

Because patented material is not yet produced much by 3D printers, there is no reason to assume 

that the production system is already affected by the challenges to the innovation system. It is too 

soon to believe that the copyright side and the patent side interact with each other. Therefore, it is 

safe to look at the production system with the use of patents. The next chapter elaborates on the 

results of the patent landscaping analyses. 
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7. Patent landscaping results  
This chapter presents the results of the patent landscaping activities that are used to map the 

technological change of 3D printing technology. The chapter starts out with describing the 

technology life cycle and with it the most important assignees found in the field of 3D printing. 

Identification of technological areas proves an interesting case for analysis considering 3D printing’s 

general purpose. Fragmentation of technology field classifications is discussed according to 

informational entropy. After that, the results of the four bibliometric analyses are presented one by 

one with respect to the identified technological areas within 3D printing technology and the 

technological areas that are disrupted by 3D printing. Lastly, the technological evolution of 3D 

printing technology is presented according to the clusters that were found. 

7.1. The technology life cycle of 3D printing technology 
The 3D printing dataset is analyzed with regards to the TLC. As described in the methodology 

section, both the cumulative number of patents families and the number of applicants are of 

interest. Figure 19 depicts the technology S-curve of 3D printing technology. The cumulative number 

of patent families is set out over time. For every year, the number of granted patents is counted and 

added up to the subsequent year. The graph adds up to 4340, which is the total number of patent 

families within the dataset. 

 

Figure 19: The cumulative number of patent families over time of the Castle Island dataset 

Figure 19 shows a spread of patent applications concerning the technology between 1967, the year 

in which Swainson’s patent was filed, and 2012. An S-shape is recognized by following the top of the 

graph. Patenting activity started to really pick up in the 1990s. The strongest inclination is found 

between 1999 and 2009, indicating the strongest growth in patent applications. 

7.1.1. Most important assignees  

Derwent puts in a lot of effort to standardize assignee names by using assignee codes that gather all 

known subsidiaries as well as parent company of a firm under one four-letter code (Thompson 

Reuters, 2015). However, it happens that parts of firms that belong to the same firm get different 

assignee codes assigned. This then results in incorrect patent counts per assignee. Because it is 

impossible to control for the spelling in all the assignee names, these codes were used for a broad 

identification of the assignees of the patent families within both the CI and the External datasets. For 
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the most important assignees, a macro was written in Visual Basic that checks for similar codes that 

could belong to the same company. 

7.1.1.1. 3D printing technology 

Table 9 shows the top 20 of assignees within the 3D printing dataset in accordance with number of 

patent families they own. Column one shows the assignee, two the number of patent families, three 

the share of the total number of patent and four the cumulative share. Together, they make up for 

about 40% of the technology share of patent applications. In total 3126 firms involved within the 3D 

Printing Technology field15. It is possible that more than one firm owns one patent due to R&D 

collaborations. The share of patents was calculated as a dependent of the ratio to the total number 

of patent families within the dataset, because this tells something about the share of the firm as 

related to the number of patents rather than the number of firms. 

Assignee # patent families Share Cumulative share 

MICRON TECHNOLOGY  275 6,34% 6,34% 

3D SYSTEMS 212 4,88% 11,22% 

ALIGN TECHNOLOGY  168 3,87% 15,09% 

STRATASYS 126 2,90% 18,00% 

CIBA SPECIALTY CHEM  85 1,96% 19,95% 

FARNWORTH, W. M.  77 1,77% 21,73% 

BOEING 74 1,71% 23,43% 

SIEMENS  73 1,68% 25,12% 

MASSACHUSETTS INST TECHNOLOGY (MIT) 68 1,57% 26,68% 

3M  67 1,54% 28,23% 

EOS ELECTRO OPTICAL SYSTEMS  60 1,38% 29,61% 

HEWLETT-PACKARD DEV 51 1,18% 30,78% 

INVENTION SCI FUND I 49 1,13% 31,91% 

GENETIC INST MFG TECHNOLOGY  49 1,13% 33,04% 

FORD GLOBAL TECHNOLOGIES  49 1,13% 34,17% 

SEARETE 46 1,06% 35,23% 

WOOD, A. G.  44 1,01% 36,24% 

SILVERMAN, R. W.  42 0,97% 37,21% 

UNIVERSITY TEXAS SYSTEM 42 0,97% 38,18% 

FUJI FILM  41 0,94% 39,12% 

Table 9: Top 20 assignees Castle Island dataset 

The top 4 companies have by far the most 3D printing patents. Together they make up for 18% of 

the technology share in 3D printing. Interesting to see is that Micron Technology is a producer of 

semi-conductors. 3D Systems and Stratasys are 3D Printer manufacturers. Both for consumers and 

business. Align Technology specializes in dental applications. 

                                                           
15

 Stratasys has merged with Objet in 2012 (Businesswire, 2012). Therefore, Objet’s 25 patent families were 
added up to Stratasys’ 101 patent families. 
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7.1.1.2. External dataset 

Table 10 shows the most important assignees within the External dataset together with the number 

of patent families they own. Again, column one describes the assignee, two the number of patent 

families, three the share of the total number of patent and four the cumulative share. Together they 

make up for about 21% of all patent families within the External dataset. This comes down to 25 

assignees. In total, there are 11337 different applicants within the External dataset.  

Assignee # patent families Share Cumulative share 

MICRON TECHNOLOGY 556 2,21% 2,21% 

3M  418 1,66% 3,87% 

FUJI FILM 384 1,53% 5,40% 

SIEMENS 372 1,48% 6,88% 

SEMICONDUCTOR ENERGY LAB  346 1,38% 8,25% 

GENERAL ELECTRIC  282 1,12% 9,38% 

INT BUSINESS MACHINES (IBM)  207 0,82% 10,20% 

BOSTON SCI SCIMED  207 0,82% 11,02% 

SAMSUNG  192 0,76% 11,78% 

CHEN, J.  182 0,72% 12,51% 

ABBOTT CARDIOVASCULAR SYSTEMS  178 0,71% 13,22% 

SMITH INT 175 0,70% 13,91% 

ELECTRONIC DATA SYSTEMS  175 0,70% 14,61% 

DEPUY 169 0,67% 15,28% 

WANG, H.  157 0,62% 15,90% 

MEDTRONIC MINIMED  147 0,58% 16,49% 

XEROX 140 0,56% 17,05% 

MATEJCZYK, D. E.  139 0,55% 17,60% 

BAKER HUGHES  139 0,55% 18,15% 

BOEING 138 0,55% 18,70% 

HALLIBURTON ENERGY SERVICES  134 0,53% 19,23% 

SEIKO EPSON 130 0,52% 19,75% 

BASF COATINGS  128 0,51% 20,26% 

PHILIPS 123 0,49% 20,75% 

FRAUNHOFER 120 0,48% 21,22% 

Table 10: Top 27 assignees within the External dataset 

The External dataset shows a less clear distinction in top assignees. Micron Technology is the 

number one assignee in the External dataset. Closely followed by 3M, Fuji Film, Siemens, 

Semiconductor Energy Lab, General Electric and IBM. 

7.2. Identification of technological areas 
All analyses described in the research methodology chapter were performed. Not all of them prove 

useful due to the high fragmentation of IPC codes. In this paragraph, the information entropy is 

calculated as a measure for this fragmentation of technology fields. After that, the results of the 

modularity clustering algorithm are discussed. 
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7.2.1. Fragmented technology fields 

Four methods were used to identify the technological areas of 3D printing, the technological areas 

that are disrupted by 3D printing technology and identify the underlying technological evolution of 

3D printing. Per method, different results were found. The methods differ in areas that were 

identified, potential for in-depth analysis & interpretation and the size of these areas. To determine 

which method is best suited for the analysis of an emerging GPT technology, the results of the 

methods are compared.  

Entropy of technology fields 

Information theory provides a generalized measure for the complexity of data through the concept 

of Entropy (Carter, 2011). The Entropy can be used to provide a comparable measure for the amount 

of variation in data. It determines the weighted average of all possible observations through:  

𝐻(𝑃) = ∑ 𝑝𝑖 ∗ log2(
1

𝑝𝑖
)

𝑛

𝑖=1

 

0 ≤ 𝐻(𝑃) ≤ log2(𝑛) 

With  𝐻(𝑃) = 𝑒𝑛𝑡𝑟𝑜𝑝𝑦 𝑜𝑓 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑃 

𝑃 = {𝑝1, 𝑝2, … , 𝑝𝑛} 

𝑝𝑖 = 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡 𝑎𝑛 𝑒𝑣𝑒𝑛𝑡 𝑖𝑠 𝑜𝑐𝑐𝑢𝑟𝑟𝑖𝑛𝑔 

𝑛 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠 

The formula above indicates that entropy 𝐻(𝑃) = 0 when one 𝑝𝑖 = 1 and all others all 0, indicating 

low diversity in the data and thus high predictability. The maximum of the entropy function is equal 

to the logarithm of the total number of occurrences; 𝐻(𝑃) = log2(𝑛). This means that entropy is 

highest when all events have equal probabilities of 
1

𝑛
. When data contains many equal shares, this 

means that it contains much ‘information’ or ‘uncertainty’ about the expected outcome. A reduction 

in entropy means a reduction in uncertainty about this outcome (Shannon, 1948).  

Frenken and Nuvolari (2003) have demonstrated that the entropy as a measure of diversification can 

be used on patent data to analyze the variety in research and innovative efforts at different 

disciplinary, organizational or geographical units of analysis. As the patents used in all methods 

contain information about the technological fields in which the knowledge can be used, the 

classification codes are useful to provide a measure for the variety of technology areas in the data. 

As a measure for the amount of variety in technological areas, it is interesting to investigate the 

extent to which the patent data contains IPCs that have equal probabilities for occurring. The 

equivalent number of entities with equal shares is equal to 2𝐻(𝑃). This then tells something about 

the variety of technological areas in the data.  

The following Table 11 shows the results of the Entropy calculations considering the sole IPC codes 

for both the 3D printing and the External datasets. In the first column, the different levels of the IPC 

codes are shown that were used in the analyses. The second and fourth column describe the number 

of possible IPC codes ‘n’. The third and fifth column present the equivalent number of IPC codes with 
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equal shares. As a way for comparing the changes across IPC levels, the change in ratio between the 

number of possible IPCs and the number of IPCs with equal share is given in column four and seven. 

Entropy 3D printing dataset External dataset 

 n # IPCs with equal 
share 

n/# n # IPCs with equal 
share 

n/# 

Entire IPC 7008 2288,22 33% 19208 4731,53 25% 

IPC part I 2100 453,43 22% 4247 576,63 14% 

IPC part II 399 80,57 20% 569 94,35 17% 

Table 11: Entropy calculations based on IPC codes within both datasets 

Table 11 shows that when we zoom out from looking at the entire IPC codes to less specific codes, 

the number of IPCs goes down as well as the number of IPCs with equal shares. Still, the number of 

IPCs with equal shares remains moderately high in the 3D printing dataset. This indicates that while 

leaving the groups, subgroups and classes, the technology fields of the patents in the datasets are 

still diverse. Assessment of the technology fields in the External dataset indicate slightly less variety 

of technology fields than within the 3D printing dataset. The technology encompassed in these 

patents, can be applied within many technology fields. This indicates a large difference in technology 

fields ranging from section, sub-section, class, sub-class and group. 

The following Table 12 presents the entropy calculations for the top five clusters for both the 

spectral clustering and modularity clustering method. A distinction is made between the 3D printing 

dataset and the External dataset. Because the modularity clustering was performed on the entire set 

rather than only the External dataset, the eighth and ninth column refer to both datasets combined. 

Again a measure for comparison among clusters is given in column four, seven, ten and thirteen.  

# Spectral clustering Modularity clustering 

 3D External 3D All patent families 

 n # IPCs with 
equal shares 

n/# n # IPCs with 
equal shares 

n/# N # IPCs with 
equal shares 

n/# n # IPCs with 
equal shares 

n/# 

1 126 89,25 71% 1215 258,71 21% 359 100,76 28% 924 163,23 18% 

2 18 13,06 73% 580 207,34 36% 723 312,69 43% 611 106,74 17% 

3 16 15,09 94% 291 103,21 35% 383 126,42 33%    

4 127 69,65 55% 286 136,84 48% 178 72,56 41%    

5 57 42,57 75% 138 102,18 74% 490 330,26 67%    

Table 12: Entropy values of clusters from co-occurrence and network clustering methods 

Table 12 shows a variety in the number of equal IPC shares in relation to the number of IPCs in the 

clusters. In general a large variety in assigned IPCs is found. The clusters generated with the spectral 

clustering method present a high number of IPCs with equal shares in relation to the number 

different IPCs. The most variety in technology fields is found in the 3D printing clusters. Assessing the 

modularity clustering, the ratio n/# is still moderate. The clusters generated by taking all patent 

families of both datasets into account, reveals the lowest number of equal IPC shares in relation to 

the possible number of IPCs. This indicates some kind of technological relatedness among the 

patents in both datasets, as the clusters created based on a combination of datasets shows the 

lowest amount of equal IPC shares. This is interesting because, the network approach of the 

modularity clustering proves more useful for the identification of technological areas, as we will see 

in the next paragraph. These clusters seem more technologically related than the spectral clustering 

method. The results of the spectral clustering method leave much room for interpretation. They did 
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not prove useful for a clear distinction in common denominators among the patents in a cluster 

based on word count analysis of the patent abstracts.  

Cluster sizes 

Another important aspect in the comparison of the methods is found in the size of the clusters. The 

cumulative size provides a measure for the amount of data that is explained by the top 10 clusters 

combined.  

Spectral clustering Cumulative size Modularity clustering Cumulative size 

3D printing 6,71 3D printing 34,82 

External 2,69 All to 3D printing 8,17 

  All patent families 27,09 

Table 13: Cumulative size of clustering methods 

Table 13 shows that in general, the size of the clusters generated with the spectral clustering 

method are very small. Assessing the spectral clustering analysis, 6,71% of the 3D printing dataset 

and 2,69% of the External dataset is explained with the top 10 clusters. The modularity clustering 

method places 34,82% of the number of patent families in the top 10 of clusters. While looking at 

the citation relations between the 3D printing dataset and the External dataset, 8,17% of the data 

clusters together. When considering all patent families together, 27,09% of the data is put into a 

cluster. More data is explained with the clustering method based on the citation network.  

Analysis 3: Occurrence analysis 

The assessment of the single IPC codes provides useful for a crude look at the data. At the different 

levels of analysis, the method provides a superficial representation of the areas in which 3D printing 

is active and the potential areas that are disrupted. Appendix 6 elaborates on these findings and 

summarizes the most important IPC codes. The top 10 IPCs are found in 67,6% of the patent families. 

However, by analyzing the single technology fields it is not possible to gain an in-depth view of what 

is actually going on. Main areas within 3D printing technology are ‘plastic shaping techniques’, 

‘dental tools’, ‘digital design files’, ‘metallic powder manufacture’, ‘polymerization’ and the 

‘manufacture and treatment of semi-conductors’. At the surface, these areas relate to the FDM, LPF, 

SLA and LS technologies that were described in the technology review. The technological areas in the 

External dataset relate to ‘plastic shaping techniques’, ‘manufacturing of semi-conductors’, ‘photo-

sensitive materials and processes’, ‘materials for prostheses’ and ’machines for photomechanical 

exposure’. The top 10 of IPCs appears in 31,5% of the patent families. 

Analysis 4: Co-occurrence analysis 

The co-occurrence clustering analysis clusters closely related technology fields together. This aides 

with identifying a more specific common denominator among the patents within the cluster. 

Although the co-occurrence method provides a somewhat deeper understanding of the 

technological areas that are disrupted, it remains difficult to identify the common denominator of a 

cluster based on word count analysis of the abstracts. Furthermore, the word count analysis could 

not aid in understanding why closely related families cluster together in different clusters with more 

or less the same common denominator. 

Performing the analyses on different IPC levels has led to different cluster combinations. At a less 

specific level, the topics of the clusters become less clear. Compared to the occurrence analysis 4, 

there is a big overlap in technological areas. However, the co-occurrence clustering provides a more 
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specific view of the technology fields that are in the datasets. An in-depth analysis of the 

technological areas that were identified at the different levels of IPCs can be found in appendix 7. In 

general, the clusters consist of very few patents. The main technological areas within the 3D printing 

technology are ‘Bone implants’, ‘dental applications’, ‘SLA methods & materials’ and ‘LS’. However, 

the method does not show any clear groups that separate the individual technologies clearly. The 

technological areas that were found with the clustering analysis on the External dataset are 

‘lithography’, ‘materials for polymerization’, ‘micro-fluidics’, ‘prostheses’ and ‘tissue/implants for 

regeneration purposes’.  

The categorization of the clusters has shown that there are many clusters in the both datasets that 

contain the combination of different technology sections. This means that the clusters that were 

formed in the 3D printing dataset are combining different technological disciplines and are less likely 

to combine IPCs that differ in technology classes or groups. This indicates variety of technological 

areas. Apparently, 3D printing technology has a considerable amount of distinct uses within different 

disciplines.  When assessing the same phenomenon in the External dataset, the many combinations 

of different technological disciplines indicate a variety of dependent industries.  

The clustering analyses revealed some 3D printing patents in the External dataset. However, none of 

the clusters could pinpoint entire groups of these patent families, and by doing so, serve as a data 

filter. It is not possible to separate the 3D printing families from the External data by solely using the 

clusters. 

The clustering method has resulted in some useful queries for patent searches related to 3D printing 

technology based on IPC combinations. With these clusters, patents concerning the topics of ‘LS’, 

‘SLA’, ‘3D image recording’ and ‘general 3D printer methods’ can be found. The combinations and 

their meaning can be found in appendix 8.  

Analysis 5: Patent network analysis 

A citation matrix was created on the basis of the 50 most frequent occurring technology fields within 

both datasets. using the citation links between the 3D printing technology dataset and the External 

dataset, a count was made of how many times a single IPC was cited by every other IPC. A lot of 

diversity was found among the technology field relationships. The IPC classifying ‘Plastic shaping 

techniques not covered by conventional groups’ is cited the most with 8% of the times. The most 

citing technology fields concern ‘lithographic materials & production devices’, ‘plastic sintering 

machines’ and ‘compounds that polymerize by (UV) light’. Most cited are ‘thermo-plastic 

manufacturing’, ‘treatment and materials for (stereo)lithography’ and ‘digital computing’. These 

findings suggest some patents in the External dataset concerning lithographic materials & 

production devices like semi-conductors uses knowledge of that is also used in 3D printing 

technology. Appendix 9 elaborates on the citational relationships between the IPCs in the datasets 

and summarizes them in a table. 

many different technology fields build upon a broad range of different technology fields. 

Analysis 6: Network clustering analysis 

The modularity clustering method enables for clear technological areas, despite the high variety in 

IPC codes. The word count analyses performed on the abstracts provide a clear indicator of the 



64 
 

common denominator among the patents within the top 10 clusters. The clustering algorithm places 

related patents closer to each other than non-related ones.  

3D printing dataset 

Out of 4340 patent families in the 3D printing technology dataset, 3058 have clustered into 50 

different clusters. Figure 20 visualizes the clusters. The distance between nodes signals the 

technological relatedness of the clusters.  

 

Figure 20: Visualization of generated clusters within the 3D printing dataset 

The red and yellow clusters are distinctly placed alone. In the middle of the picture a big mess of 

clusters can be found. This indicates a huge technological relatedness across the clusters that are 

part of the mess. Table 14 elaborates on the content of the clusters. The cluster color refers to the 

color in the figure used as a reference for the cluster. The topic tells something about the main 

denominator found across in the patents in the cluster. This is based on a keyword analysis of the 

patent abstracts. The size is used as an indicator for the amount of data that is explained. The 

percentage relates to the number of patent families in the cluster as opposed to the total number of 

patent families within the dataset.  

Cluster Color Topic Size 

1 Red Orthodontics 7,58% 

2 Blue (above) Stereo-lithography 3,92% 

3 Light green Laser sintering 3,64% 

4 Yellow Semi-conductor packaging 3,59% 

5 Grey Human tissue & drug delivery 3,16% 

6 Purple Stereo lithography 2,83% 

7 Aquamarine (right) FDM & Inkjet 2,74% 

8 Light blue (left) Laser sintering 2,67% 

9 Green/brown (near red) Surgical tools & implants 2,47% 

10 Light purple (near purple) Photopolymers 2,21% 

Total   34,82% 

Table 14: Explanation of generated VOS clusters 
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The first 10 clusters explain about 35% of the data. The 1st cluster concerns orthodontic applications. 

These patents relate to the scanning, designing and creating artificial teeth and jaws and 

applications for attaching them by means of 3D printing. Clear clusters that concern the individual 

principle technologies within 3D printing were found. The 2nd and 6th cluster relate to stereo-

lithographic methods and applications, the 3rd and 8th cluster relate to the laser sintering method 

and the 7th cluster represents a combination of FDM and Inkjet technology. Other interesting 

clusters concern cluster 4; semi-conductor packaging, cluster 5; human tissue & delivery cluster 9; 

surgical tools & implants and cluster 10; (organic) photo-polymers. Like the areas that were 

identified with the co-occurrence analysis, stereo-lithography & laser sintering are found close 

together in Figure 20. The visualization shows that SLA is also closely related to photopolymers. 

Orthodontics is placed close to surgical tools & implants. Semi-conductor packaging is quite far away 

from the mass in the center of the figure. Appendix 10 provides an in-depth analysis of the patent 

families found within each cluster and their use, meaning and when interesting the most important 

assignees.  

The IPC occurrence and co-occurrence analyses performed in this research have surfaced some 

evidence that there is a potential for the technology to develop towards semi-conductor 

manufacturing applications. The modularity clustering cleared up that it concerns semi-conductor 

packaging. The materials used for stereo-lithography are usable in several different industries like 

manufacturing of semi-conductors, Solid State Drives and LCD screens. However, the analyses 

performed in this research give no indication of 3D printers being able to produce semi-conductors. 

There is still a big difference in scale between objects produced with SLA and the nano-technology 

needed for the manufacture of semi-conductors. 

Clustering among all patent families   

Looking at the complete dataset will provide information about the precision and recall of the 3D 

printing dataset. Therefore, the modularity algorithm was performed on the entire dataset. 166 

clusters were found. Together they contain 90,4% of the patent families in the dataset. Table 15 

explains the top 10 of clusters that accounts for 27% of the total patent data.  

Cluster Topic Size % of cluster found in 
3D printing dataset 

1 Orthodontics 4,57% 22,6% 

2 Implants & Prostheses 3,03% 4,3% 

3 Preparation implants & prostheses 2,90% 8,6% 

4 SLA, LS, 3DP & creating molds 2,88% 28,6% 

5 Micro-Fluidics 2,65% 5,2% 

6 Photosensitive compositions 2,57% 10,6% 

7 Semi-conductor packaging 2,22% 19,8% 

8 Endo-prostheses 2,22% 6,7% 

9 Stereo Lithography 2,06% 36,5% 

10 Metal treatment 1,98% 21,1% 

Total  27,09%  

Table 15: Top 10 generated clusters based on all citation relations 

Interesting to see is that some clusters are technologically related. However many patents within the 

cluster come from the 3D printing dataset. Within the field of orthodontics and implants & 

prostheses, both materials for manufacturing as the methods and products themselves were found. 

Patent families for converting physical objects to CAD files were found. 3D printing proves especially 
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useful, because it enables the digital recording of shapes for well-adjusted customization purposes. 

More specifically, dental, bone and tissue applications were found. But also, the manufacture of 

specific structures useable for stents, grafts and tissue can be done with 3D Printing. Within the 

cluster for human tissue engineering & drug delivery systems, many patent families were found that 

highlight the technology’s ability to create specific structures that can be used for attachment to 

bone or skin for regeneration purposes. The ability to create customized structures also seems 

usable within the semi-conductor industry and the production of surgical tools. The production 

method of 3D printing is used for creating protective packaging of semi-conductors. This enables for 

clean & safe combining of semi-conductors via channel within the closed structure during the 

production process. Concerning the surgical tools, highly customized items can be created. Micro-

Fluidics relates to devices that use micro-scale channel network systems that are used for the 

analysis of (bio)chemical analysis, synthesis or detection. Appendix 10 elaborates in-depth on the 

patents within all the clusters.  

Technological evolution 

Based on the modularity clustering method, the technological evolution of the clusters can be 

mapped. A separation of the clusters was made based on whether the patent families belong to the 

either the 3D printing dataset or the External dataset. By taking only the citations between the 

datasets into account, it is possible to identify the most important technological parents of the 

clusters in the External dataset. Table 16 presents the technological evolution of the clusters from 

3D printing to External dataset. In total, 355 clusters were found. 

 Dataset Cluster size 

Cluster 3D printing technology External 3D dataset External dataset Total 

1 Methods for adjusting/deriving 
digital models of teeth 

Producing (digital) models & scanning 
for assisting dental surgery 

96 210 
1,04% 

2  Thin film transistors 0 280 0,95% 

3 Producing models from digital 
representations of ear-shapes 

Customized hearing aids, in ear head 
phones & hearing protection earplugs 

56 215 
0,92% 

4  Manufacturing Light emitting devices 1 262 0,89% 

5 Machines & attributes for SLA, 
3DP, Inkjet, FDM & LS technology 

Machines & attributes for SLA, 3DP, 
Inkjet, FDM & LS technology 

88 164 
0,85% 

6  Healthcare treatment tools 1 234 0,80% 

7 Molds for die casting, coatings, 
3DP & sheet metal production 

Coating methods & producing molds 49 154 
0,69% 

8 Digital modeling & devices to 
produce brackets and their tools 

Preparing, producing brackets & 
appliances 

52 149 
0,68% 

9  Display devices 3 197 0,68% 

10 (Metal) Inkjet technology Micro fluidics: micro deposition of 
droplets 

22 177 
0,67% 

     8,17% 

Table 16: A dataset comparison of the top 10 generated clusters 

The top 10 of clusters accounts for 8,17% of the data. Assessment of cluster 1 and 3 shows that 

there is a big overlap in the datasets. They consist of both 3D printing data and External data. 

However, there is a clear difference between the patents within the clusters. The 3D printing patents 

represent deriving digital models, whereas the External patents are focus more on the application of 

the technology. Cluster 2 shows that thin film transistors (TFT) are found solely in the External 

dataset. Cluster 4, 6 and 9 show distinctive External clusters. Respectively they represent patents 

concerning the manufacture of light emitting devices (LED), healthcare treatment tools and display 

devices. Within clusters 5 and 7 no clear difference between the datasets was found. This indicates 
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that the patents of this cluster found in the External dataset, should have been in the 3D printing 

dataset. Cluster 5 indicates patent families that revolve around SLA, 3DP, Inkjet, FDM and LS 

technology and cluster 7 describes molding processes that could be done with 3D printing. cluster 8 

describes digital modeling for dental applications. The patents of cluster 8 from the External dataset 

show a focus on the usage of this technology. Cluster 10 shows a nice link between inkjet technology 

and micro-fluidics in the External dataset.  

Some clusters show clear parent technologies. For the mapping of the technological evolution, it is 

useful to have a look at the parents of some of the clusters described above. Table 17 presents that 

parent patents that were found with the clustering method. The cluster numbers in column one 

correspond with the cluster numbers of Table 16. Column two describes the patent family numbers, 

column three the patent topic and four the priority date of the patent family in years.  

Cluster Patent family number Topic Year 

4 1999494140 Ink jet printing fabrication of organic semiconductor devices 1998 

6 2001061662 New devices for transport of a material across a biological barrier 
comprising a substrate to which hollow micro-needles are attached, 
and a chamber for delivery or collection of a material 

1998 

9 1999232160 Method of forming resistor, capacitor, inductor or complete LCR circuit 
on surface 

1997 

2009B31288 Depositing phosphor pattern on an article using direct-write tool, 
involves providing particulate suspension of the phosphor particles has 
specific viscosity; and depositing particulate suspension on article 
using a direct-write tool 

1997 

2013E15814 Method for manufacturing wire structure for use in e.g. wireless 
power system, involves forming insulators that are positioned 
between conductors so that wire structure prorogates electrical signal 
through skin depth of conductor 

2011 

Table 17: Patent family parents of External clusters 

Table 17 shows that for some technological areas found with the clustering method, there are some 

clear parent technologies. Assessing cluster 4, inkjet printing technology of organic material can be 

placed in contact with the manufacture of LED. The healthcare treatment tools cluster builds upon a 

single patent family that concerns a transport & delivery device that can be 3D printed. Cluster 9, 

which concerns patents about display devices builds upon three parent patents. All patents that 

concern items that can be produced by 3D printers and can be placed on circuit boards.  

7.3. Summary 
This chapter has presented the results from the patent landscaping exercises proposed in chapter 

four. The technology life cycle of 3D printing technology suggests that developments finds itself in an 

early state of maturity. The IPC classifications that represent the technology fields are very 

fragmented. This indicates broad variety of application areas. Due to the high fragmentation of 

technology fields, it is not possible to pinpoint the individual principle technologies of 3D printing. 
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Network clustering proves best in identifying the technological areas of 3D printing and the areas of 

disruption, despite the high variety in technology field classifications. The main areas which are 

affected by 3D printing are; orthodontics, implants & (endo-)prostheses applications, micro-fluidics 

and semi-conductor packaging. There is some evidence that thin filter transistors (TFT) and light 

emitting devices (LED) use knowledge that is captured in 3D printing patents. These areas could be 

disrupted in time. Considering the technological evolution of 3D printing, the TFT and LED build on 

inkjet technology, healthcare treatment tools build upon a 3D printable micro-fluidics device.  



69 
 

8. Conclusion 
Although the first innovations were made in the sixties and seventies, 3D printing technology only 

started to receive a lot of attention in the media in recent years. Many people consider the 

technology to be in its emerging stage and fear the potential problems it might cause for current 

innovation and production systems. Therefore this research was divided into two research 

questions: 

RQ1: What are the challenges brought by 3D printing for existing IPR systems? 

RQ2: What is the potential impact of 3D printing on existing production systems? 

The potential challenges and benefits for the IPR system were explored and a patent landscape was 

created to map 3D printing technology. This chapter provides answers to RQ1 and RQ2 at the end of 

this chapter by first answering their sub-questions that were formulated in chapter two.  

8.1. Answers to the sub-questions 

Sub-Q1: What are the challenges of 3D printing technology for incumbents? 

The challenges that 3D printing technology poses for incumbents differ according to the type of IP 

the incumbent holds. 3D printing enables its user to create mechanically simple objects. Patents 

often concern technologically complex designs. Therefore, the challenges mostly relate to 

incumbents whom own copyright, design right or trademarks. One of the main issues for all types of 

IP holders is that the decentralized manufacturing & easy sharing make it difficult to monitor, stop 

and prove infringing activity. Due to the manufacturing capabilities of the technology, currently 

these issues relate mostly to copyright and design right holders.  

Because only a digital design and raw material is needed for manufacturing, the digital 

representation of artifacts represent commercial value. However, the digital representation of 

patents is not protected. For patent holders this means that there is no legal route to obtain profit 

from their rights. Also, a user can build up a patented machine by printing out its individual 

components. Next to that, designs can be adjusted by anyone. Tracing liability can prove difficult 

when something goes wrong with the printed design. People can hold the IP holder responsible for 

failure of the design. However, as only patented material provides protection for a functional design, 

these two issues will gain more in importance when it is more likely that patented material is printed 

frequently.  

For trademark holders personalization of items leads to two big challenges. Firstly, items could be 

produced by mashing up two or more (trademarked) designs. This can result in products that give 

the indication that they are designed by the trademark holder, whereas in fact this does not have to 

be the case. From the trademark holder’s perspective maybe even undesirable products to which 

the actor is linked. This can result in a deterioration of the brand. Secondly, the technology provides 

an accessible way of manufacturing. When trademarked concepts are printed, they could become 

generic and loose its legitimacy. 
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Sub-Q2: What are the potential positive effects of 3D printing technology on creativity & 

innovation? 

The technology provides the user with a tool to create a new type of creative artifacts. Many people 

whom did not have the ability to express their creativity in the form of physical designs before, can 

now do so with a 3D printer at home. Reducing the bridge between idea generation and physical 

manufacturing. The technology enables the user to create a wide variety of items that 

conventionally was only possible in business practice. In terms of creativity and innovation, this is an 

important change in the possibility to express creativity in the physical world. 

The user is able to create relatively difficult shapes and structures that are not or hardly possible 

with conventional techniques. The creator has more freedom in creative expression because 

undercut issues are removed. Many objects that could not be manufactured or were very expensive 

to manufacture can now be produced for relatively low marginal cost. One can think of medical and 

dental applications that require highly customized shapes and producing assemblies with fewer 

components for less weight and lower maintenance costs. 

It is not a new feature that digital files can be shared. 3D printing links the sharing and copying of 

CAD files to their manufacture. A larger public obtains the ability to manufacture (mainly plastic) 

products without the need for expensive machines. For instance; toys and figurines can be produced 

according to own design. Next to that, inventing around will become much easier than before as it is 

relatively simple to adjust a design. This allows for much creative content that is not protected by 

copyright. The same characteristic of the technology enables for personalization of articles. In terms 

of creativity and innovation, the ability for personalization of existing material leaves much room for 

creators to express their own ideas. On the other hand, incumbents can implement their logos in 

designs to create awareness and tag legitimate designs to prove willful infringement more easily. 

Despite these positive effects, this study also found effects related to 3D printing that can stifle 

innovation. The gap in the protection between the digital and physical representation of patents 

leads to two issues. Firstly, People with little technical knowledge can create and share their own 

functional designs. Innovators could refrain from sharing their designs out of fear for liability issues. 

Secondly, There is no DMCA for non-copyrighted material. (in)direct patent infringers are therefore 

liable. Infringers could be traced down and prosecuted by IP holders. A considerable amount of 

specialized knowledge is needed for identifying prior art. Innovators without the capability to 

perform such a search might be reluctant to share their content. Which results in a loss of innovative 

content for society. However, this is more viable for the near future as it is unlikely that a mass of 

functional artifacts are produced.  

Sub-Q3: Do the challenges posed to the innovation system affect the production system? 

Overall, the area of copyrights in relation to CAD files is known. Patents often concern complex 

objects, which are not yet really relevant for 3D printing. In time, 3D printing might definitely disturb 

traditional distribution channels/infrastructure. Especially the decentralized manufacturing and easy 

sharing & copying contribute to these effects. However, currently the experts find that most issues 

concern the copyright system. In terms of the patent system there are not many extraordinary 

things going on, because at the moment the technology is restricted to printing mechanically simple 

items. There are no significant interdependencies between the innovation and production system 

caused by 3D printing technology. Therefore, it is safe to assess the impact of the technology by 
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taking into account two dimensions. One in terms of the challenges to the IPR system. The second in 

terms of disruption. The latter may be analyzed by means of the usual bibliometric methods.  

Sub-Q4: To what extent does the technology show improvement? 

Patent information was used to investigate the technology’s life cycle and relationships between 

technology fields were mapped. Although it is often assumed that the technology is in a phase of 

emergence, analysis of the development of the technology suggests the opposite. Since its invention 

in 1967, there was only little interest in the technology until the invention of stereo-lithography in 

1985. After that year, a clear grow in patent applications was found between 1986 and 2013. The 

technology life cycle suggests that the technology finds itself within a period of growth and it even 

shows a decline in patent applications from 2008 until now. The data indicates that there are many 

different firms active in research & development of the technology. However, only a few firms make 

up for the majority share of patent families. Nearly 20% of all patents belong to only 4 companies. 

This indicates that indeed there are only few firms that have developed further into the technology 

by specializing in it. This combination of the slight decline in patenting applications and the few 

companies that specialize, indicate that the technology finds itself in its early state of maturity.  

The technology shows great potential for improvement. The co-occurrence analysis has shown that 

the technological areas in which 3D printing is active and the disrupted areas that were identified 

often concern the combination of technology sections of the IPC classifications. This indicates that 

the patents within these clusters consist of a combination of several technology fields. Also, some 

indicators were found the highlight the developments within stereo-lithography. The acquired 

resolution of the printers increases as many patents concern more accurate technology. The 

literature survey on the technology’s potential has shown that some technologies that are 

considered 3D printing technologies have become rather cheap and that they are available for 

consumers. As the performance of the technology increases, its capabilities equal (and in some 

aspects surpass) conventional manufacturing techniques in terms of performance. Characteristics of 

the technology indicate that there is great potential for large scale consumer usage. Furthermore, 

answers to the interviews have demonstrated that when users start to use the technology, they will 

be able to create a broad range of different products on site. The patent network analysis of the 

technology fields show that many different technology fields build upon a broad range of different 

technology fields. The citational relationships among technology fields are very diverse which 

indicates that the technology finds use in many different industries. 

Sub-Q5: Which technological areas or industries are affected by the technology’s 

development? 

Results from the interviews suggest that 3D printing can be used in aerospace, automotive and toys 

industry. All interviewees stretch that the areas in which the technology can be used mostly concern 

simple mechanical object manufacture. The quantitative analyses underpin these findings. Airplane 

and car manufacturers were found among the top assignees within laser sintering and spray-forming 

technology.  

Several methods for the analysis of the technological areas were performed for this study. With the 

technology, the user is able to record and create complex shapes. This enables for highly customized 

structures that cannot be produced with conventional techniques. The areas in which 3D printing 

technology can be used concern orthodontics, implants & prostheses, human tissue engineering & 
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drug delivery systems, semi-conductor packaging, surgical tools and micro-fluidics. Many (organic) 

polymers and some metal compositions can be 3D printed by using the various 3D printing 

technology methods. However, the printers are limited to few materials at a time.  

Considering disruption, the most interesting seem to be plastics & metals via either stereo-

lithography or laser sintering. Industries that are threatened by 3D printing are the treatment & 

manufacturing methods of implants like jaws, teeth, (endo-)prostheses and drug delivery devices. 

Semi-conductors cannot be produced with 3D printing technology because of the limited accuracy of 

the technology. However, clusters in the External dataset indicate resists that can be used in 

lithography. This indicates that there is potential for lithographic materials to be used in SLA. For 

now, the 3D printing technology does provide useful within the industry for manufacturing 

protective layers around semi-conductors. Also components of printing plates can be manufactured 

using a 3D printer.  

Sub-Q6: Is 3D printing technology a general purpose technology? 

3D printing technology shows great scope of improvement as it is in its early state of maturity. 

Within the 3D printing dataset, about 7000 different IPC classes were found. This highlights the 

highly fragmented distribution of technology fields. This indicates that the technology finds useful 

application in many different areas. 3D printing enables more actors that are not necessarily firms to 

participate in creating physical products. It brings manufacturing closer to the public. In this sense, 

the technology provides the user a tool to create and invent. These findings indicate that 3D printing 

satisfies the conditions for being characterized as a GPT.  

8.2. Answers to the main research questions 

RQ1: What are the challenges brought by 3D printing for existing IPR systems? 

It is important for legislation to act on the basis of evidence. Not react upon future scenarios. It is 

not possible to print out a smart phone with the push of a button. And still a reasonable amount of 

skill is needed to operate a 3D printer. Therefore, one needs to put the technology’s potential 

enforcement issues into perspective. The need for monopoly will not disappear. At the moment, 

mostly simple mechanical plastic and metal items can be made with 3D printing. The developments 

of the technology with respect to the IPR system mostly remain within the boundaries of the 

copyright system. This does not include patent intensive industries.  

However, with 3D printing, the art of creation is not restricted to firms and disciplined artists. Users 

are enabled a new way of manufacturing, that can potentially produce a great flow of creative 

content towards society. For incumbents this means that the most real challenges are found in 

maintenance of their trademarks to prevent concepts from becoming generic and prevent the 

dilution of brands. Furthermore, the technology, provides the user with a tool to easily invent 

around. Copyrights protect the exact expression of a creation. However, with 3D printing designs are 

easily adjusted.  

For the patent system there are not many extraordinary things going on. According to the experts, it 

is just business as usual. There are no significant interdependencies between the copyright and 

patent system that relate to 3D printing. It is too soon to believe that the copyright side and the 

patent side interact with each other. There is no reason to assume that the mechanisms we use to 

stimulate innovation have been affected negatively because of the technology. Therefore, it is safe 
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to assess the impact of the technology by taking into account two dimensions. The first in terms of 

the challenges to the IPR system. The second in terms of disruption. The latter may be analyzed by 

the usual means of patent landscaping activities. 

When 3D printing technology reaches an advanced state in which mechanically complex artefacts 

can be manufactured, it will intensify the discussion about the patent scope of protection. Currently, 

a gap exists between the digital and physical representation of patented material, rendering it 

theoretically invaluable whereas it then does present a value for the IP holder. This gap needs to be 

closed, because if the problem is not addressed, the issue might stifle innovation. There is still time 

for experts and legislators to discuss the topic. Perhaps there are other challenges, but these were 

not explored or discussed within the context of this study.  

RQ2: What is the potential impact of 3D printing technology on existing production 

systems? 

3D printing technology has the characteristics of a general purpose technology. Analysis of the 

technology life cycle shows that there is still room for improvement. Many firms have invested in the 

development of the technology and a few continue to grow. The wide range of technology fields 

make it difficult to create a patent landscape for the technology based on normal bibliometric 

methods. However, despite the high variety of IPC classes patent landscaping based on the citation 

network of the technology proves most insightful. Compared to the other quantitative methods 

proposed in this study, modularity clustering is provides the best way for the analysis of such a 

technology. 

The technology provides a good manufacturing alternative that can find usage in a broad variety of 

industries. The areas in which 3D printing can be used mostly concern businesses. It provides a tool 

for a new type of artifact creation that enables structures and customized objects that are not 

possible to achieve by means of conventional technologies. The consumer side of the technology 

usage revolves around the manufacturing of simple plastic artifacts. Therefore, a huge impact on 

existing logistics & distribution systems seem unlikely in the near future.  
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9. Discussion 
This chapter reflects on the research that is performed. First the limitations of the methods are 

discussed. Then, suggestions for further research in relation with this research are proposed.  

9.1. Limitations 

Limitations to the analysis of the innovation system 

Earlier research indicated that 3D printing poses serious challenges to the patent system. This 

research has shown that at the moment the copyright system is in fact more interesting to look at. 

However, due to time constraints only 6 interviews were conducted. Although the interviews 

provided a clear view of what is going on with the IPR system in relation to 3D Printing, it is possible 

that more interviews could have provided additional information to the research.  

Limitations to the analyses of the production system 

Usage of the Castle Island dataset poses potential data flaws. By using this dataset, it is impossible to 

keep track of the patent search process. It could be that efforts in comprising the dataset are 

unequally distributed and have varied over time. This can result in an incorrect interpretation of the 

technology life cycle, because this analysis is time dependent. Furthermore, within this study, it 

became apparent that there are some slight recall and precision issues with the data. The analysis of 

the co-occurrence clustering in appendix 7 shows that there are patents in the External dataset that 

should have been in the Castle Island dataset. Also, the modularity clustering indicates that some 

clusters consist of patent families from both dataset. These clusters are created based on a high 

technological relatedness. This suggests that patents from both datasets are closely related to each 

other and should be in either one dataset. The research was performed on the basis of the Castle 

Island dataset. It did not focus on gathering the data via the use of patent search queries. More 

research can be done to find out how to identify these patents and include them into the 3D printing 

dataset. 

The results of the TLC show that the S-curve of 3D Printing Technology has settled. However, it could 

be that there is an issue known as truncation.  It takes time before applied patents are published. 

Generally about 2-3 year. So the saturation of the curve could be caused by patent applications that 

were left out of the analysis because they have not been published yet. 

The co-occurrence method did not enable for clear distinction of the clusters in any common 

denominator or general topic within the clusters. Also several clusters seem to encompass the same 

topics, but based on the word count analyses of the patent abstracts it is not clear why the patents 

within the clusters have clustered separate from each other.  

Some co-occurrence IPC clusters can be used for patent search queries. However, since they are very 

specific, they only find very few patent families. They are in no way useful as a representation of all 

patent families about the topic of the clusters. Therefore, they may only be used as a 

complementary tool to regular patent searches. This limits their usefulness. Also, for some clusters, 

it is not possible to check whether the query finds the exact same patents that are indicated in its 

title because it could be that more patents are granted and added to the patent databases that do 

not concern what the title implies. However, they could possess the same combination of IPC codes. 

Therefore it is not yet possible to tell for all clusters whether they are useful in patent queries. 
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The usage of the entropy on IPC classifications as a measure for technological relatedness is subject 

to a validity issue. The IPC codes are assigned by WIPO (2014). However, as this study has 

demonstrated, the individual technologies of 3D printing are not represented by specific groups of 

IPC codes. This shows that there is still room for improvement on the areas that are indicated by the 

IPC codes. The limitations of such classification systems should be taken into account carefully 

before assigning meaning to them.  

9.2. Research relevance 
A survey was performed on the basis of academic literature and analysis of the technology’s 

capabilities and potential. 3D printing was considered an emerging GPT. This research has provided a 

more solid ground for these assumptions. Although this research casts some doubt on the stage of 

the technology in the TLC, the results of this research prove to be in line earlier findings. With this 

research, a more well-founded discussion can be held about the way in which legislators have to 

rethink IPR. 

It appears that when a technology concerns a GPT, the IPC system does not provide adequate 

information about the technology fields in which the technology is active. This research has pointed 

out that for the analysis of a GPT with a high entropy in technology fields, citation network analysis 

provides the best way of identifying the technological areas of disruption.  

In general, the clusters generated in the co-occurrences analysis consist of very few patents. 

However, the analysis has shown that the method shows potential to be used in various ways. For 

one, it can – depending on the entropy of the classification codes – be used for the purpose of 

identifying technological areas that are affected by a technology. Second, because these clusters 

contain a combination of two or more IPC codes, they can be used in patent searches to identify 

specific groups of patents. Third, the clusters generated from the External dataset enabled for the 

identification of patent families that in fact should have been in the 3D printing dataset. For these 

reasons, this method can be used to increase the recall and precision of patent landscaping analyses. 

9.3. Suggestions for further research 
There is no objective measure for the differences/ similarities among IPC codes. In the co-occurrence 

analysis, some IPC codes clustered more easily than others. This could be due to the fact that some 

technology fields lie closer to each other than others. Even though they concern different technology 

sections. Distorting the results. For instance; C08G, C08F and G09D have a lot of overlap. So they are 

assigned often together to the same patents, which results in a cluster whereas it more or less only 

concerns one technology field and not a combination of technological areas.  

Earlier research have found prostheses for dental and medical implants and more areas of interest 

that the cluster method did not find. Although it is important to find all areas of interest, the added 

value of this research can be found in that the clusters were able to make a distinction between 

materials and method for the implants. The cluster method could be used for a more specific 

analysis of the technological areas found by preceding research. 

This research has identified technological areas that were not yet identified by other research. The 

added value can be found in the more specific technological areas of the modularity clustering. The 

treatment of semi-conductors concerns protection & packaging. Not so much the treatment and 

production of the semi-conductors themselves. Further research can be done in order to separate 
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technology fields that concern these type of issues to enable the IPC classification system to be 

useful within the field of 3D printing. 
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Appendix 1: In-depth information TLC stages 
As described by Utterback and Abernathy (1997), within the Uncoordinated stage the rates of 
product and process changes are high. Also, great diversity among competitors is found. Processes 
are unstandardized and operation is typically done manually or relies on general purpose 
equipment. No clear relationship between elements of the process has yet been established. 
Therefore, the technology is easily influenced by the market environment and there is little 
coordination of the individual process elements.  As the industry matures, the technology enters the 
Segmental stage. Here price competition becomes more intense and the production system 
becomes increasingly more efficient. Tasks become more specialized and operations more formal. 
The entire production system becomes more elaborate and automated through process control. 
However, some sub-processes might be fully automated whereas parts are completely manual or 
still rely on general purpose equipment. A critical mass in sales volume is needed before a 
technology can mature into the Segmental stage. The Systemic stage is entered when the process is 
highly developed and integrated. Incremental process improvements of elements becomes 
increasingly more difficult. Changing the process is very costly due to large investment into the 
technology and interdependencies between the individual components of the technological process. 
Minor changes within the process’s design are still possible but happen typically slowly. They 
generally happen because of complemental technology or sudden shifts in market demands.  
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Appendix 2: Interview question format 
The following in this appendix was sent to all interviewees along with a request to participate and 

used as a guideline during the interviews: 

INTERVIEW 

The interview is semi-structured. The interview will take approximately 30 minutes and consists of 

12 questions. Each of them leaves room for the interviewee to elaborate. All information gained 

from this interview will be used in its aggregated form and made anonymous. 

Challenges of 3D Printing Technology for incumbents 

Q1: Which issues are there in regards to enforcement of IPRs? 

The IPR system is there to stimulate knowledge creation. 3D Printing Technology provides 

users a tool to generate their own creative inventions and useful designs. Which might result 

in a boost in creation. Conventionally competition was found mostly within the industry. 3D 

printing might enable consumers and intermediaries to become competitors as well. The 

question rises whether if it is still useful for companies to have IPRs, as they might become 

difficult to enforce. 

Q2: Are there other problems rising because of 3D Printing Technology than those of 

enforcement? 

Q3: Are the challenges posed by 3D Printing Technology to the IPR system different per type of 

IPR? (trademarks, Patents, Industrial Designs & Copyrights)? 

Q4: Which industries are posed the biggest challenge to 3D Printing Technology according to 

your experience/research? 

Q5: Are there changes that should be made to the IPR system? 

Q6: What opportunities are there for companies regarding their business models? 

If the art of invention enters a domain in which it is massively produced by users at home, 

new relations between firms and individuals might surface. E.g. One could think of prosumer-

to-consumer, prosumer-to-business, business-to-prosumer, prosumer-to-prosumer. As new 

relations will surface, production companies will have to deal with this new competition.  

Q7: Can you refer to some cases that show how IPR disputes concerning 3D printing are 

handled? 

Q8: How can policy be directed to react to the challenges of incumbent firms? 

Many firms rely on their IP portfolio. 

Potential positive effects of 3D Printing Technology on creativity and innovation 

Q9: Would a patent system be beneficial for society in the future?  

3D Printing provides the public with new tools to develop their own creative artifacts. As they 

continue doing so, they will likely develop a skill which can be used in problem solving 



85 
 

activity. A viable flow of knowledge towards society might be achieved without an IPR 

system. 

Q10: Are there differences between the short and long-term effects of the emerging technology? 

The patent system ensures a trade-off between private actors and society; knowledge in 

exchange for monopoly. A balance has been established between creation and diffusion. 

Many firms and actors use business models that include IPRs and distribution methods to 

compete. 3D printing technology might disturb this balance. 

Q11: Earlier in this interview, direct infringement issues were discussed. How should companies 

address indirect infringement: induced & contributory infringement in the light of 3D 

printing? Meaning the aiding and abetting another’s direct infringement or the sale of an 

artifact for use in practicing a patented process.   

The question has been raised whether if a consumer can be held responsible for printing a 

patented article with/without the infringer knowing about it. Also, specifically for 

contributory infringement;  the seller of the patented article might be not aware that the 

product is a patented invention. 

Q12: What should policy be directed at long term? 

The IPR system is there to stimulate knowledge creation. 3D Printing Technology provides 

users a tool to generate their own creative inventions and useful designs. Which might result 

a boost in creativity. In time users might develop skills and cognitive understanding of 

engineering principles, resulting in either infringement or creative solutions bypassing IPRs. 
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Appendix 3: Patent search queries 

Considerations for performing patent search queries 

Several patent search queries were performed to obtain a patent dataset that represents 3D printing 

technology. During these searches, high recall and precision was pursued. The following equations 

help in understanding the concepts.  

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑅𝑒𝑙𝑒𝑣𝑎𝑛𝑡 ℎ𝑖𝑡𝑠 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑖𝑛 𝑑𝑎𝑡𝑎𝑏𝑎𝑠𝑒
  𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =

𝑅𝑒𝑙𝑒𝑣𝑎𝑛𝑡 ℎ𝑖𝑡𝑠 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑
 

The recall of a query tells us something about the size of the dataset in relation to the total possible 

size. Precision tells us something about the degree to which the data found with the query is 

accurate. It should be noted that the ‘total relevant in database’ remains unknown. When there is 

low recall, the overview created by the analyses is incorrect because the dataset does not represent 

the entire technology field. When there is low precision, the analyses on the data are incorrect 

because there is lots of data in the analyses that are not relevant for the analyses. It is difficult to 

have a high recall and high precision at the same time. The following table provides a list of 

commands that help improve either recall or precision during a patent search query. 

 Precision Recall 

OR - + 

Synonyms - + 

General terms - + 

Full text - + 

AND + - 

NOT + - 

Specific terms + - 

Title/keywords + - 

Table 18: Commands and their effects for use in patent search queries 

Performed patent search queries 

The patent search queries were performed on either title or entire text of the patent documents 

found in the Thompson Reuters Derwent Innovation Index. When a query was performed, a sample 

of the found patents were checked. The queries are adjusted and improved based on considerations 

of recall & precision. The queries are presented in chronological order. Right after the query-

command, the number of hits is given. For each query, the specific reasons and considerations for 

the search are given.  

The technology review in chapter three has indicated that there are 3 types of broad keyword 

combinations; ‘3D printing’, ‘Additive manufacturing’ and ‘Rapid prototyping’. Furthermore, there 

are 7 principled ways to manufacture within the broad concept of 3D printing. The patent search 

queries that are described below are aimed at improving the search per type of 3D printing 

technology concept. The individual queries are improved and queries that are aimed at identifying 

the individual technologies are added. The final query presents the best query created for this study.  

Query 1: Combination of broadest concepts 

The first query contains the direct combination of the broadest concepts within the 3D printing 

technology; Additive manufacturing/fabrication, Rapid prototyping, three dimensional, printing and 

layer-by-layer. It was performed on patent titles. The query and its results are found in the following 

Table 19. 



87 
 

# Query # of hits 

1 TI=((Additive NEAR manufactur*) OR (additive NEAR fabrication) OR (rapid NEAR proto*) OR ((3 NEAR 
D) OR (three* NEAR dimensional) OR (3 NEAR dimensional) NEAR print*) OR ((layer* NEAR by) NEAR 
layer)) 

>100.000 

Table 19: Content & results query 1 

There are many patents in the query that do not concern 3D printing. The NEAR command combines 

words that are too far apart from each other. This indicates low precision. It is necessary to break up 

the concepts to decrease the number of hits and find out which keywords cause low precision.  

Query 2: 3D printing 

The SAME command creates the condition that keywords are in the same sentence. The query and 

its results are found in the following Table 20. 

# Query # of hits 

1 TS=(((3-D) OR (3D) OR (three SAME dimensional) OR (3-dimensional)) SAME print*) 7.406 

2 TS=((("laser print*") OR ("toner")) OR (("ink") NEAR ("image"))) >100.000 

3 #1 NOT #2  6.874 

4 TS=(("3-D printer") OR ("3-D printing") OR ("3-D print") OR ("3D printer") OR ("3D printing") OR ("3D 
print") OR ("three-dimensional printer") OR ("three-dimensional printing") OR ("three-dimensional 
print") OR ("three dimensional printer") ("three dimensional printing") OR ("three dimensional print") 
OR ("3-dimensional printer") ("3-dimensional printing") OR ("3-dimensional print")) 

2.384 

Table 20: Content & results query 2 

Command #1 combines ‘3D’ keywords with all varieties of ‘print’. A sample of the results indicates 

that many patent families are about ‘printed circuit boards’. These are not necessarily about 3D 

printing technology. The SAME combinations include 2D printing technology. Therefore, a very 

specific query is needed that combines variations of the keywords 3D and printing. 

Query 3: Additive manufacturing 

For the concept of Additive manufacturing the query in Table 21 was used. 

# Query # of hits 

1 TS=(((manufactur* OR fabricat*) SAME additive)) 8.068 

2 TS=(("additive manufacturing") OR ("additive fabrication")) 481 

Table 21: Content & results query 3 

‘Additive’ can be disconnected from ‘manufacturing’, which leads to low precision hits. Furthermore, 

molding and casting techniques indicated with the keywords ‘rapid manufacturing’ contain 

technology that is in fact not 3D printing technology. 

Query 4: Rapid prototyping 

The search is now restricted to ‘Additive’ and ‘manufacturing’ next to each other. Table 22 presents 

the query used for rapid prototyping.  

# Query # of hits 

1 TS=(rapid SAME proto*)  1.994 

2 TS= (("rapid prototyp*") OR ("rapid proto-typ*")) 1.222 

3 TS=(("injection mold*") OR ("mold*") OR ("casting")) >100,000 

4 #2 NOT #4 908 

Table 22: Content & results query 4 

Query #1 looks for a combination of ‘rapid’ and ‘proto’ in one sentence. Again, this command leaves 

much room for combinations that have nothing to do with 3D printing technology. For instance; 
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rapid molding/ casting are found among the patent families. Query #4 excludes the these molding 

technologies.  

Query 5: individual technologies 

A query is performed to find the individual technology patents. In chronological order as found in 

the table below; SLA, FDM, Inkjet, LS, LOM and LPF. Table 23 describes the query and the results for 

the identification of these individual technologies. 

# Query # of hits 

1 TS=((stereo lithograph*) OR (stereo-lithograph*)) 416 

4 TS=(("fused deposition model*")) 123 

5 TS= (("TPCI") OR ("PPCI") OR ("phase change inkjet")) 79 

6 TS= ("laser sintering" NEAR "selective") 365 

7 TS=(("laminated object manufactur*")) 35 

8 TS=(("laser powder form*")) 0 

9 #6 OR #5 OR #4 OR #3 OR #2 OR #1 953 

Table 23: Content & results query 5 

Query 6: Final query 

The following Table 24 presents the total combination of all previous queries.   

# Query # of hits 

1 TS=(("3-D printer") OR ("3-D printing") OR ("3-D print") OR ("3D printer") OR ("3D printing") OR 
("3D print") OR ("three-dimensional printer") OR ("three-dimensional printing") OR ("three-
dimensional print") OR ("three dimensional printer") ("three dimensional printing") OR ("three 
dimensional print") OR ("3-dimensional printer") ("3-dimensional printing") OR ("3-dimensional 
print")) 

2.384 

2 TS=(("additive manufacturing") OR ("additive fabrication")) 481 

3 TS= (("rapid prototyp*") OR ("rapid proto-typ*")) 1.222 

4 TS=(("injection mold*") OR ("mold*") OR ("casting")) >100,000 

5 #3 NOT #4 908 

6 TS=((stereo lithograph*) OR (stereo-lithograph*)) 416 

7 TS=(("fused deposition model*")) 123 

8 TS= (("TPCI") OR ("PPCI") OR ("phase change inkjet")) 79 

9 TS= ("laser sintering" NEAR "selective") 365 

10 TS=(("laminated object manufactur*")) 35 

11 TS=(("laser powder form*")) 0 

12 #6 OR #7 OR #8 OR #9 OR #10 OR #11 953 

13 #1 OR #2 OR #5 OR #12 3804 

Table 24: Content & results query 6 

3.734 patent families are found by using this query. Precision of the dataset is relatively high 

because of the very specified combination of keywords. However, due to the many different 

keywords that indicate 3D printing technology it is difficult to approximate the recall. The Castle 

Island dataset is slightly more comprehensive. With 4340 patent families, it contains 620 more 

patent families. 
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Appendix 4: Transcripts of all interviews 

Interview A 

Challenges of 3D Printing Technology for incumbents 

Q1: Which issues are there in regards to enforcement of IPRs? 

A1:  there are a lot of issues depending on the different areas of IP. A lot of the focus is on 

patents and copyrights. The biggest issue for incumbents is enforcement against end users 

will be the biggest issue. 3D Printing brings about a mass mobilization ability for at home 

innovators to because manufacturers. Detecting infringement and enforcing it will be 

difficult. With respect to industrial designs and trademark law similar issues might exist. 

Uncovering infringing uses will be difficult for them. I teach IP law as well and talk to the 

students about what you need to do to qualify for a patent or register for IP. IP is only worth 

something when you can enforce it. That is why aggressive tactics are there to avoid people 

undermining their IP. This is a valuable problem. End users are difficult to target. The easiest 

way to enforce is not to target end users but to target platforms, designers and people with 

the deep pockets sort of speak. Sue them.  

Q2: Are there other problems rising because of 3D Printing Technology than those of 

enforcement? 

A2: Waste is an important issue. 3D printing sounds great but it could well be that it also causes 

a lot of waste. When music went digital, people would just put 2000 songs on their I-pod 

whether they use  them or not. I think it is the same for 3D Printing. You can make it, but the 

plastic that you actually use is essentially waste which is needed to be produced.  

 Interviewer: maybe it is not possible to always just recycle the excess. Maybe if you heated a 

material a lot of times the quality might go down.  

That’s right. A lot of the material is oil-based and might not be recyclable. Also, it was not 

environmentally friendly to begin with in the first place too. So on the offset it just creates a 

different problem of waste. A production of filaments and not so much the production of 

things.  

Legally you might think of product safety and liability. Ordinarily a manufacturer or supplier 

of a product will be liable when something goes wrong but what happens with 3D printing 

when people become the manufacturer? Who is designing the files? Is there liability for 

them? What about hosts of platforms, think of Thingiverse or whomever it might be. 

futuristically you can print out spare parts for your car. But what if there is a safety issue 

with those parts?  

Q3: Are the challenges posed by 3D Printing Technology to the IPR system different per type of 

IPR? (trademarks, Patents, Industrial Designs & Copyrights)? 

A3: yes, very different. From a standpoint of trademarks. For brand owners it has to do with 

registration of shapes as trademarks. Is this something you are familiar with? 

 Interviewer: not yet. 
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 Ok. Trademark law facilitates the registration of logos but you can also register aspects of a 

packaging or shape of a product as well as a trademark. What this essentially means is that 

you get a monopoly over a physical object. For example a coca cola contour bottle is a 

registered shape trademark. There are lot of other shapes. Particularly chocolate products 

like kit-kat which can be printed. There are also problems like that people put a trademarked 

brand logo on their by themselves printed products.  Which results in a loss of control and 

dilution of value for trademark holders. This is a problem for trademark infringement issues 

but also maintaining the distinctiveness of their trademark. The latter is really important for 

trademarks because if your trademark is not distinct for your goods and services you 

eventually loose registration. That is a qualifier for protection. So the idea for trademark is 

that I am the only company that uses the logo or shaped bottle. This is an indicator for the 

quality and that people know that it comes from me. If everyone just uses my trademark on 

products they create at home, then all of a sudden people are not able to identify the source 

of the product and the exclusivity tied up in the trademark as well. so that is obviously from 

the perspective of trademark owners one of their concerns.  But at the same time with the 

ability to register shapes. That is a real boon for them cause potentially that can monopolize 

3D Printing Technology opportunities but people can still create these products themselves 

at home for home use.  

 Interviewer: If I understand correctly, trademarks are also only granted when people see an 

object and immediately think of your company. If the trademark deludes like you are saying, 

is it also a fundamental problem for these trademark registrations? As it is no longer clear 

who has created the product in the first place and thus who’s it is. People might not think of 

the company anymore when the brand is shown. 

 Yes exactly. So there is an issue of registration. The trademark in the first place. It might no 

longer be considered distinctive enough. If people do start to print your products it might 

become generics and not so much distinctive to the brand. For instance when people say 

they are googling something, this does not necessarily mean that they use the google search 

engine for their query. The same applies to shapes. If everyone is allowed to use the Kit-Kat 

bar break-off concept. If everyone can design their chocolate bars with break-away fingers. 

Then people do not know where the product comes from and the concept of breaking off 

parts of chocolate becomes generic. Just common to trade. This is one reason why 

trademark owners should be very ruthless and sue infringers. To prevent their trademark 

from becoming generic. If you do not and let other people use it, you could use your 

registration. At first you might only find these strategies offensive but it is part of a broader 

strategy; to maintain the existence of a trademark.  

 Interviewer: I have a follow up question on that. When you talk about shapes that are 

trademarked, then I think about industrial design rights. What is exactly the difference here 

and how is determined which one you get? 

 Designs are about aesthetics and not functions. Therefor there are patents. If it is just the 

design you go for a design right. But the term of protection for a design is in the 10-14 years. 

Trademarks, if you are using your shapes. You could potentially quality for both a design 

protection and a trademark. The reason why you might choose trademark, is that trademark 
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protection is renewable (after the initial 10 years). As long as it remains distinctive. So for 

example coca cola has been using their bottle shape basically since 1930. You can potentially 

have a trademark for hundreds of years as opposed to design rights. Strategically, you could 

begin by taking the design right for 10 years and then go on by taking the trademark.  

Q4: Which industries are posed the biggest challenge to 3D Printing Technology according to 

your experience/research? 

A4:  which industries are most likely to be threatened? Any company with a trademark could. 

Because someone might create a 3D version of an object but also put a 2D version of a logo 

on an object of his choosing. Say an apple logo on an apple compatible phone case, in that 

sense it is really potentially anyone. In my next paper about industries that might see 3D 

Printing as a big issue, large film companies are concerned with fan art. 3D replicas of 

characters or items. There is this big case about an Iphone holder in the shape of the Iron 

Throne from the Game of Thrones. Previously the film makers have been able to control 

their merchandising content. But now fans can do that on their own. When fan contribute to 

the art, they are actually contributing to the popularity of the brand/ show. But HBO was 

pretty harsh about it by saying that it should be taken down. There is a lot of money in 

merchandising rights. And the law around those merchandising rights is quite strong. They 

are so strong that the holders can just throw their weight around to force others to stop.  

Q5: Are there changes that should be made to the IPR system? 

A5:  how long do we have? A lot of discussion about reforms of IP concern the expansions of 

terms of IP. But I think this is something with which we need to be cautious about. 

Particularly if it means closing of opportunities and maintaining the benefits of 3D Printing. 

Overreach of IP is not good. Overtime, copyright, patent and even trademark protection has 

really been expanded. Shapes are a perfect example. Really only in the 90s a big trademark 

harmonization act was signed making 3D shapes register able. The content of subject matter 

of IP has been expanded. But the more we expand, the more we are taking away from other 

people. 20 years is a long time to keep knowledge used from others.  

 Interviewer: are you saying the we should stop expanding the terms or are you saying that 

we should rather diminish them?  

 Potentially shorten the terms, yes. Personally I think we should not extend terms of  

protection at all. In Australia now, particularly a multilateral agreement is expanding 

copyright protection to life plus hundred years. At the moment it is life plus 70. That is a 

huge expansion of time. Patent law similarly. The Trans Pacific Partnership (TPP), which is 

essentially a free trade agreement. They are thinking of expanding patent terms.  Especially 

for pharmaceutical companies. Now we are at 20 years. They want to go to 30, 50, 40 years. 

Who knows how long. We should not be having those discussions. We should be thinking 

about keeping them the same or shortening the terms of protection.  

Q6: What opportunities are there for companies regarding their business models? 

A6: If you cannot beat them. Join them. Companies need to think about exploiting the 

technology. offer consumers add-ons, which enables them to (with authorization) exploit 
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the patent or make accessories with trademarks. Individuals might create products at home 

with inferior quality and liability issues might surface. Offering 3D printable add-ons is a 

good way to solve these problems. and enables them to ensure brand integrity and have 

some sort of control over production. The alternative is of course heavy-handedly fight 

personal use of their products. Issue take down notices. But proactively promote fan-art 

collaboration seems best, if we look at what we have learned from the music industry.  

Q7: Can you refer to some cases that show how IPR disputes concerning 3D printing are 

handled? 

A7: the game of thrones Iphone holder was handles heavy-handedly. There is also this case with 

the Penroze triangle. These I have come across. These are cases in which a takedown notice 

was issued. The involved companies targeted the sharing platforms or designer rather than 

the individual user here.  

Q8: How can policy be directed to react to the challenges of incumbent firms?  

A8:  if we have an IP system to encourage innovation then we should talk about what the precise 

scope is that should be covered by IP. And whether the terms are long enough. We should 

reduce terms. Companies are keen on building monopolies and confine the subjected 

knowledge for themselves but that has a consequence for more innovation for which the IP 

system was there for in the first place. So I think we should not just react to incumbents but 

look at the issues of IP more broadly.  

Potential positive effects of 3D Printing Technology on creativity and innovation 

Q9: Would a patent system be beneficial for society in the future? 

A9:  there has been a lot of research on the inefficiency of the patent system and its idea that it 

is supposed to be there to stimulate innovation. And that if we do not have it, that firms will 

not endeavor into research and development.  I cannot imagine that we will ever do away 

with the patent system because there are too many investments in that. If you want, there 

was a lecture by James Love in 2011. He says that the patent system costs the government in 

subsidies and that it would be much more efficient to do away with it. He also said that 

pharmaceutical companies would never invest R&D money into new medicines to recoup 

their costs. Looking at their budget. These companies spend significantly more money in 

marketing than R&D. The idea that we need the patent system to stimulate research and 

development is not that valid. As companies invest a lot in their marketing as well. And are 

not solely depending on R&D to recoup their costs. If we are spending money on subsidies. 

There might be a more efficient way to stimulate innovation. I am not entirely sure about 

the idea that the patent system equals innovation and investment and that there is actual 

evidence to support that. I think that we can do things more efficiently.   

Q10: Are there differences between the short and long-term effects of the emerging technology? 

A10:  in the short term. Incumbents have a real role to play in how much the law should enable 

them monopolies in the short term. This has significant implications for the long-term 

effects. Because from the perspective of patent law at least, this means that for 20 years 
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developments are blocked in that area. This is where I would point to the fact that 

concerning 3D Printing Technology, the first patents were found in the 80s and it only now is 

coming to the consumers now. Because the base-line technology has come into the public 

domain. Without protection. What we decide now will have serious consequences for the 

future concerning whether 3D Printing Technology will really reach its potential. A lot of the 

revolutionary stuff is a bit overblown. In business companies might be able to carve out little 

monopolies in niche markets but I am not sure that we will reach life altering potential for 

consumers anyway. In the short term. We need to think about what it means for a patent 

and design perspective and be very careful about the kind of monopolies that we grant 

early, because they might stifle innovation. which is what 3D Printing is supposed to be 

about.  

Q11: Earlier in this interview, direct infringement issues were discussed. How should companies 

address indirect infringement: induced & contributory infringement in the light of 3D 

printing? Meaning the aiding and abetting another’s direct infringement or the sale of an 

artifact for use in practicing a patented process. 

A11: I think indirect infringers are mostly targeted. Instead of individual DIY innovators. Designers 

and others that make IP available are issued take down notices or sued instead of the users. 

Firms have learned from experiences with copyrights and the digitalization of films and 

music. it is fruitless to sue the individual. Next to that, it is also impossible to detect the 

individual infringer. the fact is that consumers would strictly be infringing patents and 

copyrights, trademarks by printing products at home. Some might not be considered as 

infringing. For example in trademark law. In patent law in Australia there is a new act. Only 

recently active. That might save individuals at home printing patented goods. Because they 

are not using the products for commercial use. There is some abigiuity there. The DMCA 

enables enforcement of copyrights without actually ever having to test your rights. It is 

subject to abuse. It makes it very easy to go after infringers. The DMCA enables copyright 

holders to send take down notices for suspected copyright infringement. The hosting sites 

only have to remove the content if they do not want to be liable. So often websites just 

oblige. There is no equivalent for trademark infringement, however, companies do issue 

take down notices for trademark infringement. We will see a lot more of that. People who 

are either not sure whether they are infringing or do not want the bother of being litigated 

against for something that is not really worth it. However, this way much art/ knowledge is 

withheld from public use without a judge ruling over the issue.  

 Interviewer: then it is more or less your own informed consent and you can choose whether 

or not to comply or not? 

 Yes. This is very important for at home innovators. Designers who just post their stuff on 

sharing websites. Most of them do not know what their IP rights are. but if they get a e-mail 

from apple saying: ’Stop using my logo on your design’. They would take their file down, 

even if they might be unknowingly be in a strong legal position. If we are talking about 3D 

Printing as a revolution. That is not really going to happen until people really understand 

what their rights are and might oppose big companies with inaccurate take down notices.  
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 Interviewer: Do you think a similar act like the copyright act will be developed for 

trademarks? 

 There are some suggestions for patents yes. However, it will just raise the same issues. 

Issued take down notices without any accountability. There is no requirement that the one 

sending the take down notice has to do so in good faith. I will send you a paper about the 

proposition for patents.  

Q12: What should policy be directed at long term? 

A12: it comes down to encouraging innovation and competition. And discussions about reviewing 

IP. We have had all of these technologies that make great things possible, but we have an IP 

system that stifles this for a period of time by awarding monopolies. We need to be careful 

about locking up aspects of technology now because it can potentially have very serious 

consequences for the future. We need to act on evidence. So if the IP system gives incentive 

to create then we should really think about meeting the objective. And this is from a 

copyright perspective and from patents as well. People do not write their award winning 

novel on the promise that they will earn a monopoly for life plus 70 years. They do so for 

other reasons. 3D Printing is a perfect example. If I would create a rabbit, I would likely not 

do so to go for the design right. Fan art is another reason. People are not producing fan art 

for any perverse IP incentive. Their doing it for very different reasons .The question is 

whether we value this kind of maker culture. If so, we need to make sure that the IP system 

is not prohibiting this kind of value system as well. Evidence based policy that is balanced.  
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Interview B 

Implications of 3D printing for the law. Infringement and enforcement are big issues. But also 

product liability and consumer laws, gun laws. Which are undesirable effects of the technology. 

Caused by a decentralization of manufacturing. Also privacy issues concerning 3D scans of bodies for 

clothing. What happens to the data? Will it be stored securely?  

Challenges of 3D Printing Technology for incumbents 

Q1: Which issues are there in regards to enforcement of IPRs? 

A1: consumer oriented 3D printing has a decentralized nature. There is a potential for people to 

use design files and print out objects. Design files can have IP attached. It depends on what 

the material is in the design file, what the issues will be. It depends on the circumstances. 

The real issue I see here is how will you enforce the intellectual property of others when you 

have people printing everything out and when you have the internet as a source for sharing 

and downloading these design files. From a legal perspective, because 3D printing deals with 

intellectual property that is not just copyright. Whereas copyrights have been the main 

focusing point on the internet and in disputes. The DMCA has a takedown notice system for 

copyrights. However, it does not exist for other IPRs. My research has shown that people use 

the DMCA even when it is not clear whether it is actually copyright that is being infringed. It 

also concerns other IP like trademarks, patents and design rights. This process is quick, 

effective and scary for small firms who want to avoid litigation.  Platforms are very 

responsive to notices. I suppose, there is a difference in enforcement concerning different 

IPRs. It is interesting to see that the DMCA is used, even when it is unclear whether it is 

copyright that is infringed itself.  

Interviewer: the DMCA says that you are allowed to send takedown notices as a 

copyright holder. Why wouldn’t an IP holder just do this without there being 

a copyright act? 

My understanding is that it excludes the liability of an intermediary. It has to do with their 

liability. Contributory or secondary liability issues. The DMCA is developed to provide a fast 

and effective way to address alleged copyright infringement. There is a lot of criticism about 

it. It was heavily lobbied for by large music/ film companies who wanted to enforce their 

copyrights.  

Q2: Are there other problems rising because of 3D Printing Technology than those of 

enforcement? 

A2: In terms of IPR or law in general?  

Interviewer: Outside the context of IPR or general law. 

Possible the confusional rights. From an IP holder perspective it might be so that they own 

something but it might not be clear which IPR applies here. It might not be clear whether it 

is the design file or the process is protected. Or the final object itself. It depends on the 

individual circumstances in each case. For instance; User codes are protected with 

copyrights. But copyright only protects the exact software. When someone reengineers the 
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codes, the his code will be somewhat different and there will be no infringement. Only if you 

made an exact copy of the code.  In general it is very complicated and it should be looked at 

per case.  

Q3: Are the challenges posed by 3D Printing Technology to the IPR system different per type of 

IPR? (trademarks, Patents, Industrial Designs & Copyrights)? 

A3: not by nature in the differences between those rights. The mechanisms for enforcement are 

different per type IPR. Despite the fact that the DMCA has been developed in the U.S., it is 

actually used all over the world. Because a lot of platforms are U.S. based anyway, and 

secondly; there is still some bias about usage of the internet. There are often connections to 

people in the English speaking world. Using the internet and platforms. I do not know if 

china, Russia have a lot of similar services as the western world. I do not know in how far 

American IP laws are used there. In Australia, U.S., Canada, Europe a lot of companies are 

providing internet infrastructure or virtual services. In my view this gives U.S. law somehow 

a de facto reach in these countries. So enforcement mechanisms are used here a lot. 

However, there is only a DMCA for copyright. I see that as a big difference. This has to do 

with the developments of the internet and its usage.  

Interviewer:  do you think that other IPRs need a DMCA as well? 

 From an IPR holder’s perspective, they would say yes. But in my experience with the DMCA, 

it would seem excessive because it is being abused. And the fact that private companies are 

risk averse. They are unlikely to fight for the rights of their users as it is probably not worth 

their while. In terms of equity of users and owners of rights. I am skeptical about whether 

DMCA-like acts for other IPRs is a good thing. Potentially I can see a wish for something 

similar with patents. but actually you can have patents and copyrights existing at the same 

time. when you have a design file for a 3D Printed object that in itself has a patent. Then the 

design file could be in breach with copyright. A CAD file could be taken down because of 

that.  I do not think that anything more than the DMCA is needed.  

Interviewer: when you apply for a patent on the functional aspects of an object. Can you 

still claim copyright infringement over the creative parts of it? 

That is a good question. As far as I am aware, yes. Although copyrights is more of my area 

instead of patents. it differs from country to country. I think the two can be coexisting in 

circumstances. I will look it up. It depends on the circumstances.  

There are slightly different standards for the different IPRs. Even in countries that are pretty 

similar in this, this fact causes problems in itself. There are lots of treaties and harmonization 

going on, but for instance exceptions to infringement differ from country to country. 

Particularly when you deal with something transnationally like the internet, or something 

internet enabled like the sharing of files. There is some supremacy of U.S. law, at least in our 

countries anyway.  

Q4: Which industries are posed the biggest challenge to 3D Printing Technology according to 

your experience/research? 
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A4: this is a difficult one for me as I do not study the industrial application of 3D Printing. There 

is a lot of discussion among legal academics about IP and 3D Printing. There are disputes 

about IP. But there are no crazy patent wars. Many industries have embraced 3D printing 

and are thus going to use it themselves. You could think about the production of spare parts. 

If incumbents are able to get a monopoly over spare parts, I think 3D Printing is quite 

disruptive to that. There is a lot of case law around spare parts. In particular competition 

law. Say you have a monopoly over the machine itself. A classical case in de U.S. is about 

cameras. There are after markets for spare parts. To what extend may you prevent others to 

create spare parts? This is not clear. There is a balance between competition law and IP law. 

The automotive industry has embraced 3D Printing. This is also a very protective industry. I 

am not an expert in this field.  

Q5: Are there changes that should be made to the IPR system? 

A5: Patents and trademarks are not really my expertise. There is much criticism about 

copyrights. They are far too restrictive. Copyright terms have been expanded hugely in the 

last 20-30 years. For instance what can be copyrighted. Software is controversial. There is 

also not much proof that copyright really stimulates creativity. Furthermore, the copyrights 

are not so much compensating the creators but rather the big movie studios. The reach of 

what is trademark-able has increased as well. For instance shapes can be trademarked. A 

large part of these rights is a waste of benefits for society in terms of creativity stimulation. 

And there are a lot of cases about access to culture, knowledge and medicine. These are 

held up because of greedy IP holders. However, these issues are not necessarily 3D Printing 

related.   

Interviewer: do you have any concrete ideas on what exactly should change? 

 The duration of copyrights is far too long. Also the scope of what is copyrightable is too 

broad. At least in Australia, Europe and the U.S. More exceptions to infringement to IPR are 

good. Exceptions allowing usage like research and study, criticism and reporting, and more. 

These ‘fair use’ doctrines could be broadened. There is no fair use for patents for instance. 

For trademarks there is. Having similar exceptions for patents would be a good reform. 

Particularly when it comes to 3D Printing. You might have an object that with different 

exceptions for infringement. A combination of different rights on the same object, process 

or files is confusing. There could be developed an isolation from each other.  

Q6: What opportunities are there for companies regarding their business models? 

A6: I am not an expert in this to answer this question. I will skip it. 

Q7: Can you refer to some cases that show how IPR disputes concerning 3D printing are 

handled? 

A7: I will send you my article about Thingiverse. I have done research on this subject and show 

examples in this pending paper. In short there are disputes over the printers themselves and 

people infringing each other’s patents. disputes over Makerbot in terms of going from open 

source to closed source hardware. Which is not so much a legal dispute but more of a moral 

one. Because there is a lot that the community could gain. And then there are the disputes 
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concerning the DMCA. Which are common. Recently, there have been allegations that some 

companies have been using User’s designs. Printing them out and passing them off as their 

own. Without comments to the original creator. Also about Makerbot trying to patent 

processes or parts that seem very similar to files that users have uploaded. Makerbot claims 

that when the files were uploaded, the patent was already pending. So these are instances 

wherein companies infringe user rights.   

Q8: How can policy be directed to react to the challenges of incumbent firms? 

A8: companies get agitated and lobby for more protection. Stricter enforcement and increase 

the scope of protection. Typically concerning the internet. However, I have not seen this 

happen yet with 3D Printing yet. I think that regarding the gun-scenario. In Australia there is 

a moral panic about printing guns. Some people are suggesting that you should need a 

license for using a 3D Printing. This is crazy in my opinion. Like a gun license. Most of the 

time people use the technology in an acceptable manner. Some parts of society fight for 

stricter regulation concerning the technology. Restricting the technology would be bad for 

the technology’s creating potential.   

Potential positive effects of 3D Printing Technology on creativity and innovation 

Q9: Would a patent system be beneficial for society in the future?  

A9: As I have already said, I am skeptical about the arguments for copyrights, as they are too 

broad and the terms too long. Patent scope and terms are a lot less, so I am not as 

condemning of the usage of the patent system on that basis. However, I am not convinced it 

really stimulates creativity and innovation either. You can read ‘Against Intellectual 

Monopoly’ written by Voltre and Levene. The question is in more detail whether a patent 

system is useful for society. I do not agree completely with them, but they have some 

interesting points.  

Q10: Are there differences between the short and long-term effects of the emerging technology? 

A10: difficult to say. I suppose so. In Australia people do not see need for consumer 3D Printers. It 

is arguable more expensive than traditional means of getting products. It is not convenient. 

At least in the big cities. I can see benefits for people living in rural areas. Getting things from 

outside the areas is more difficult. In time this might change. Energy will become more 

expensive. Shipping costs etc. increase. Making the technology more efficient. Short term 

this is how I see it. It does not seem accessible for the general public yet.  

Q11: Earlier in this interview, direct infringement issues were discussed. How should companies 

address indirect infringement: induced & contributory infringement in the light of 3D 

printing? Meaning the aiding and abetting another’s direct infringement or the sale of an 

artifact for use in practicing a patented process.   

A11: in an ideal world where you could go to court and it would not be expensive, entrusted, 

good experts etc., you could resolve it there. However, it is expensive to fight in court. It is 

more efficient to send takedown notices. Small companies will oblige as ignoring the notices 

could cost a lot of money and they often do not have strong lawyer teams to fight the 
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claims. I discuss this a little bit in my paper draft. Innovative ideas might not be used in 

society because of the takedown notice effects. However, this ‘chilling effect’ on creativity 

could be fought by using the first amendment ‘freedom of expression’. However, in the 

current doctrine it is more commonly used when it concern media and literature, opinions. 

Not so much for intellectual property. Therefore it is difficult to use this in court.  

Q12: What should policy be directed at long term? 

A12: with 3D printing as an interesting technology. I do not see any great problems arising. So I 

would not suggest any radical changes. Harmonization is important. Making the terms more 

similar. Reduce scope of copyrights.  

Interviewer: do you have any concrete ideas on what should be harmonized? 

Fair use in more countries. However, some cultures do not use IPRs at all. A Jewish 

community developed a somewhat different system. Which might be useful to look at as 

well. some indigenous communities do not use IPR systems at all. Copyright is kind of an 

Anglo American idea. In France it is more about moral rights for the author. Instead of a 

financial compensation.  
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Interview C 

Challenges of 3D Printing Technology for incumbents 

Q1: Which issues are there in regards to enforcement of IPRs? 

A1: that’s a broad question with a broad answer. You allow people to make it easier to copy and 

reproduce objects. Also without permission. From the standpoint of IPRs, they are 

potentially impacted by the 3D printing. Potentially this counts for all IPRs. You can make a 

case for all patents, trademarks, copyrights and industrial designs. 

 Interviewer: A lot of companies base their business models on their IP portfolio. If the public 

gets a tool to print whatever they like. Would it still be useful for a company to have IP? 

 It is important to put that kind of question in perspective, because there are already tools 

available that allow objects to be reproduced without authorization. Like on a high scale. 

You could have cheap production in China for instance. Part of the answer depends on how 

the adoption of 3D Printing actually looks. It could be that everything is getting out of 

control but you could also think about the lessons that we have seen in the past. If you give 

people the opportunity to produce illegally, but you can respond to that by setting-up a shop  

where people pay you for it and make it work the way in that people expect it to work, you 

still have a viable business model. It might be different than pre-3D printing. But it can still 

work.  

Q2: Are there other problems rising because of 3D Printing Technology than those of 

enforcement? 

A2: In the IP world or more like legal challenges?  

 Interviewer: Any. On the one hand I would like to know more about challenges to 

enforcement of IPRs and on the other hand also find problems arising which maybe not 

concern IPR enforcement.  

 The obvious one has to do with product liability law. What happens it someone prints 

something and it breaks. For instance, one person designs and uploads it. Another takes it 

and modifies it and a 3th person downloads it and prints it with a type of printer that was 

not expected by the first two and the 3th person gives it to a 4th person and he gets hurt. 

Chasing that line of liability gets very complicated. And again in the States, liability law is 

based on the idea that the company that runs a factory and everyone involved are 

sophisticated players. And there are all sorts of social and economic reasons to make them 

responsible for volume control. This is a rather centralized system with corporate players 

involving quality control. With decentralized production methods that expectation gets 

tested.  

Q3: Are the challenges posed by 3D Printing Technology to the IPR system different per type of 

IPR? (trademarks, Patents, Industrial Designs & Copyrights)? 

A3: on the highest level, no. if you are worried about infringement, 3D Printing is another tool 

for infringement. In the world of trademarks it is easy to work around them with 3D Printing, 
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because you have a digital design and you can just strip-off the brand name. There may be 

more attempts to protect trade dress in objects. But with the trademark stuff the question 

comes down to ‘is the persons who tries to infringe the trademark basically engages in 

counterfeiting goods or is this person trying to take your object and just reproduces your 

object without permission and they do not care about the trademarks and strip them off. In 

the first case 3D Printing is exactly the same as a bunch of other things. Those are two very 

different scenarios. With patents there are these doctrines around repairing and replacing 

patenting systems. So if you have a machine that is as a machine patented, in which the 

individual parts are not patented. On some level, if you patented all the individual parts and 

reinvented the machine you would be infringing on the patent again, but if you were to 

patent individual bits and pieces of the machine that are not individually patented you are 

not necessarily infringing on the patents. and so figuring out the line of where an end user is 

reasonably repairing an item and where someone if just infringing on a patent gets more 

complicated when it becomes easier to come by all the individual parts. In the copyright 

story the most complicated part is the design files and the copyright status of them.  

Interviewer: And with the industrial designs? They are sort of a hybrid between copyright 

and patents.  

 Yes. It’s the same sort of thing as the trademark story actually. They are interpreted very 

narrowly. If you want to protect an industrial design for counterfeit purposes it is exactly the 

same thing. If they want to get around the design patent, a user could modify the CAD file of 

the object outside of the protection very easily. It depends on how you see the use of 

(design) patents, whether you consider this to be a problem. On the one hand, if you are 

changing it so it does not look like the protected object, there is no problem. On the other 

hand people are worried about similar looking but not protected copies of a design 

protected object.  

Q4: Which industries are posed the biggest challenge to 3D Printing Technology according to 

your experience/research? 

A4: if you look at the materials. Industries that are trading in plastic parts that are non-load 

bearing are potentially exposed because those are what desktop printers can make. For 

instance small plastic bit that are non-critical part in for instance cars. It gets easy to 

reproduce those. Also collectable figurine like things. It is difficult to tell though. At least for 

a couple of years still. We do not yet know what the 3D Printing industry will look like. Is a 

3D printer industry within 5 years a printer on everyone’s desk? Will everyone have access 

to a corner store? Will everyone have access to one online? Or a hybrid? We do not know 

yet and pricing and capabilities will influence a lot which industries are most exposed to 

disruption.  

Q5: Are there changes that should be made to the IPR system? 

A5: I do not think so right now. It is too early to know what will be changed. On a high level there 

are no challenges here that are fundamentally different for the legal system than those that 

already exist. There is nothing that has to happen immediately. Before you change things 

you first want to know how implications manifest themselves. Before passing a new law. The 
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closest thing you hear is the DMCA that protects copyright claims. But there is nothing for 

patents and trademarks. There are arguments coming up that something similar to the 

DMCA is necessary. 

Q6: What opportunities are there for companies regarding their business models? 

A6: The most interesting for existing rights holders is to find ways to partner with your fans to 

generate stuff. Example: a Game of Thrones (GoT) fan created a IPhone holder of the Iron 

Throne. HBO could have partnered up with this creator and go for licensing fees or 

something similar but HBO did not want to do that and shut them down. It would have been 

easy income. Hasbro and Shapeways have announced a partnership fan-art system by 

providing licenses to creative individuals. Instead of shutting down, they make it easier for 

people to create new stuff.  

Q7: Can you refer to some cases that show how IPR disputes concerning 3D printing are 

handled? 

A7: it is early, there are not many cases that went to court. HBO with GoT vs individual is an 

example. We do have rights holders sending takedown notices to websites like thingiverse., 

or shapeways. TinTin people have done that over the rocketship of TinTin. There was a very 

early penroze triangle. However, those are mostly takedown notices. Also there are 

conventional cases between 3D Printer companies vs start-ups etc.   

Q8: How can policy be directed to react to the challenges of incumbent firms? (or should it 

even?) 

A8: there is enough room for innovation right now. I urge to not react to the changes and wait 

how this technology develops. Incumbent will demand more protection. We should not 

jump to a conclusions right away. There are no changes to the IP system proposed yet. But 

you can image a lot of things like as special copyright crime that imply copyright 

infringement by 3D printers or expand the scope of copyright. To protect more useful 

objects or designs that are connected with 3D printing. That’s the one that I worry the most 

about. 

 Interviewer: You think that should not be done? 

 No. certainly not right now.  

Potential positive effects of 3D Printing Technology on creativity and innovation 

Q9: Would a patent system be beneficial for society in the future? 

A9: a IPR system will always be useful. At the same time I am sympathetic to arguments that the 

system protects too many things which in many cases causes it to siphon innovation and not 

encourage it. There is room to reform patents to better the system.  

 Interviewer: do you have any specific ideas on that? 
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 Yes. My ideas are the same as Charles Duan in his white paper earlier this year. He writes 

about 5 ways in which the patent system can be significantly improved. I would defer to 

that.  

Q10: Are there differences between the short and long-term effects of the emerging technology? 

A10: yes. Short term we have fits and starts. Later long term shifts. We are still in the short term 

phase so it is difficult to say.  

Q11: Earlier in this interview, direct infringement issues were discussed. How should companies 

address indirect infringement: induced & contributory infringement in the light of 3D 

printing? Meaning the aiding and abetting another’s direct infringement or the sale of an 

artifact for use in practicing a patented process. 

A11: with caution. Indirect infringement can easily get out of control. But the concept of indirect 

infringement is a legitimate one. If someone would create system purely designed to 

infringe on IP, they should not be able to hide behind the fact that they themselves are not 

infringing. But at the same time there are many tools and services that have many legitimate 

uses that could also be used for wrong doing. In the U.S. there was this VCR case. Concerning 

copying movies illegally. A technology like that should not be abolished solely because it can 

be used in bad ways. The same is true for 3D printing. Some objects are good, bad, infringing 

and not infringing. If we would stop the technology because some people are infringing. We 

would be missing a lot of opportunities.  

 Interviewer: You say we should approach it with caution. Do you have any concrete ideas 

on this? 

 We are in a state of play in which there are laws against indirect infringement. It is always a 

battle where to draw the line. I think that if you provide a service that is mainly used for 

infringing, this is not a good thing.  

Q12: What should policy be directed at long term? 

A12: policy makers should pay attention to the technological changes but they should be cautious 

that they are responding to reality and short term realistic things and not futuristic things 

like that you can print a smartphone at home for 5 dollars. The watchword is caution and be 

aware about what is going on. Do not make laws immediately. You do not have to wait until 

problems are overwhelming before you address them but you do need to wait until they are 

likely to happen.  

 The takedown requests are a much larger problem. I think there should be larger penalties 

for making an illegitimate takedown request. However this is not only for 3D Printing.  
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Interview D  

I like the way in which you make a distinction between the challenges for incumbents and on 

the other hand the potential positive effects of the technology for society. The goal of IPR is 

to incentivize (outside of copyright) creative expression. It not just for rewarding people with 

copyrights. Incumbents will try to keep their rights and try to expand their rights. familiar 

story to copyright story with digitalization. IPR holders have learned from copyright history. 

Now we have smarter parties. They know some things that will be disasters from a public 

relation standpoint. These things seem to work better. Smarter academics and other interest 

groups that will work against IPR. It will be interesting to see a round 2 of the fight. It is 

helpful to separate the different issues along the lines of intellectual property. Patents and 

copyright, trademarks and industrial designs all seek to incentivize different things. I think 

the biggest challenge is, assuming that 3D printing is true a technology with which you can 

print sophisticated electronic devices, the pressure will be on patent holders in a way it has 

never been before. They will be faced with the same scenario as actors concerned with 

digital music. I can’t capture the people that are making my devices. If I can really go into my 

home and secretly print a patented object, or a company can print the object at their house, 

it so difficult to catch them. The infringers are so diffuse and thus difficult to find. So patent 

holders are going to lose a lot of control compared to the past where they just had to find 

infringing manufacturers. The infringement will be decentralized. Assuming a mature 

technology. That will be the hardest adjustment. Physical things we have been mass 

producing for a 100 years and that sets up a certain kind of enforcement model and that is 

going to be gone whenever 3D printers get to that point. You want to look at the patent 

system in different terms of technologies because there are broad types of technologies. For 

instance mechanical devices. Those are much less important today than they were 100 years 

ago because obviously electronics has come along, medicine, chemical have a much bigger 

share of the patent story today. But the mechanical devices will be the quickest challenged 

by 3D printing because they often only need one or a few types of materials. It is probably 

very far in the future where medicines will be produced by printers or technologies like 3d 

printing. You may have read about printing a molecule or drug. And this may come to truth 

someday, but this will be many, many years down the road. In-between those two, there are 

electrical devices. Phones and others. If it becomes possible to print those, this would really 

challenge the electronics industry. Which is a big part of the patent industry today. A lot of 

different pressures on the patent system, as I discuss in my article that I have sent you a link 

to. 

Challenges of 3D Printing Technology for incumbents 

Q1: Which issues are there in regards to enforcement of IPRs? 

A1: Challenges to enforcement are that infringement will be decentralized. It will be private and 

difficult to monitor. Next to that there is the problem with Computer Aided Design (CAD) 

files which are used for 3D printing articles. Within copyright, they are handled just fine. For 

instance an e-book file would infringe a copyright on a book. But the patent and trademark 

system has no history of handling these files. Design patents (in Europe known as Industrial 

Designs) and trademarks will have to find out how to handle the electronic files, because a 

CAD file that will print a machine is not the same thing as the machine. A copyright is fine 
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because a copyright states it does not matter if it is the actual book or a file that will print 

the book, either way it infringes. But patents and trademarks do not say that. They concern 

tangible physical devices. So unless there is an adaptation to the law nobody will be able to 

stop the files from being out there on the internet and traded and exchanged. If you cannot 

stop the files, you really cannot stop the infringement. That’s a big challenge. How to deal 

with the computer files.  

Interviewer:  Also the distinction between what is copyrighted and what is actually a 

useful part in the design? 

 Right. With Copyright it is already handled fine. What you are worried about is someone 

who is trying to claim a copyright in a CAD file when really that file is for a useful object. 

Copyright only protects creative objects. However, a court will notice this.  

Q2: Are there other problems rising because of 3D Printing Technology than those of 

enforcement? 

A2: Other than enforcement? One concern that comes to mind is one of personalization, which 

concerns trademark holders. People pay much money for fancy products. You can absolutely 

envision people printing expensive shoes or purses but yet personalize it to themselves. 

However, brand owners love to protect their brands. They want to project a certain image. I 

am not talking about infringement here. It is not about pretending the printed products are 

real. Personalizing is another problem to deal with. There has to be some level of control 

given away to the individual. Otherwise they will do it anyway and we cannot stop them. 

How to do this well? The music industry was worried of losing control due to streaming and 

selling music on via software like Itunes. It is what the customers wanted. Customers are 

willing to pay a fair price. People are willing to pay for the Gucci purse, but they want to able 

to personalize it. If the brand holders say no. They are just going to break the law. If they 

find a good way to allow personalization of their products. They can earn a lot of money 

through this and make a lot of friends.  

Interviewer: Ok, that’s actually quite interesting. So also in the light of guaranteeing your 

quality as a producer. You don’t want just any product on the market? 

 Right. It is going to be very difficult conceptually. Generally, if you buy an expensive purse, it 

is of good quality. The fake purse is not. People know that. Theoretically it is possible for the 

infringer to sell high quality copies as well. But when trademark goods are 3D printed, its 

immediately conceivable that the infringing good will have the exact same quality as the 

original. As long as they are coming of quality 3D printers. With the right materials. The law 

does not care but it is an interesting conceptual problem, because one of the things that 

trademark holders generally claim is that others produce low quality goods that are affecting 

their image and in this case that argument won’t hold. That is only one part of the trademark 

story tough.   

Q3: Are the challenges posed by 3D Printing Technology to the IPR system different per type of 

IPR? (trademarks, Patents, Industrial Designs & Copyrights)? 
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A3: Yes. I think so. The Copyrights story is going to be a very similar to what we have already 

seen in the music and film industry. It is just going to be with physical/3d objects and 

sculptures. Industrial designs, they are kind of a hybrid between copyrights and patents and I 

see their problems as similar to the copyright thing and patents but put together. In 

trademarks we just discussed that people will personalize their Items. Think about the 

mashups in songs. A creator puts together different samples of different songs and by doing 

so, creates a new song. The same thing may be done with purses. For instance a half Gucci, 

half Louis Vuitton would be a new item. Much creativity is possible. Copyrights are 

challenging but we understand those already.  

There are 2 justifications for trademark protection. Firstly, to protect consumers. Secondly, 

we want to protect the creator of the trademarked good because we want to encourage 

them to use their quality/expertise and creativity into their brand. A property rationale. The 

first one, the consumer protection rationale is different and might go away since the printed 

goods are of similar quality to the original. The property right rationale will stay. A just as 

good a purse is still infringing.  

Q4: Which industries are posed the biggest challenge to 3D Printing Technology according to 

your experience/research? 

A4: In the patent system the first broad industry will be mechanical devices. Because that is 

what we can print already. For instance, we can print fuel injector valves and other simple 

mechanical objects. The impact on these industries is significant but not like all patent 

intensive industries are threatened. We are probably far away from manufacturing 

molecules, atoms, medicines, etc. It is tough to know when circuit board and smartphones 

are printable. The ultimate challenge will be there for rights holders when a user truly only 

needs to push a button and an entire complex device comes out of a machine.  

Interviewer: I was also looking into semi-conductor manufacturing. IBM showed a milling 

device with an accuracy of one nanometer. How long will it take? 

 At the moment I am writing a paper with Joshua Pierce who is specialized in mechanical 

engineering at the Michigan technical university. He can tell you where the boundaries of 

the technology are. The biggest problem to me is that when individuals without any 

technological expertise can press a button and a technical device comes out. When do-it-

your-selvers create savvy items it will still be on a very small scale and so it does not really 

matter in the big picture of things. They can already infringe a lot more than the average 

consumer, but their numbers are very limited. 

Q5: Are there changes that should be made to the IPR system? 

A5: Good question. In patent and copyright system you are an infringer when you know it or not. 

Firstly, what we need to think about is when an individual is truly innocent and he does not 

know whether his creation is infringing, they should somehow be forgiven for it. Somehow. 

Maybe they need to destroy the product, but they are not sued for a lot of money. That’s a 

question that we need to work through; Innocent infringement. Exemption up to a certain 
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amount of money that they cost an assignee. But if he is selling he might need to account by 

the normal rules.  

 Secondly, how should IP law address the CAD files? At the highest level, via directly 

infringing: I make and sell you a device. Under current law it does not matter if I knew I 

infringed or not. I am still an infringer. With indirect infringement you have to know of the 

patent and the product infringing it. This is a big hurdle, because most of the people doing 

the infringement are not going to know of the patent at all. Someone will share it on the 

internet and only later an assignee might notice ‘hé, that is my patented device’. ‘You need 

to take it down’. Because if someone infringes it, you supplied it to them. Then you are an 

indirect infringer. Cause now I told you about the patent so now you know about it. Ok… 

when it gets taken down, it’s already on the internet and probably shared by others as well. 

You cannot stop it. Just like you can get free music right now if you wanted to. If there is no 

way to directly control CAD files, then authors will be pretty powerless to stop infringement. 

The law needs to change around the CAD files. Do we need special rules for CAD files? I am 

not at the point of saying here is what we need to do. But we need to think about whether 

we need to exert more control for IPR holders. The flip side from the perspective of society 

is, maybe not.  

Q6: What opportunities are there for companies regarding their business models? 

A6: We talked about trademark companies. I think companies should give some control to the 

consumer who wants to personalize the item. And beyond that. Learn from services like 

Itunes and music streaming. Consumers are willing to pay a fair price just to have an 

efficient, easy and trustworthy means of getting the files they want. Imaging toy companies, 

simple mechanical device companies can learn from that. The sooner firms figure out that 

consumer are willing to pay for seamless access, the better off they will be.   

Q7: Can you refer to some cases that show how IPR disputes concerning 3D printing are 

handled? 

A7: I do not know of any true 3D disputes. There are cases that involve it in the background. In 

copyright I am aware of threatened allegations. For instance, the creators of Game of 

Thrones issued a takedown notice on an iron-like chair which could be mounted on an 

Iphone to be used as a protective holder.  

 However, 3D printer developers do litigate each other a lot. This is a rather traditional type 

of lawsuits. Not the end user being sued. Open source ideas might close. However, these 

things are not really my area of expertise.  

Q8: How can policy be directed to react to the challenges of incumbent firms? 

A8: IP rights holders are going to demand protection. The question is whether if there will be 

people posing counter arguments. if there are enough voices saying, yes they are losing 

some control but maybe this is not a bad thing. As we maybe do not need as strong IP rights 

as in the past. If the question is: ‘how can we help IP holders?’ the answer is obvious: protect 

the CAD files, do not grant end users immunity, institute take down notices like in the music 

industry. I do not know if this is the best way. We have to look at the benefits of IP as a 
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whole. Technology lowers production costs. Remember what IPR are there for. To recoup 

investments. For the purpose of a thought experiment imaging this; If cost of inventing was 

cut in half. We would only need half strong IPR. If the costs and risks of inventing is cut in 

half. Strength of IP should be cut in half. One way to do this is to cut the monopoly term in 

half. Another way to weakening IP is to do nothing. Naturally let the technology weaken IP 

rights. 3D printing will cause a lot of new inventions. All benefits for society. We want to 

allow this. Putting restrictions on usage of 3D printers to graduately develop the technology 

will also limit legitimate use of the technology. That is what we want to allow as it is a 

benefit to society.  

Potential positive effects of 3D Printing Technology on creativity and innovation 

Q9: Would a patent system be beneficial for society in the future? 

A9: Do we still need a patent system to incentivize developing products? That depends on how 

much 3D printing lowers the cost of creating an innovation. If it lowers it enough to a point 

where it costs nothing to innovate, then the whole justification for the patent system goes 

away because if its free to innovation, I do not need to recoup those costs. However, in the 

near future it will not lower production costs that much. And even if it does, it will only be in 

those areas 3D printing significantly impacts. Not medicine, semi-conductors etc. There will 

still be a need for the patent system for electronics, drugs, chemicals, etc. We have to look 

at the industry holistically. I think we will still need a patent system in the future. I think 

there is a very strong argument for weakening though. Also for other technologies. The IPR 

system is a good idea because people still have to incur costs and risks. And they need to be 

able to recoup those. But these costs and risks will be reduced in the future. A counter 

argument to that is that all over history there are technologies that lower certain costs. But 

those same technologies open up new avenues of innovation that are still expensive. For 

example: computers lower the costs of doing some things, but it also created a whole new 

computer industry that is very expensive. So it’s a very big picture. Just like 3D printing and 

other technologies lower the costs of inventing, they also lower the costs of copying. Which 

means that it is even harder for the original inventor to possibly recoup their invention. It’s a 

lot of moving parts.  

Q10: Are there differences between the short and long-term effects of the emerging technology? 

A10: We have already discussed this.  

Q11: Earlier in this interview, direct infringement issues were discussed. How should companies 

address indirect infringement: induced & contributory infringement in the light of 3D 

printing? Meaning the aiding and abetting another’s direct infringement or the sale of an 

artifact for use in practicing a patented process.   

A11: Again this is the only mechanism by which a patent holder and control the CAD file. But 

because the patent owner has to prove that the infringer knew of the patent. That is a very 

high hurdle. And very expensive to prove in litigation. Probably like in copyright law resulting 

in the takedown regime, this might also happen with patents. I discuss this in my paper.  

Q12: What should policy be directed at long term? 
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A12: In the big picture, give 3D printing enough room to grow and make sure that society will 

benefit from it. We should not help IP holders at the expense of harming the beneficial uses 

of the technology. keep selling 3D printers. Don’t over regulate them. The policy in the near 

term should be to study closely. Don’t listen to patent lobbyists but look closely at what are 

the net benefits for society.  
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Interview E 

My research revolves around patent law issues. I like to look for disruptive technologies. And 

how they affect our IPR system. Also industrial designs. Whether the law is doing a good job 

or not. Regarding 3d printing also, as it is moving towards consumer level printing. 

Challenges of 3D Printing Technology for incumbents 

Q1: Which issues are there in regards to enforcement of IPRs? 

A1: in general, 3d printing technology itself is not going to change the way we protect 

intellectual property. For example. If you develop a new type of 3d printer or a new method 

of metal laser sintering. Any type of additive manufacturing is still going to be patentable 

much as many machines and devices have been patentable for 100s of years. In my view the 

big difference with 3D printing really starts to come about is when you talk about in home 

printing. For centuries, industries have assumed that any product that will be manufactured 

and sold, would be put together by the seller, and not the buyer. Our patent law has 

developed by that assumption. Because that is just how it was done. Individuals didn’t have 

the capacity to do this by themselves. 3D printing might turn this around. You don’t have to 

deliver a product to your customer. Eventually you might trade in nothing but digital files 

until someone prints it. The reason this is a big issue, is because right now infringement is 

defined as a certain number of acts in the US. Such as making, selling or using a patented 

product. Those actions do not occur when all you are doing is circulating or copying a digital 

representation of a patented product. Right now people generally cannot patent a digital 

representation of a product. They can only patent the actual real-world embodiment of it. So 

if you are not able to patent the digital file, or protect it then the thing that is actually being 

sold is not patented. Here lie the difficulties. Because the infringers are the customers that 

are actually making  and using it which are both acts of infringement. There are not actually 

selling it but neither is the one sharing the digital file because he does not sell the physical 

invention.  

Q2: Are there other problems rising because of 3D Printing Technology than those of 

enforcement? 

A2: there is one I can think of. Let us say on the industry side a company wants to manufacture a 

new type of part for a machine that they can do in some respect better (stronger/faster) 

than you would be able to do in traditional manufacturing processes. Let us say it is a laser 

sintered piece vs a cast metal piece that can be made lighter and stronger at the same time. 

The problem or difficulty that you can have there is that it is certainly the kind of innovation 

that we want to encourage. But it could be subtle to be able to separately patent a piece 

where all you are really doing is swapping one manufacturing method for another. So we do 

not want to discourage people from doing that, but at the same time it is going to be a 

struggle in determining how inventive switching from manufacturing processes is. How far 

do we have to go with these additive manufacturing processes before you have an 

invention. That is worth protecting.  

 Also cost and entry barriers are widespread. Which means that true pioneers who make a 

patent today, but it may take a decade before enough competition pops up. You may have a 
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20 year long patent but the first 10 might be wasted because other are not using the 

technology yet. This might discourage people to innovate in this space before it becomes 

widespread.  

Q3: Are the challenges posed by 3D Printing Technology to the IPR system different per type of 

IPR? (trademarks, Patents, Industrial Designs & Copyrights)? 

A3: Yes. Industrial designs are covered by patents primarily in the US. A design patent would 

only cover the astatic appearance, whereas the utility patent covers utilitarian aspects of it. 

Copyright can protect certain kinds of designs. Not functional. Applied art which is more like 

an industrial design might be protected by copyright. Example: something where form truly 

follows function and is a very streamlined minimalist object is likely to be treated as 

industrial design whereas a table lamp that is stylized to look like a statuette of a person is 

more of an applied art. The latter would be copyrightable. That is the kind of stuff you can 

imagine being printable. So copyright protection has similar challenges to patent protection 

in that people who are doing the copying are in home consumers. But copyright is also a bit 

broader because a CAD file may be treated as a derivative work of an object. You might get 

some protection for a CAD file in the copyright system whereas you would not get it in the 

patent system. The copyright system is thus more advantageous in the near term for 

designers of 3D printable objects. The big drawback is that copyright protection does not 

extend to functional things. So for now we can print simple toys and novelties that are fun  

to look at but anything more complex is outside the realm of copyrights. So there are 

significant limits to what you can do with copyrights now. Not much changes for trademarks. 

Perhaps the ability to put anti-counterfeiting technology in an object might be somewhat 

easier through the use of 3D printing. For instance embedding internal markings/ hiding 

something to show that it really is authentic. Something that would not be there if you 

would just make a scan of the object. However, on a pure trademark standpoint I do not see 

a major change.  

Q4: Which industries are posed the biggest challenge to 3D Printing Technology according to 

your experience/research? 

A4: Short term, toys and novelties industries. These products are printable in the home right 

now. Something like Hasbro worked with Shapeways to allow printing of customized my 

little pony. Figurines. Companies like that need to be careful because their designs can be 

copied or adapted. Secondly, the replacement parts industry. Simple polymer printing can 

replace a lot of simple components. Plastic connectors, even IKEA furniture. When you 

move. Something breaks off, which might be easily replaced. Companies who want to 

control the secondary markets for their replacement parts will be probably greatly affected. 

Lastly, automotive and airspace industries are greatly affected with the pressure to 

maximize fuel economy. Making parts simpler. For example making something that would 

be a five-piece component into a one-piece. While having the weight of it at the same time. 

Also replacing heaving cast-metal pieces in cars for and planes for something that can be 

additively manufactured.  

 Interviewer: what exactly do you mean with the fuel economy? 
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 Just the idea that weight of airplanes has a tremendous effect of fuel use. This weight makes 

a lot of difference. GE works a lot with replacing heavy jet engine pieces with lightweight 

pieces.  

Q5: Are there changes that should be made to the IPR system? 

A5: yes. Basically my research revealed a gap in basic protection. An invention that is printable 

and the CAD file itself is a very valuable thing to be sold or reproduced. Vs the truly physical 

objects. If we want to continue incentivize inventors in this digital age, the law needs to 

embrace the notion that sometimes manufacturing or designing can be done largely if not 

entirely digitally. Not to say that prototypes will not be made but I think we will reach a time 

in which IPRs are largely only embodied in a digital sense. The law does not seem to 

recognize that and this is because they lag behind on the technology. for this an act of 

congress is needed. IP laws are specifically codified and do not really recognize digital 

representations of IP. We need to codify digital representations as well.  

Q6: What opportunities are there for companies regarding their business models? 

A6: replacement parts pose great opportunities. For any company that makes products with 

parts that are breakable or separable. Make CAD files available to reprint those items. I 

would not like to have to buy a whole new keyboard if only one key is broken. I would like to 

print only the part that connects my broken piece. For instance Dell can make this 

downloadable. I do not know about profitability of this. If you are the first one to offer this, 

all your customers accessed CAD files for replacement files can turn out to be a large market.  

Opportunities are seemingly endless. We can produce stuff that was not possible before 

with traditional casting or molding methods. So R&D is possible. Ask the question: ’what 

opportunities will there be for us when we switch to additive manufacturing?’ for one you 

can improve products but also reach different customers. For instance if there are limited 

number of units that someone wants to produce, let say plastic or in metal. It can be far 

more cost effective to do that using 3D printing. You do not have huge fixed costs like in 

molding methods. You could make it viable cost wise to make less products for companies 

that only need fewer products.  

Q7: Can you refer to some cases that show how IPR disputes concerning 3D printing are 

handled? 

A7: I cannot. There is some litigation going on between 3D systems and others. But those are 

competitive cases that have to do with the technologies in 3D printing.  

Q8: How can policy be directed to react to the challenges of incumbent firms? 

A8: my view is that if you are an incumbent firm and you rely on your IP and the competition is 

better than you are I do not think the government should step in to aid you. I can think of 

tax breaks for researching and investing in less wasteful products which are better for the 

environment. I can envision certain tax benefits for companies whom are willing to take the 

added steps and show that they are trying to evolve with the industry.  
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Potential positive effects of 3D Printing Technology on creativity and innovation 

Q9: Would a patent system be beneficial for society in the future?  

A9: it’s a fundamental question. Every day there are new and creative tools that help people do 

things better. I personally believe in the value of a very rich public domain. Broad access to 

technology and tools is a good thing which helps to foster innovation. The tricky thing is that 

however nice it would be that people would donate their ideas to the public. What I am 

trying to get at is, for the public to actually get the full benefit for their creative efforts, the 

public has to actually receive the full scope of the knowledge associated with those 

technologies. and this is one thing that the patent system does very well by requiring very 

detailed disclosures of ideas. in very great detail with many examples. For instance how does 

it work, how do you make it, how do you use it? In enough detail that someone skilled in 

that field would be able to read that disclosure and fully understand what that invention is 

and how to use it. So I am a little bit concerned that if we did not have a patent system and 

we would just have new ideas available for all. That those ideas, although technically 

available would not be as accessible. Because there will be no requirement or procedure to 

get the full scope of that knowledge. The knowledge put into an organized fashion in writing 

that is available to everyone. Certainly there are other ways that this information could be 

disseminated at the same level but it is a burdensome process to write a patent application 

that meets those requirements. So without something in return, a patent right or monetary 

benefit I am concerned that we might not get that knowledge circulated to the public.  

Interviewer: So you are saying that if there were no patent system, there would be no 

reason for knowledge to be written down really well so that people can fully understand it?  

Yes. Imagine, if I come up with a new invention and I do not patent it or anything because 

there is no patent system and you like what I am doing, you may have the knowledge to 

understand what I am doing. You may be able to duplicate it and compete. And then we 

both have the same tools available and we compete for our businesses based on who is 

better. But if you only know a little bit about my technology, it might be very difficult for you 

to reverse engineer my products. Which you can say is a good thing, we might only want 

people getting into those markets who understand the technology well enough and that is 

just competition. But I do not think that the mere fact that I use a technology or disseminate 

it is enough to put it in your possession.  

Q10: Are there differences between the short and long-term effects of the emerging technology? 

A10: yes. One example is what I said earlier. People who are pioneering in this field today develop 

technologies that are currently used by very few people in the near future. So there is a lot 

of investment in technology and there might only be very little return for quite some time. 

So the incentive to get involved in 3D printing right now is relatively low. More sophisticated 

firm might accept this short term loss. But I think that 20 years from now, we will see a lot of 

adoption later. But it will take a critical mass before it will be financially viable for people to 

jump on board. And that is only then when the IP around the technology becomes very 

valuable.  
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Q11: Earlier in this interview, direct infringement issues were discussed. How should companies 

address indirect infringement: induced & contributory infringement in the light of 3D 

printing? Meaning the aiding and abetting another’s direct infringement or the sale of an 

artifact for use in practicing a patented process. 

A11: I am glad you ask this question because direct infringement is what I was talking about 

earlier. Indirect infringement is a very important and valuable tool for various types of 

situations in order to effectively target the source of infringing conduct. You do not have to 

sue the direct infringer, but the indirect infringer. With CAD files sharing there is at least a 

potential to say that indirect infringement is going on. In practice it is difficult to prove. You 

have to show that the indirect infringer knew that by distributing the CAD file and another 

person would print it that it would actually infringe. Theoretically this induced infringement 

can be used.  Most of the times people are not actively trying to infringe someone else’s 

property. But at least it is better than having no course of action. The best way to address 

this issue is to make people aware that your product is patented. By for instance putting a 

patent number on a product. Even when patent pending. Better yet, embed the patent 

number in your product. It is not necessarily enough to prevent and prevail and prove active 

inducement but it is better than nothing. This is one small way to bridge the gap I think that 

congress needs to fix. And make the CAD files themselves protectable.  

Interviewer: Wouldn’t it be rather subjective as well? I could make a product and write a 

patent number on it. But you can print it and say, well this exact this is not 

covered by the patent . 

Yes it is somewhat subjective. That’s a good point. Patents are very complicated documents 

sometimes. So to figure out if a patent covers a particular product, it still requires a very 

rigorous analysis of the technical documentation and often a patent attorney. Someone 

could say, I saw the patent number but I did not know it infringed because I do not 

understand the technology. and do not have the skill to find out what the patent actually 

covers.  

Interviewer: would this be enough in court? Saying I do not know might sound somewhat 

easy.  

It might be enough. If you can prove that you are honestly did not think it was infringing or 

had no reason to find out if it is patented. But willful blindness will not suffice. This means 

that you are consciously avoiding to being informed that a product is covered by a patent.  

Q12: What should policy be directed at long term? 

A12: I do not know of a better way to encourage innovation than the IPR system that we have. It 

can certainly be improved by bridging gaps like I discussed earlier. Policy wise I do not know 

of an effective alternative. Policy should promote progress of science and innovation. it has 

to be enough to encourage innovation but not so much to discourage others who are not 

patenting a product and they may not use technologies that should be in the public domain. 

However, I think it should be more difficult to obtain a patent. Because a rich public domain 

is great for creativity and innovation. there is a place for patents but not with a too low 
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threshold. The patent office in the U.S. has reached an all-time high of patent grants. 

300.000 patents were issued in the U.S. this year. And the truth is that most of those patents 

are very small incremental improvements of previous inventions. It is unlikely that all of 

those are deserving of getting the full 20 year of exclusive rights. And perhaps some were 

obvious small improvements should not be enough to keep others out of the market for 20 

years. We should increase the standards for patentability a bit further. To ensure that only 

the most meritorious inventions get the powerful rights. 

Interviewer:  Do you have any concrete ideas on how it can be made more difficult to 

obtain a patent? 

I think the best way is through the traditional branch of our government. It is often not black 

and white. You should look at previous cases coming up over and over again. Judges should 

explain what should be enough and what not based on previous cases. One rule that has 

come about for instance has to do with internet oriented invention like in e-commerce 

functionalities. There was a case involving a shopping cart on a website. The court had seen 

the same functionality pre-internet. And considered it obvious and thus not patentable. I 

would encourage courts to formulate statements like that. So that the patent office will 

know what they can look for. For instance that something has not been done with plastic 

before but it is not really new.   
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Interview F 

Challenges of 3D Printing Technology for incumbents 

Q1: Which issues are there in regards to enforcement of IPRs? 

A1:  is it still useful to have IPRs? It is going to be complicated to enforce IPRs, but that should 

not mean that they should be enforced. UK academia, for example, when universities have 

the rights to the knowledge produced but they wave the rights. So when you write a 

textbook, you may receive the royalties and not the university. However, the rights can be 

used for defensive purposes. To protect yourself from claims. And they are also useful to 

provide a trail to trace who invented what. They can be used strategically as well.  

Q2: Are there other problems rising because of 3D Printing Technology than those of 

enforcement? 

A2:  liability issues. When you print a spare part for a car and an accident happens. Is the 

designer liable, the printer manufacturer or the user? Basically who is going to be liable. A, 

whomever prints the product out or B, if it causes harm to 3th parties?  

Q3: Are the challenges posed by 3D Printing Technology to the IPR system different per type of 

IPR? (trademarks, Patents, Industrial Designs & Copyrights)? 

A3:  From a legal point of view it is not very clear for a lot of IPRs whether they can be used for 

protection or not. For example patents are usually used for complex objects, which is not yet 

really relevant for 3D printing. But it patents are used for small parts which can be printed 

and assembled to form a larger patented product. For example when you print out a spare 

part for a washing machine for repair purposes, it is not an infringement. Patent holders 

cannot enforce their patents when people print repair parts. In copyright it is also difficult to 

use it for enforcement purposes because copyright protects artistic works. What is printed 

today are mostly functional objects. Rather than artistic works. whistles, car keys, brushes, 

anything. When it does get complicated for copyright is when you print a copy but it is not 

similar enough. Something that does look like Mickey Mouse but is not Mickey Mouse there 

is this doubt whether it is infringing copyright or not. Court will point this out. Copyright law 

is vague about this. It should look close enough, but what is close enough. Design rights can 

protect everyday objects. They can be used for 3D printing. The issue here is that there is no 

infringement if the product is not used for commercial purposes. If you print something out 

covered by a design right for your own use, you are not infringing. Trademarks are the same. 

If you print a Coco Cola bottle for your own purposes, you can do so. Trademarks are only 

infringed in the course of trade. Basically, if you use your printer at home, there are not 

many ways to enforce IPRs. Copyrights are more for forms of art whereas design rights are 

more for functional everyday objects.  

Q4: Which industries are posed the biggest challenge to 3D Printing Technology according to 

your experience/research? 

A4: do you mean which industries are threatened? Interviewer: ‘Yes. To compare it to my own 

research.’ Interviewee: everything that has to do with plastics. Toys, etc. At the moment 

these are the cheapest printers and materials and require the least skill to produce them. 
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What are your findings? Interviewer: my findings are not final yet. However I found some 

stuff about prostheses made often from polymers which in a sense relates to plastics. I have 

also found clusters about semi-conductors, but at the moment this seems a little farfetched. 

I am still looking into it. But the technology does not seem far enough advanced. It seems 

possible to create patterns on circuit boards.  

Q5: Are there changes that should be made to the IPR system? 

A5: yes. But not specifically due to 3D.  

interviewer: could you elaborate on that?  

Mostly the length of copyrights are way too long. And the extension on the rights to 

recordings. It used to be 50 years. Grandchildren or people who have nothing to do with the 

family obtain these copyrights sometimes and it is not always clear whether these copyrights 

are used in a way as the original inventor has intended. Only financial profit instead of 

releasing it to the public domain. Many films cannot be digitalized because the copyright 

owners cannot agree on how much they want for it. There are books that cannot be turned 

into films or plays, because the copyright holders cannot agree on the terms. However, 

maybe the original creator wanted his name to be known.  

Q6: What opportunities are there for companies regarding their business models? 

A6:  did you read my paper about 3D and business models? I refer to this. It is only 20 pages. The 

key arguments are: business models are becoming flexible and it gives the possibility to do 

business model prototyping. So you try things out much easier. If you do manufacturing and 

you want to try a new design, it does not work it does not cost a lot of money. If you have a 

new design and want to see if it works, you do not have to order it in bulk in china. The 

investments of trial and error are minimal. And it is easier to try for new markets. You can 

print on demand. If no one buys it, you wasted time in the design but it is not a great loss in 

the retrospect of things. There is more about this in the paper ‘the impact of 3D printing …’. I 

will send it to you after the interview.  

Q7: Can you refer to some cases that show how IPR disputes concerning 3D printing are 

handled? 

A7:  a couple are the penroze triangle and the game of Throne Iphone holder. But most of the 

cases are dealt with seize and desist letters. It is not investigated whether actual 

infringement is there. Share-websites take stuff down. Industry seizes to sue. They have 

learned from the music industry. They send a letter and platforms take it down. We still have 

to see how it gets in the future. I do not see litigation as an option for small entrepreneurs. 

When small companies have patents, they do not sue large companies because they don’t 

have the money time and lawyers like the big companies.  

Q8: How can policy be directed to react to the challenges of incumbent firms?  

A8: if 3D printing is indeed a disruptive technology, then the players are going to be reshuffled 

anyway. So, do we need to do anything about it? It will be about competition in business 
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model innovation. There is a market working. It is about companies being able to adapt. I am 

not sure it will be sustainable, but there will be some disruption. That is for sure.  

Potential positive effects of 3D Printing Technology on creativity and innovation 

Q9: Would a patent system be beneficial for society in the future? 

A9: again there is this ongoing debate on whether we need IPRs or not. You could write a thesis 

on this on its own. But I think we do need it. The fact that we can do or know something 

does not mean that we should do it. There has to be a certain kind of log to prevent others 

from having to invent the wheel again. Perhaps a compulsory licensing, perhaps other ways 

but the fact that something is there does not mean that it has to be enforced. I do not see 

large issues in having the IPR system changed a bit. Having this system is a good idea 

essentially.  

Q10: Are there differences between the short and long-term effects of the emerging technology? 

A10:  yes. 3D printing might definitely disturb the plants. If people start to produce at home. 

enforcing does not make sense anymore. Going door to door. Diffusing makes more sense. 

Use this new market to diffuse innovation as opposed to enforce rights. Have other ways of 

deriving profit. People will use the technology and print at home. there is no way to stop it. 

Balance will be changed. If consumers become prosumers. If they print things at home, they 

will question the added value of the firms. What is your contribution to the production 

process?  

 Interviewer: if I understand correctly, you are saying that you should not fight the new 

technology but rather adapt to the new situation.  

 Yes. I have a colleague writing a paper about digital Aikido. By which he means that one 

should use the power of the opponent to your own advantage. You do not fight, but use the 

strength of the opponent. You do not fight consumers, they are your consumers. You do not 

want to hurt them too much. But reshuffle this energy towards you.  

Q11: Earlier in this interview, direct infringement issues were discussed. How should companies 

address indirect infringement: induced & contributory infringement in the light of 3D 

printing? Meaning the aiding and abetting another’s direct infringement or the sale of an 

artifact for use in practicing a patented process. 

A11: the fact that someone does not know that he infringes a patent does not really matter. 

Because intention and knowledge surmounting to infringement are irrelevant. Basically 

when an individual infringes, it does not matter if they wanted to or not. Also, it does not 

matter whether they know it is against the law or it is not against the law. They are 

infringing. If he is infringing, I am sorry to say that this is his own fault. The person is still 

liable. This is from a legal perspective. Not my own opinion as I am not that harsh. 

Interviewer: If I may, what about indirect infringement. Would it not be different for an 

actor whom enables one other’s infringement? 
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 No. there was this case about a hotel using Wi-Fi technology for which they did not have the 

license. The hotel was sued. There was no intention. They just bought a router. And did not 

think about that there would be an infringement issue. Still the hotel was sued for infringing. 

As they were making money off a technology that was infringing. However, there are a lot of 

‘buts’. Each case is individual. Also legal teams differ. There are cases that have a different 

outcome because of this while they were held in the UK and Germany. The same case, the 

same companies. But the judges ruled differently. So there is the law and the implication of 

the law. Even if you are unaware, you can be sued.  

Q12: What should policy be directed at long term? 

A12: in my opinion friend the licensing. There is this famous case of Game of Thrones. The 

individual creating the Iphone holder did ask for a license from HBO. He was refused. The design 

ended up on pirate bay and the individual said: ‘ok, what did you expect?’. Why on earth did they 

refuse? I could be about the brand name and the brand name being diluted. Companies argue that if 

there are too many things being produced with the same brand name, that the brand in the end is 

not strong enough. However, I can only speculate about that. As you can imagine, they did not 

license it but it was still being distributed via illegal channels. Whereas they could have easily 

prevented this. Today’s problem with 3D printing is not about intentionally or unintentionally 

infringing patents or copyrights. Even if they do have knowledge of the system. They are often 

refused. Otherwise there could be a market for it. You could look at a case like Zaps. A torrent-site 

that did not manage to achieve enough market as not enough people wanted to go through the 

bother of obtaining apps illegally. The difference between free and 0.99 dollar was not worth the 

trouble. Similarly, if you set the right prices, a lot of people will pay a small license fee. Just to have 

peace of mind.  
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Appendix 5: Comparison interview findings 
Q1: Which issues are there in regards to enforcement of IPRs? 

The results of this question were subdivided into two types of issues. One being ‘what kind of issue’ 

and the other; ‘On which IP are the issues focused?’ 

3D Printing Technology enables decentralized manufacturing of objects. There is a potential for users 

to use CAD files and print out objects that have IP attached to them. The main issue is that it is 

difficult to detect and target infringers. Next to that, individual users are not likely to commercialize 

their printed products (interviewee E, 2014). Whereas traditional competition does. Which makes it 

even more difficult to identify infringers.  

A consequence is that intermediaries are targeted by IP holders, because they are more easily found. 

Although, within the domain of Copyright, the Digital Millennium Copyright Act (DMCA) provides a 

safe harbor for actors that publish copyrighted material, by exempting them from liability after they 

remove the content when receiving a takedown notice. However, takedown notices might also be 

used in situations wherein it is not clear whether Copyright infringement is going on. There is no 

incentive not to oblige with the notice, so society might unrightfully miss out on creative content 

(interviewee A, 2014).  

Another issue concerns the sharing of CAD files. It becomes easy to copy and share designs with 

others. Patents and Trademarks have no history with this. A CAD file that will print a patented 

machine is not the same thing as one that prints a part of it (interviewee  D,2014). Legally, this issue 

makes it difficult to enforce the patent.  

Determining whether a CAD file contains a useful design or a copyright is an issue in general. 3D 

Printing makes it easier for consumers to create creative and utilitarian objects. Blurring the 

boundaries and testing infringement legislation.  

Q1: Which issues are there in regards to enforcement of 

IPRs? 

Issue Number of times mentioned 

Decentralization 4 

Takedown notice 

system 

2 

CAD sharing 1 

Blurring 

boundaries 

1 

 

Q2: are there other problems rising because of 3D Printing Technology than those of enforcement? 
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There is an issue of determining what is novel enough to qualify for an IP. Copyrights protect the 

exact expression a creation. 3D Printing makes it easy to reengineer (e.g. via 3D Scanning) a product 

and slightly change it. Also, patenting a new method within LS to produce an already known product 

but better (e.g. as it can be produced as one piece) is arguably not novel.  

Waste issues. When the public gets a tool to produce anything they prefer, a lot of waste will be 

produced. Many of today’s printed materials are oil-based, which is bad for the environment. 

Furthermore, a potential boost in oil-based materials due to mass adoption of the technology, is bad 

for the environment to begin with (interviewee B, 2014).  

Safety and liability issues will arise, because it is difficult to determine whether the designer, the 

manufacturer, the intermediary sharing the file is to blame when something goes wrong.  

Concerning Trademarked goods, personalization could delude a brand’s image. When everyone can 

create their own items while using other’s brand name as a status symbol, a lot of items will be 

produced with which the brand owner does not want to be associated with (interviewee D).  

Cost and entry barriers are widespread. This is a problem in general. Because the technology is 

relatively new, patents that are applied for today might not be used for a lot of years to come as 

there are few competitors in the market. The first couple of years of the monopoly are then wasted.  

Q2: Are there other problems rising because of 

3D Printing Technology than those of 

enforcement? 

 

Issue # times mentioned 

Novelty 2 

Safety & Liability 3 

Waste 1 

Personalization 1 

Cost & Entry barriers 1 

 

Q3: are the challenges posed by 3D Printing Technology to the IPR system different per type of 

IPR? (Trademarks, Patents, Industrial Designs and Copyrights).  

CAD file protection 

The challenges to copyrights are going to be very similar to the ones that surfaced in the music and 

film industry (interviewee C, 2014). However, a new challenge within the domain of Copyrights is 

that the technology provides a tool to work around the protection, as only the exact same copy of a 

design is copyrighted. CAD files can be adjusted only slightly to get around them. Copyright can still 

be protected here via the concept of ‘Derivative works’. This challenge is similar for Design Rights. 
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The digital representation of the utilitarian aspects of objects are not protected at all. This is a 

difficulty for patent protection. The Copyright system is thus more advantageous in the near term. 

DMCA abuse 

Although the DMCA legally solely is recognized for Copyrights, there are cases in which the 

takedown notices are also issued by companies to address Patent, Trademark & Design Right 

infringement (Interviewee …, 2014). Many people do not know this and have little incentive to 

oppose a takedown notice. Content is removed, making it unavailable for society whereas no 

objective assessment of the rights has taken place.  

Dilution of value 

Concerning Trademarks, challenges have to do with two types of issues. Firstly, 3D Printing enables 

users to put other’s brand logos on products that are not the company’s, resulting in a loss of control 

over their products, ultimately diluting the value of the brand to Trademark holders. Secondly, there 

is the issue of maintaining the distinctiveness of the Trademark. Users could strip-off the logo and 

print similar products with a trademarked concept or shape in it. Then it is not possible to identify 

the source of the concept or shape and it will not be associated with the Trademark anymore. It 

becomes generic. The holder will lose registration. Furthermore, There is no trademark infringement 

when someone prints out a trademarked good for personal use. It is used in the course of trade. 

Scope of Protection 

As it becomes easier to create spare parts, a major issue concerns the scope of patents. When a 

machine is patented, in which the individual parts are not patented, a user might want to replace 

certain parts of the machine. The question arises whether the user is reasonably replacing parts or if 

he is creating the patented machine again. 

Issue Copyrights Patents  Trademarks Design Rights # times 

mentioned 

CAD file 

protection 

½ x x ½ 4 

DMCA abuse X x x x 1 

Dilution value   x  4 

Scope of 

protection 

 x   3 

 

Q4: Which industries are posed the biggest challenge to 3D Printing Technology according to 

your experience/ research? 

Consumers 

The 3D Printing technologies that is available today are mostly used by Do-it-yourselfers in small 

scale in niche markets. It has not yet developed to a technology that enables users to push single 
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button and an object comes out (interview C). It requires some skill to operate them. These printers 

are able to print relatively simple plastic mechanical devices that are non-load bearing. one could 

think of toys, (collectable) figurines and replacement parts. At the moment the toys industry, large 

film companies and replacement part industries are affected. 

Business 

There are several companies within the automotive and airspace industry that have embraced the 

technology. These companies use it for creating products like fuel injector valves and replacement 

parts. Especially these industries are greatly affected by the technology because there is this 

pressure to maximize the fuel economy (Interview E, 2014). 3D Printing enables lighter and simpler 

products with less components.    

Q: Which industries are posed the biggest 

challenge to 3D Printing Technology according 

to your experience/ research? 

 

Replacement part industry 5 

Automotive industry 2 

Airspace industry 1 

Toy industry 4 

 

Q5: Are there changes that should be made to the IPR system? 

Shorten copyright term 

The term for copyrights have increased over the years. It is argued that there is not much proof that 

copyright really stimulates creativity. The current copyright regime enables for others than the 

original creator to own the copyright. Compensating others rather than the original creators. This 

leads to waste of benefits for society in terms of creativity, as a long period of time the culture, 

knowledge and .  

Fair use 

fair use doctrine enables usage for the purpose of research & study, criticism & reporting and others. 

It is argued that more exceptions should be made in other to enable society more content. Both for 

copyrighted and patented material.  

 

Innocent infringers 

within the current IPR system, indirect infringers are liable. However, due to digitalization, material 

protected by IP is shared faster and more easily than before. It is suggested that reform should focus 

on a system that exempts truly innocent indirect infringers, because their harm is often done after 

they have shared content. Without them knowing of the IP.  

Codify digital representation into IP 

There is a gap in basic protection (interview E). Both the printed object and the CAD file are of value. 
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These are the files that will be shared a lot. However, excluding copyrights, currently only physical 

objects are protected. It is suggested that the IPR system should embrace fact that designing is done 

mostly digitally and thus IPRs will largely be embodied in a digital domain. Digital representations of 

objects should be codified into IP as well.  

Change # times mentioned 

Shorten copyright term 2 

Fair use (patents & copyrights) 1 

Innocent infringement system 1 

Codify digital representation into IP 1 

 

Q6: What opportunities are there for companies regarding their business models? 

Licensing & collaboration 

Companies can choose to proactively enable users to create their own safe & quality items by 

providing customer add-ons. Next to that, a company can license creations from users. This helps 

avoid liability issues and promotes fan-art. The idea here is to ensure a certain degree of quality and 

control over the company’s products and image. This enables companies to exploit the patent or 

make accessories with trademarks as problems concerning inferior quality and liability issues might 

surface. By offering approved products themselves they can solve these problems (Interviewee A, 

2014). 

Research & Development (R&D) 

3D Printing provides firms a tool to more easily find out whether a product is feasible, because it can 

be manufactured faster & cheaper. 

Provide CAD files 

The technology provides firms the opportunity to provide CAD files of replacement parts.  

Increased reach 

3D Printing enables firms to more cost effectively create and manufacturer due to lower fixed costs.. 

It will become cheaper to try out new designs and cheaper to offer customization of products, 

opening up new markets. Also, the technology can manufacture products that consist of less 

components, which is an asset over other technologies.   

Opportunity # 

Licensing & Collaboration 4 

Research & Development 2 

Provide CAD files 1 
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Increased Reach 1 

 

Q7: can you refer to some cases that show how IPR disputes concerning 3D Printing are 

handled? 

Like any high-tech industry, there are the traditional disputes between manufacturers of 3D Printing 

machines concerning the technology itself. Moral disputes concerning Makerbot going from open to 

closed source. Disputes concerning the DMCA.  

HBO and Tintin people issued takedown notices. However, both are still available on the internet.  

Type of dispute # times mentioned Topic How 

resolved? 

‘Traditional’ Firm vs Firm 4 Several Several 

Firm vs User 4 HBO GoT IPhone Docking 

station 

Takedown 

Firm vs Intermediary 2 Rocketship TinTin Takedown 

User vs Intermediary 3 Penrose Triangle Licensed 

User vs User 0 / / 

 

Q8: How can policy be directed to react to the challenges of incumbent firms? 

Expand (copyright) protection, creating a special copyright crime law that implies copyright 

infringement by 3D printers or expand the scope of copyright, protect more useful objects or 

designs.  

Restricting usage of the technology via licensing or other means. Allow usage of printers only with a 

license. Similar to gun regulations. This was born out of a moral fear for dangerous objects 

(Interview A,2014). Reduce the scope & terms of IP. In general, the terms for copyrights are long. 

Next to that, 3D Printing will ultimately lower the costs of production. The IPR system is there to 

recoup investment. If the cost and risks of inventing were cut in half, we would only need a half as 

strong IPR system. One way to do this is to cut the monopoly duration in half (interviewee D,2014).  

Do not react and let the market go its course. Protect the CAD files. Some experts go even further as 

say that the scope & terms of IP should be reduced all together.  

Q8: How can policy be directed to react to the challenges of incumbent firms? 

Solution # 

Expand (copyright) protection  
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Licenses for 3D Printers  

Reduce scope & terms of IP 3 

Do not react to changes 3 

Protect CAD files  

 

Q9: would a patent system be beneficial for society in the future? 

Many actors have invested in the patent system. However, there are ways in which the patent 

system can be improved. Charles Duan has provided a 5 steps program.  

Production costs will likely only be reduced in those areas that 3D Printing significantly impacts 

(interviewee D, 2014). The IPR system still incurs the recuperation of costs & risks. Furthermore, new 

technologies tend to open up new avenues for innovation that are still expensive (interviewee D, 

2014). 3D Printing technology lowers the costs of inventing and copying, which will make it more 

difficult to recoup innovation costs.  

For the public to get the full benefit for their creative efforts, the public has to actually receive the 

full scope of the knowledge associated with those technologies. The patent system does this very 

well by requiring very detailed disclosure of ideas. without a system requiring this, new knowledge 

might not be accessible, because there would be no requirement or procedure to obtain the full 

scope of the technology (interviewee E, 2014). It prevents others from having to invent the wheel 

again (interviewee F, 2014).  

Q9 # 

Yes 6 

No  

 

Q10: Are there differences between the short and long-term effects of the emerging technology? 

Short-term 

In the short term the technology is potentially useful for users in rural areas, because they have to 

travel long distances to buy the (plastic) products they need. For now the technology is relatively 

expensive in comparison with traditional means for manufacturing and not accessible for the major 

public. Incumbents play a big role in how much the law should enable monopolies. The way in which 

legislation will treat IP will have a significant effect on the implications of the technology in the long 

term. From the perspective of patent law, developments in technological areas will be blocked for 20 

years. 3D Printing has been developed in the 80s whereas it only now becomes available for the 

public because the base-line technology has moved into the public domain. In the short term, 

pioneers in this field today develop technologies that are currently used by very few people in the 
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near future. So there is a lot of investment in technology and very little return for quite some time 

(interviewee E, 2014). A critical mass is needed before the technology becomes financially viable.  

Long-term 

Energy prices will rise, and so will shipping costs, etc. making 3D Printing more cost efficient 

(interviewee A, 2014). 3D Printing will disturb existing fabrication paradigm. There will be a lot of 

adoption in the next 20 years, but a critical mass is needed to make it financially viable (interviewee 

D). Enforcing does not make sense anymore, rather diffusion of new business models (interviewee E, 

2014). Consumers will become prosumers.  

Q11: How can companies address indirect infringement in the light of 3D Printing? Meaning the 

aiding and abetting of another’s direct infringement or the sale of an artifact for use in practicing a 

patented process.  

Takedown notices 

Experience has learned that it is fruitless to sue the individual (interviewee B, 2014). Concerning 

Copyrights, a firm could issue a takedown notice, requesting the supposed infringer to stop 

publishing the IP.  

Awareness 

With CAD file sharing there is at least a potential to say that indirect infringement in going on. 

However, this is difficult to prove, as one has to show that the indirect infringer knew that by 

distributing the CAD file, a person printing it would actually infringe (Interviewee E, 2014). Firms 

could address this issue by making people aware that their products are patented by embedding the 

patent number into the design.  

Q11: How can companies address indirect 

infringement in the light of 3D Printing? 

 

Action # times mentioned 

Takedown notices 3 

Awareness 1 

 

Q12: what should policy be directed at long-term? 

Encourage Innovation 

The general theme is to act with caution. It is important to encourage innovation and try not to stifle 

it. Act based on evidence, not in future perspectives. Be careful about granting monopolies and give 

the technology room to grow. Two types of action are suggested. Reduce the scope of Copyrights 

and make it more difficult to patent. The U.S. patent office has reached an all-time high of patent 

grants in 2014 (interview E, 2014). These are often only small incremental improvements upon 

existing technology. making it more difficult to obtain a patent could ensure fewer monopolies. 

Which in turn would increase the useable content of society. Cases from the past could be used to 

determine whether knowledge is truly new. Doing something that already exists with plastic is 
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arguably not novel. Furthermore, the abuse of takedown notices has a ‘chilling effect’ on creative 

content. A tool to reduce the incentive for abuse could be to increase the penalty for issuing an 

illegitimate takedown request.  

Harmonization 

making terms more similar and enable fair use at more places.  

 

Q12: What should policy be directed at long 

term 

# times mentioned 

Encourage innovation 4 

Harmonization 1 
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Appendix 6: Results occurrence analysis on all three IPC levels 
For both datasets the relevant technology fields were mapped based on the entire IPC, IPC part I and 

IPC part II. To provide an in-depth analysis, the results are presented in a way so that the relevant 

technology fields in both datasets can be compared with each other. Because there are many 

different IPC codes occurring in the dataset, a comparison was made on the basis of the top 10 most 

occurring technology fields. This appendix starts out with a comparison of the most frequent IPC 

codes in both datasets respectively based on IPC part II, part I and the entire IPC codes. Then, the 

hierarchy of the IPC classifications is discussed.  

Comparison of dataset on the basis of single technology fields 

IPC part II 

At the most basic level of the IPC analysis, the following Table 25 represents the technology fields of 

both datasets. Table 26, summarizes the content of Table 25. In total, The table shows a total of 15 

different technology fields in column one. The second and third column show the frequencies of IPCs 

occurring in both datasets. The red numbers represent technology fields that fall outside of the top 

10 of IPCs for that dataset. The fourth and fifth column show the percentage of representation out 

of the total number of IPCs within both datasets.  

IPC part II 3D printing  External % in 3D printing % in external 

B29C 3042 4633 10,9% 2,8% 

H01L 1306 18464 4,7% 11,1% 

A61C 1090 3309 3,9% 2,0% 

G03F 901 4739 3,2% 2,8% 

G06F 857 3531 3,1% 2,1% 

C08F 838 3744 3,0% 2,2% 

B22F 729 1619 2,6% 1,0% 

C08G 721 2776 2,6% 1,7% 

B32B 680 3494 2,4% 2,1% 

A61F 619 5339 2,2% 3,2% 

A61K 604 6219 2,2% 3,7% 

A61B 558 6376 2,0% 3,8% 

G01N 359 4864 1,3% 2,9% 

A61L 338 3780 1,2% 2,3% 

Total 12642 72887 45,24% 43,72% 

Table 25: Comparison top 10 3D printing & External technology fields at IPC part II level 

Together the codes represent 24,3% of the 3D printing technology fields and 23,2% of the External 

dataset. 45,3% of all technology fields within the 3D printing dataset is found in the top 10 most 

occurring IPC codes. 43,7% of technology fields in the External dataset. 

# IPC where? Meaning 

1 B29C Both SHAPING OR JOINING OF PLASTICS or substances in plastic-like state 

2 H01L Both SEMICONDUCTOR DEVICES; ELECTRIC SOLID STATE DEVICES NOT OTHERWISE PROVIDED FOR 

3 A61C Internal DENTISTRY; ORAL OR DENTAL HYGIENE 
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4 G03F Both PHOTOMECHANICAL PRODUCTION OF TEXTURED OR PATTERNED SURFACES 

5 G06F Both ELECTRIC DIGITAL DATA PROCESSING 

6 C08F Both MACROMOLECULAR COMPOUNDS OBTAINED BY REACTIONS ONLY INVOLVING CARBON-TO-

CARBON UNSATURATED BONDS 

7 B22F Internal WORKING METALLIC POWDER; MANUFACTURE OF ARTICLES FROM METALLIC POWDER; 

MAKING METALLIC POWDER 

8 C08G Internal MACROMOLECULAR COMPOUNDS OBTAINED OTHERWISE THAN BY REACTIONS ONLY 

INVOLVING CARBON-TO-CARBON UNSATURATED BONDS 

9 B32B Internal LAYERED PRODUCTS 

10 A61F Both FILTERS IMPLANTABLE INTO BLOOD VESSELS; PROSTHESES; ORTHOPAEDIC, NURSING OR 

CONTRACEPTIVE DEVICES; FOMENTATION; TREATMENT OR PROTECTION OF EYES OR EARS; 

BANDAGES, DRESSINGS OR ABSORBENT PADS; FIRST-AID KITS 

11 A61K External PREPARATIONS FOR MEDICAL, DENTAL, OR TOILET PURPOSES 

12 A61B External DIAGNOSIS; SURGERY; IDENTIFICATION 

13 G01N External INVESTIGATING OR ANALYSING MATERIALS BY DETERMINING THEIR CHEMICAL OR PHYSICAL 

PROPERTIES 

14 A61L External METHODS OR APPARATUS FOR STERILISING MATERIALS OR OBJECTS IN GENERAL 

Table 26: Explanation of top 10 IPC part II 

Several things can be said about the technology fields while assessing the IPC codes of the patent 

families from both datasets. Within both datasets, the technology field that concerns the shaping 

and joining of plastics was found. This was IPC is occurring the most in within the 3D printing 

dataset. The technology field that concerns semi-conductor devices was also found in both datasets. 

Within the External dataset, this one was assigned the most. Other IPC codes that were found in 

both datasets are Photomechanical production of surfaces, digital data processing and implants like 

prostheses and filters. Dentistry, manufacturing with metallic powders and layered products were 

only found in the 3D printing dataset. In the External dataset, the preparation for medical or dental 

purposes was found. So were the classifications ‘Diagnosis, Surgery and Identification, property 

analysis of materials and methods for sterilizing materials. 

IPC part I 

The following Table 27 represents the technology fields based on IPC occurrences at one level more 

specific than the most basic technology sections. The table shows a total of 17 different technology 

fields in column one. The second and third column show the frequencies of IPCs occurring in both 

datasets. Again, the red numbers represent technology fields that fall outside of the top 10 of IPCs 

for that dataset. The fourth and fifth column show the percentage of representation out of the total 

number of IPCs within both datasets. Together the codes represent 24,3% of the 3D printing 

technology fields and 23,2% of the External dataset.  

IPC Part I Internal External percentage 

internal 

percentage 

external 

G03F-007 844 4491 3,0% 2,7% 

B29C-067 842 1211 3,0% 0,7% 

H01L-021 696 8797 2,5% 5,3% 

B29C-035 668 488 2,4% 0,3% 
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B29C-041 543 260 1,9% 0,2% 

A61F-002 482 4383 1,7% 2,6% 

B22F-003 468 913 1,7% 0,5% 

C08F-002 418 1122 1,5% 0,7% 

G06F-019 413 771 1,5% 0,5% 

B23K-026 378 1364 1,4% 0,8% 

H01L-023 288 2893 1,0% 1,7% 

A61L-027 235 2252 0,8% 1,4% 

A61B-017 220 2834 0,8% 1,7% 

A61B-005 138 1659 0,5% 1,0% 

H01L-029 62 2284 0,2% 1,4% 

G02F-001 49 1624 0,2% 1,0% 

G01N-033 34 1390 0,1% 0,8% 

Total 6778 38736 24,3% 23,2% 

Table 27: Comparison top 10 3D printing & External technology fields at IPC part I level 

Linked to the above, the following Table 28 shows the most occurring IPCs with their respective 

assigned technological field. The first 10 IPCs in the list are all found in the top 10 of the 3D Printing 

dataset. Addressing the technology fields more precisely, the photomechanical production of 

surfaces is the most occurring within the 3D printing dataset and is also found in the External 

dataset. The technology fields that are concerned with the manufacture or treatment of semi-

conductors and implants like filters and prostheses are found in both datasets. plastic and metallic 

manufacturing are well represented by five IPC codes within the 3D printing dataset. Within the 

External dataset, mainly prostheses, semi-conductor treatment, surgical instruments, measuring and 

motion control are found.  

#    

1 G03F-007 Both Photomechanical, e.g. photolithographic, production of textured or 

patterned surfaces 

2 B29C-067 Internal Shaping techniques of plastics not covered by groups 

3 H01L-021 Both Processes or apparatus adapted for the manufacture or treatment of 

semiconductor or solid state devices 

4 B29C-035 Internal Apparatus for heating/ cooling / crosslinking plastics 

5 B29C-041 Internal shaping plastics by depositing material and stripping-off the article 

6 A61F-002 Both Filters implantable into blood vessels; Prostheses 

7 B22F-003 Internal Manufacture of workpieces or articles from metallic powder 

characterised by the manner of compacting or sintering 

8 C08F-002 Internal Processes of polymerisation of MACROMOLECULAR COMPOUNDS 

OBTAINED BY REACTIONS ONLY INVOLVING CARBON-TO-CARBON 

UNSATURATED BONDS. 

9 G06F-019 Internal Digital computing or data processing equipment or methods 

10 B23K-026 Internal soldering. Welding, cladding, plating by applying heat locally. Working by 

laser beam 

11 H01L-023 External Details of semiconductor or other solid state devices 
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12 A61L-027 External Materials for prostheses or for coating prostheses 

13 A61B-017 External Surgical instruments, devices or methods 

14 A61B-005 External Measuring for diagnostic purposes 

15 H01L-029 External Semiconductor devices adapted for rectifying, amplifying, oscillating, or 

switching 

16 G02F-001 External Devices or arrangements for the control of the intensity, colour, phase, 

polarisation or direction of light arriving from an independent light 

source 

17 G01N-033 External investigating or analysing materials by determining their chemical or 

physical properties 

Table 28: Explanation top 10 IPC part I 

Entire IPC 

The following Table 29 shows the IPC frequencies at the most precise level. A total of 17 

classifications is found while comparing the top 10 of both datasets. In the first column the IPC codes 

representing the technology fields are found. These are the top 10 most occurring IPCs. The second 

and third column show the frequency of their occurrence within the dataset. The numbers in red are 

those that fall outside of the top 10 most occurring IPCs for that dataset. The fourth and fifth column 

give a representation of the IPC occurrence in relation to the total number of IPCs in percentage. The 

combined top 10 of IPCs represent 12,6% of the 3D Printing dataset and 6,0% of the External 

dataset. The percentages shown in the table a relatively low. This is because the percentage is based 

on the absolute number of IPC codes, whereas a patent family can have several codes assigned to it. 

IPCs 3D 

printing 

external % 3D 

printing  

% External  Size/# 

families (3D 

printing ) 

Size/ # 

families 

(external) 

B29C-067/00 673 996 2,4% 0,6% 15,5% 4,0% 

B29C-035/08 497 365 1,8% 0,2% 11,5%  

G06F-019/00 412 763 1,5% 0,5% 9,5% 3,0% 

B29C-041/02 323 18 1,2% 0,0% 7,4%  

A61C-003/00 196 35 0,7% 0,0% 4,5%  

G06F-017/50 186 496 0,7% 0,3% 4,3%  

B22F-003/105 186 388 0,7% 0,2% 4,3%  

C08F-002/46 165 438 0,6% 0,3% 3,8%  

B23K-026/00 165 412 0,6% 0,2% 3,8%  

H01L-021/02 132 1655 0,5% 1,0% 3,0% 6,6% 

G03F-007/00 115 547 0,4% 0,3%  2,2% 

G03F-007/20 113 629 0,4% 0,4%  2,5% 

G03F-007/004 99 694 0,4% 0,4%  2,8% 

A61L-027/00 84 649 0,3% 0,4%  2,6% 

H01L-021/00 81 847 0,3% 0,5%  3,4% 

H01L-023/48 62 578 0,2% 0,3%  2,3% 

H01L-021/027 30 573 0,1% 0,3%  2,3% 

Total 3519 10083 12,6% 6,0% 67,6% 31,5% 
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Table 29:Comparison of top 10 3D printing & External technology fields at entire IPC level 

15,5% of all patent families are classified for plastic ‘Shaping techniques that are not covered by 

groups’. In 11,5% of the cases the patent family also involves the heating of plastics ‘by wave energy 

or particle radiation’. Third comes digital computing in 9,5% of the patent families. Fourth, the 

‘making of discrete plastic articles’ with 7,4%. After that, the shares lower to 4,5% for dental 

instruments, 4,3% for computer aided designs (CAD), ‘manufacturing of metallic powders’ with 4,3%, 

‘Polymerization initiated by wave energy or particle radiation’ in 3,8% of the cases. The latter can be 

used in stereo-lithography. Analysis of the IPC frequencies shows that plastic joining & shaping by 

means of wave energy or particle radiation, Laser Sintering of metallic powders and Stereo-

Lithography are well represented technologies in the IPC classification system. Furthermore, dental 

instruments and codes that involve the treatment of semi-conductor devices occurs often. In total, 

the top 10 IPC codes is used for 67,6% of the patent families. 

The classifications in the External dataset are slightly more scattered. ‘The manufacture or treatment 

of semi-conductors’ is found in 6,6% of the patent families. Relatively, there are less patent families 

that encompass technology for the ‘shaping of plastics that are not covered by groups’, although it is 

still found in the top 10. Digital data processing is found in 3% of the cases. Photosensitive materials 

are found 2,8% of the times. 2,6% of the observations concern a classification for prostheses, 2,5% 

photomechanical exposure devices. 2,3% concern electric conducting arrangements. 2,3% of the 

families concern photolithographic processing not provided for in other IPC codes and 2,2% of the 

cases the classification for ‘Photomechanical production of textured surfaces’ is assigned to the 

family. In total, 31,5% of the patent families contain these IPCs. When assessing the data provided 

by the IPC frequencies, one can think of (Stereo) lithography processes, plastic shaping, digital 

computing and prostheses. 

The following Table 30 summarizes the most occurring technology fields that were presented above 

and combines it with their assigned Technology Field. Plastic shaping, digital computing and the 

treatment of semi-conductors was found in both datasets. within the 3D Printing dataset, also 

dentistry tools,  

# IPC Represented Meaning 

1 B29C-067/00 In both  Plastic shaping techniques not covered by groups 

2 B29C-035/08 Internal Devices for heating plastics by wave energy or particle radiation 

3 G06F-019/00 In both Methods for digital computing/processing data 

4 B29C-041/02 Internal Apparatus for shaping by depositing plastic material 

5 A61C-003/00 Internal Dentistry tools or instruments 

6 G06F-017/50 Internal Equipment for computer aided designs for digital computing 

7 B22F-003/105 Internal Apparatus for sintering out of metallic powders with electric current/ 

laser/ plasma 

8 C08F-002/46 Internal (Preperation of) organic macromolacular compounds 

9 B23K-026/00 Internal Metal workings fabricated by local heating (laser) 

10 H01L-021/02 In both Manufacture/treatment of semiconductor devices or parts thereof 

11 G03F-007/00 External Materials for lithography 

12 G03F-007/20 External Apparatus for exposure to lithography 
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13 G03F-007/004 External Photosensitive materials for lithography 

14 A61L-027/00 External Methods/devices for sterilizing prostheses (or coatings thereof) 

15 H01L-021/00 External Processes or apparatus for the manufacture or treatment of 

semiconductor or solid state devices or of parts thereof 

16 H01L-023/48 External Conducting electric current to or from solid state body in operation  

17 H01L-021/027 External Making masks on semiconductor bodies for lithography 

Table 30: Explanation of top 10 technology fields of the entire IPC codes 

Hierarchy of single IPCs 

3D printing dataset 

Figure 21 depicts an image of the most occurring IPCs that were found in the 3D printing dataset. 

The first five columns show the specific Technology fields. The sixth column gives the cumulative 

percentage per IPC level.  

A B C G H

B29C
B22F
B32B

A61C
A61F

A61F-002 H01L-021

H01L
G03F
G06F

C08F
C08G

B29C-067
B29C-035
B29C-041
B22F-003
B23K-026

C08F-002
G06F-019
G03F-007

B29C-067/00
B29C-035/08
B29C-041/02
B22F-003/105
B23K-026/00

G06F-019/00
G06F-017/50

H01L-021/02C08F-002/46A61C-003/00

96%

39%

21%

11%

 

Figure 21: Technology fields found in 3D Printing dataset 

The figure shows that the 3D printing technology dataset mainly contains the technology sections A, 

B, C, G and H. The A section is classified for human necessities. Within this section, the most basic 

level of the IPC code is found. A61C and A61F represent appliances within healthcare. More 

specifically, Dentistry and implants. Going deeper into the chart, materials for prostheses pop up. 

And at the most precise level of the IPC code, dentistry tools are found. 

Section B is the most represented within the dataset. At the first hierarchical level, B29C is directed 

to cover patents that concern the shaping or joining of plastics. Going deeper into the tree, it 

becomes apparent that these patents are mainly about thermoplastic shaping of (metallic) powder. 

This can thus either concern Laser Sintering or Three-Dimensional Printing as described in the 

Technology Review of this report.  At the most precise level of the technology section, the same 

cluster is found.  

At the least specific level of the Chemistry & metallurgy a Technology Field consisting of components 

was found. A more specific search leads to IPCs concerning Polymerizable compounds. At the most 

specific level, organic macromolecular compounds were found. G03F and G06F represent 
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photomechanical production of surfaces and digital processing. Zooming in deeper on the 

Technology section, methods for digital computing and equipment for computer aided designs are 

found. H01L is classified as Semi-conductor devices and electric solid state devices not otherwise 

provided for. A closer look reveals that the IPCs concern processes or machines adapted for the 

treatment of semi-conductors. The deepest technology field found, concerns the manufacture/ 

treatment of semi-conductor devices or parts thereof. 

External dataset 

Figure 22 shows the most occurring technology fields in the External dataset.  

A B C G H

A61F
A61K
A61B
A61L

B29C C08F
G03F
G06F
G01N

H01L

H01L-021
H01L-029
H01L-023

A61F-002
A61B-005
A61B-017
A61L-027

B29C-067/00

G06F-019/00
G03F-007/004
G03F-007/20
G03F-007/00

H01L-021/02
H01L-021/027
H01L-023/48
H01L-021/00

G03F-007
G01N-033
G02F-001

A61L-027/00

94%

37%

20%

5%
 

Figure 22: Most occurring IPC codes in External dataset 

The A section is about Human necessities. More specifically, it contains IPC codes that concern the 

preparation of medical equipment, but also implants. Zooming in deeper in the tree, IPCs concerning 

prostheses and materials therefore, and (measuring) instruments are found. The most specific often 

occurring IPC is about methods or devices for sterilizing prostheses.  

B29C is about the shaping and joining of plastics via ways not covered by conventional technology 

groups. Macromolecular compounds, digital data processing, Photomechanical (Lithographic) 

production of surfaces and analyzing materials are present. More specific inquiry also leads to 

devices that control the parameters of light sources. The most specific Technology Fields within 

section G concerns materials and machines for lithography. Semi-conductor devices. Methods for 

creating their masks and the manufacture or treatment of semi-conductors. 

Comparison datasets 

A comparison of the technology fields found in both datasets is interesting, because it is useful to 

know to what extend the 3D printing dataset actually covers relevant data. It could be that there are 

patent families within the External dataset that should actually be in the 3D Printing dataset. 
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Figure 23: Most occurring IPC codes in both datasets 

The Technology fields found in both datasets are implants like filters and prostheses. Shaping or 

joining of plastics and those not covered by existing groups. Macro molecular compounds. 

Photomechanical (lithographic) production of surfaces and digital data processing. The treatment 

and manufacturing of semi-conductor devices. The last one can concern materials used in both SLA 

and traditional lithography. 
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Appendix 7: Results Co-occurrence analysis at all IPC levels 
The Co-occurrence analysis is aimed at identifying the technological areas of 3D printing technology 

and the technological areas that are disrupted by the technology. The amount of IPC codes was 

chosen so to keep the data manageable. Matrices were created for all three different lengths of the 

codes, resulting in six co-occurrence matrices. When a cluster was found, a search was performed 

within the respective dataset based on the combination of IPC codes in the cluster to find all patents 

that encompass the combination of IPCs. A word count analysis based on the patent abstracts was 

performed to identify the topics of all clusters. This paragraph gives a summary of the clusters that 

provide useful information. For the purpose of recall and precision, the results of both datasets are 

compared with each other.  

Within the 3D printing technology dataset, in total 14 clusters were generated by assessing the co-

occurrences among the entire IPC codes. Together they account for 6,71% of the patent families in 

the 3D Printing dataset. 5 clusters were generated while assessing the technology sub-classes of the 

IPC codes. Together, they account for 6,9% of the patent families in the dataset. At the technology 

class level, 5 clusters were found. In total, 1,9% of the patent families is represented by these 

clusters. 

3D printing technology dataset clusters 

Within the 3D printing technology dataset, in total 14 clusters were generated by looking at co-

occurrences among the entire IPC codes. 5 while assessing the sub-classes (IPC I) and 5 clusters using 

the technology class (IPC part II). This paragraph summarizes the results and assesses what these 

clusters represents. The results of the clustering are presented via two tables per IPC specification 

level. All clusters were used in search queries on Derwent in an attempt to use the clusters as a tool 

to search for patents that its title represents. Every second table within this paragraph has a column 

that elaborates on whether it is possible to find 3D Printing patents on the basis of its clusters. A 

‘YES’ indicates that it is useful are a search query, whereas ‘NO’ means the opposite. ‘MAYBE’ 

indicates that the same amount of patents were found using the query in a search as the amount of 

patents that were found within the dataset. As of this moment, it is not possible to check whether 

the query find the exact same patents that it indicates in its title as it could be that more patents are 

added to the total dataset that do not concern what the title implies. However, they could possess 

the same combination of IPC codes. Therefore it is not yet possible to tell whether the cluster is 

useful as a query. 

Entire IPC code 

From the Castle Island dataset, 14 clusters were generated from analysis of the entire IPC. The 

clusters are categorized on the basis of the technological relatedness of the individual IPC codes. 

Table 31 shows the clusters that were found. 

Cluster 

# 

Categor

y 

IPC combination    

1 2 A61F-002/28 A61F-002/30 A61L-027/00  

2 4 B29C-067/00 B29C-035/08 B29C-041/02 G06F-017/50 G06F-019/00 
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3 3 B22F-003/10; B22F-003/105 B23K-026/00 B23K-026/34 

4 1 B29C-067/04 B29C-067/00 B29C-035/08  

5 3 B22F-003/105 B29C-067/00 B22F-003/10; B29C-067/04 B29C-035/08 

6 1 B29C-067/04 B29C-067/00 B29C-035/08 B29C-041/02 

7 4 A61C-003/00 G06F-017/50 G06F-019/00  

8 4 G06F-017/50 G06F-019/00 B29C-067/00  

9 4 C08J-003/28 B29C-067/00   

10 4 G03F-007/004 G03F-007/029 G03F-007/031 C08F-002/46 

11 4 C08F-002/50 G03F-007/028 G03F-007/038 G03F-007/00  

12 1 G03F-007/004 G03F-007/029 G03F-007/031 G03F-007/00; 

13 4 G03F-007/004 G03F-007/029 G03F-007/031 C08F-002/50 

14 4 C08F-002/50 G03F-007/004 C08F-002/46  

Table 31: Clusters in entire IPC within 3D printing dataset 

Cluster 4,6 & 12 clusters were generated that consist of IPCs that fall within the same technology 

field group. Cluster 1 combines different Technology classes. Cluster 5 combines different sub-

sections and 8 clusters combine different Technology Sections. 

The following Table 32 gives meaning to the clusters that were found. In the first column, the 

number of the cluster is presented. This number corresponds with the cluster numbers in Table 31. 

The second column gives a title to the respective clusters. The third column elaborates on whether 

the combination of IPCs is useful for patent searches. 

Cluster # Cluster Represents Useful as query? Size 

1 (materials for) bone implants or dental applications NO 0,28% 

2 SLA method for 3D Printing MAYBE 0,14% 

3 LS or SLA Devices YES 0,23% 

4 LS or SLA methods, materials and devices YES 0,42% 

5 Controlling and preparations for LS YES 0,14% 

6 LS or SLA methods and alternative methods such as creating negative molds YES 0,25% 

7 Digital modeling, (re)positioning & manufacturing teeth/ jawbones for 

communication purposes via 3D Printing 

NO 0,18% 
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8 General additive manufacturing that need CAD files or records images itself YES 0,76% 

9 Powders & liquids for lithography NO 1,59% 

10 Components for photosensitive compositions NO 0,95% 

11 Polymerizable compositions for lithography NO 0,14% 

12 Polymerizable compositions for lithography NO 0,21% 

13 Components for photosensitive compositions NO 0,25% 

14 Photosensitive compositions NO 1,18% 

Total   6,71% 

Table 32 :Explanation of 3D Printing clusters based on entire IPC 

Within the 3D printing dataset, clusters were found that represent ‘Bone implant or dental 

applications’, (combinations of )‘Laser Sintering (LS) and Stereo-Lithography (SLA), ‘methods for 

positioning and modeling teeth’, a cluster for general 3D Printing Technology and materials for 

lithography. In total, the clusters represent 6,71% of the total dataset.  

The table above shows the technological areas that were found while using the spectral clustering 

method on the entire IPC codes in the 3D printing dataset. 14 Clusters were generated. The 

categorization found in column two helps provide a deeper understanding of the classification codes 

that are combined within the clusters. The respective IPC code combinations can be found in 

appendix 5 by using the cluster number as a reference. The topics in the third column are based on a 

word count analysis performed on the abstracts of the patents that were found in the cluster. They 

concern the technological areas that were found within 3D Printing Technology. The topics all 

concern 3D Printing Technology, because all patents in fact concern 3D Printing patents. The topics 

concern mainly bone implants, dental applications, Stereo-Lithography (SLA), Laser Sintering (LS) and 

compositions for use in lithography.  

Cluster 4, 6 & 12 clusters were generated that consist of IPCs that fall within the same Technology 

Field group, indicating that they are highly technologically related. The clusters mainly concern 

‘heating, cooling or curing Plastics’ and the ‘production of photosensitive materials’. Cluster 1 

combines different Technology classes. Cluster 5 combines different sub-sections. Cluster 2, 7, 8, 9, 

10, 12, 13 & 14 combine different Technology Sections. The combinations of technology sections 

mostly concern the combination of ‘Digital data processing’ & ‘Dentistry’ or the ‘Shaping & joining of 

plastics’, ‘Plastic compounds’ and ‘compounds for photomechanical surface production’. In general, 

the size of the clusters relative to the total number of patents in the dataset is very small. About 7% 

of the data is explained. <<<< 
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3D printing clusters IPC part I 

Table 33 shows the clusters that were found via the co-occurrence analysis of the IPC codes on the 

subclass level. In total, 5 different clusters were generated. 

cluster 
# 

Category IPC combination   

1 3 B29C-041 B29C-067 B29C-035 B23K-026 

2 1 B29C-041 B29C-067 B29C-035  

3 4 B22F-003 C04B-035 B29C-067 B23K-026 

4 4 B29C-035 B29C-067 G03F-007  

5 4 C08J-003 G03F-007 C08G-059 C08F-002 

Table 33: IPC combinations based on IPC part I (sub-class level) 

Cluster 2 combines codes that only differ in sub-class. Cluster 1 combines different classes. The other 

3 clusters combine different Technology Sections. The following Table 34 summarizes the clusters 

mentioned in Table 33.  

cluster 
# 

Category Topic Useful as query? Size 

1 3 General 3D Printers like SLA, LS, LOM 
combined with surface analyzing 
properties (e.g. heat, roughness, 
viscosity) 

Yes  0,46% 

2 1 LOM, LS, SLA and Nano imprint 
lithography 

No 3,39% 

3 4 Methods for SLS and SLA Yes 0,69% 

4 4 General 3D Printing No 2,01% 

5 4 Photo-curable compositions No 0,37% 

Total    6,9% 

Table 34: Explanation technology clusters of IPC part I 

The topics that were found concern General 3D Printer Technology, some nano-imprint lithography, 

methods that concern only Selective Laser Sintering (SLS) and Stereo-lithography (SLA) and photo-

curable compositions. In total, the clusters represent 6,9% of all the patent families in the dataset. 

Cluster 1 & 3 resulted as useful patent search queries for finding 3D Printing Technology.  

Following the IPC classification system, the clusters encompass code combinations ranging from 

differences in technology sub-classes to differences in technology section. Cluster 2 concerns the 

‘Shaping & Joining of plastics’. Cluster 1 is of the third category. The IPCs are about ‘Shaping plastics 

by laser’. Cluster 3, 4 & 5 are of the fourth category. They combine technology fields that concern 

‘powder sintering’, the ‘photomechanical production of plastics’, ‘Preparing & treatment of 

photosensitive materials’. The topics that were found concern General 3D Printer Technology, some 

nano-imprint lithography, methods that concern only Selective Laser Sintering (SLS) and Stereo-

lithography (SLA) and photo-curable compositions. In total, 6,9% of the patents are found within the 

generated clusters.  
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3D printing dataset IPC part II 

5 different clusters were found. They all fall within the category of combining different technology 

sections.  

Cluster 
# 

Category IPC combination     

1 4 B29C C04B B28B B23K   

2 4 G03C C08G C09D C08F   

3 4 C08F G03C C08G C08J C08L G03F 

4 4 G06F B29K B29C    

5 4 C08J C08L G03F B29C   

Table 35: Cluster combinations at IPC part II 

Table 36 assigns a topic to the clusters mentioned in Table 35.  

Cluster 
# 

Category Topic Useful as 
query? 

Size 

1 4 LS No 0,3% 

2 4 Components for SLA No 0,4% 

3 4 Photosensitive compounds No 0,3% 

4 4 Methods for determining 
parameters 

No 0,4% 

5 4 Compositions for both 3D Printing, 
but also for engraving patterns on 
printing plates 

No 0,4% 

Total    1,9% 

Table 36: Explanation of clusters of IPC part II 

Technology related to Laser Sintering was found, components for stereo-lithography, photosensitive 

compounds, methods for determining parameters for machines and compositions which can both be 

used for 3D Printing and creating patterns on printing plates. None of the clusters are useful as 

queries. In total, 1,9% of the patent families is represented by the clusters. 

The generated clusters all belong to the fourth category. Assessing the IPC codes, they combine 

technology fields that concern ‘shaping & joining of plastics & ceramics’, ‘macromolecular 

Photosensitive materials’, ‘computing Reinforcement for plastic structures’ and ‘Treatment of 

macromolecular compounds for plastic shaping’. While analyzing the clusters based on the abstracts, 

technology related to Laser Sintering was found, components for stereo-lithography, photosensitive 

compounds, methods for determining parameters for machines and compositions which can both be 

used for 3D Printing and creating patterns on printing plates. None of the clusters are useful as 

queries. In total, 1,9% of the patent families is represented by the clusters.  
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External dataset 

Entire IPC 

Within the dataset consisting of patent families that cite all 3D Printing Technology patent families, 8 

clusters were found on the basis of the entire IPC codes. 4 clusters were found at the level of the 

Sub-class of the IPC and 5 clusters were generated at the Class level.  

Table 37 shows the IPC combinations that were found at the entire IPC level.  

Cluster # Category IPC combination    # 3D 
patents 
cited 

1 1 H01L-021/027 H01L-021/02;    

2 4 H01L-021/02; G03F-007/00; H01L-021/027   

3 1 G03F-007/00; G03F-007/004    

4 4 G03F-007/027 C08F-002/46 C08F-002/50 C08J-003/28  

5 4 C12Q-001/68 B01L-003/00 G01N-037/00 C12M-001/34 B01J-019/00  

6 4 B01L-003/00 G01N-037/00 C12M-001/34 C12Q-001/68  

7 2 A61F-002/06 A61L-027/00 A61F-002/02 A61F-002/00  

8 2 A61F-002/28 A61F-002/30 A61B-017/00 A61L-027/00 A61F-002/02  

Table 37: Clusters entire IPC in External dataset 

Cluster 1 & 3 concern a combination that fall within the same Technology Group. Cluster 7 & 8 

combine IPCs that concern the same Technology class. The rest of the clusters combine different 

technology sections. 

Table 38 summarizes the topics of the clusters that were generated while using the entire IPC codes. 

Together, the clusters represent 2,69% out of all patent families within the External dataset. 

Cluster 
# 

Topic should families have been 
in the internal dataset? 

Size 

1 Resists for lithography NO 1,63% 

2 Resists for lithography NO 0,44% 

3 Materials for lithographic printing/ printing plates NO 0,44% 

4 Materials for polymerization treatment by radiation NO 0,01% 

5 Micro-fluidics: methods/apparatus for the analysis of DNA/RNA samples NO 0,04% 

6 Micro-fluidic treatments NO 0,06% 

7 (Materials for) Prostheses YES 0,05% 

8 Surface treatments for implants and regeneration purposes of bone and 
tissue 

NO 0,02% 

total   2,69% 

Table 38: Explanation clusters based on entire IPC 
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The most important topics that were found are Resists for lithography, materials for lithographic 

printing, materials for polymerization, methods and machines for micro-fluidics, prostheses and 

surface treatments for implants. Cluster 7 contains patent families that should have been in the 3D 

Printing dataset. All patents within this cluster concern methods for achieving a specific structure or 

texture within an object. This might well be done with 3D Printing Technology. 

External IPC part I 

The following Table 39 shows all clusters that were found based on the sub-classes of IPC codes 

within the External dataset.  

Cluster # Category IPC     

1 2 A61L-027 A61L-031 A61K-009 A61F-002  

2 4 A61L-031 A61K-009 A61L-027 C12N-005  

3 3 G06F-019 G05B-019 G06F-017   

4 4 C12Q-001 G01N-027 G01N-021 C12M-001 G01N-033 

Table 39: Clusters based on IPC part I 

4 clusters were found. Cluster 1 combines IPCs with the same technology classes. Cluster 3 concerns 

IPCs with different Sub-Sections and cluster 2 & 4 concern combinations with different technology 

sections. 

Table 40 summarizes the clusters that were found on their topic. In total 1,11% of all patent families 

in the External dataset are represented by the clusters. 

Cluster 
# 

Main denominator should families have 
been in the internal 
dataset? 

Size 

1 materials and methods for medical 
devices like stents, grafts, surface 
coating and tissue agents 

MAYBE 0,57% 

2 material (polymer) used for direct 
implants, tissue constructs/ cell 
adhesive 

MAYBE 0,03% 

3 methods for 
handling/controling/orientating 
automated manufacturing 
machine(s) (tools)  (also 3D printers) 

NO 0,44% 

4 sample 
preparation/measuring/analysis 
system for chemical/ biological 
micro-analysis (DNA/ RNA blood, 
plasma, cerebrospinal fluid, urine or 
saliva) 

NO 0,06% 

Total   1,11% 

Table 40: Explanation of clusters at IPC part I 

Cluster 1 concerns materials and methods for medical devices like stents, grafts, surface coating and 

tissue agents. The patent families within this cluster should probably not have been in the 3D 

Printing dataset, because they do not directly relate to 3D Printing Technology itself although it 
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might be possible to produce them via additive manufacturing. Cluster 2 concerns materials which 

can be used for implants. Cluster 3 concerns motion control techniques for machines and their tools. 

These should not have been in the 3D Printing dataset, as the cluster also contains patent families 

that concern programming and methods for machines like CNC-milling and injection molding. The 4th 

cluster concerns preparations, measuring and analysis systems for micro-fluidics. These patent 

families do not concern 3D Printing. 

External IPC part II 

Table 41 shows the clusters that were found in the analysis of the IPCs at the technology class level. 

5 clusters were found.  

Cluster 
# 

Category IPC       

1 2 C08J C08L C08K     

2 3 C08F C08G C08L C08K C08J C09D  

3 4 A61K B29C A61L B32B A61F   

4 2 A61F A61M A61L     

5 4 G03C B29C G03F     

Table 41: Clusters based on IPC part II 

Two of which belong to category 2, cluster 1 & 4. Cluster 2 combines different Sub-Sections. Cluster 

3 & 5 combine different Technology Sections. 

Table 42 summarizes the topics of the IPC clusters mentioned in Table 41. 5,13% of the patent 

families is represented by the clusters of part II.  

Cluster 
# 

Main denominator should the cluster have 
been in the internal 
dataset? 

Size 

1 resins/ compositions for in resins / 
polymers (can be used in 3D 
Printing (sintering/stereo 
lithography) 

NO 1,73% 

2 materials for coating 
layers/surfaces while moulding or 
3D printing. Also useful in 
adhesives etc.  

NO 0,05% 

3 repairing (porous) implant 
material for bone/ dental 
applications (repairing through 
calcium/ attaching bone) 

NO, there is an adhesive 
in there. Not applicable 
to 3D printing 

0,02% 

4 implants, coatings, methods for 
implants. (3d printing patents are 
in here) 

NO, there are 3D 
Printing patents in there 
though 

3,20% 

5 photosensitive materials and 
methods useful in 
stereolithography (also for nano 
imprint/ patterns on printing 
board) 

NO, only some concern 
3D Printing 

0,12% 
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Total   5,13% 

Table 42: Explanation of clusters based on IPC part II 

The first cluster assembles patent families that are about resins, compositions for in resins and 

polymers that could be used for 3D Printing, but also for normal lithography. A resin is a material 

that, when exposed to an energy source, hardens/ reacts. These materials are for instance used for 

the manufacturing of LCD screens, printing plates, etc. The second cluster is about materials for 

coating surfaces. Next to uses within 3D Printing, these are also usable in paints, adhesives, etc. 

Cluster 3 concerns materials to create porous structures for bone/dental implants. Within the cluster 

there are also patent families found that are usable in adhesives etc. So it is not only about 3D 

Printing. Cluster 4 alike. However, this cluster concerns (methods for) implants and coatings. Some 

3D Printing patent families were found within the cluster. The fifth cluster concerns photosensitive 

materials and methods useful for stereo-lithography. Also Nano-imprint lithography and patterns on 

printing boards. 
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Appendix 8: IPC combinations for use in patent search queries related to 3D 

printing 
Table 43 summarizes the most relevant results of the spectral clustering method performed on the 

Castle Island dataset. The first column elaborates on the length of the IPC codes that were used in 

the analysis. The cluster number in the second column refers to chronologic number assigned to the 

specific cluster as a reference. The clusters are categorized on the basis of their technological 

relatedness of the individual IPC codes. The cluster’s category is found in the third column. The 

fourth column represents the topic of the cluster, the fifth the IPC codes combination of the cluster 

and the sixth column the size of the cluster expressed in a percentage. The size is a representation 

for the number of patents that were found in the cluster relative to the total number of patent 

families that are in the dataset. Therefore, it implies an indication about the importance of the 

cluster within the dataset as it says something about the share of the dataset that the cluster 

represents. All clusters that were found in the 3D Printing dataset were subject to patent search 

queries on Derwent. The IPC combinations shown in the table can be used in a patent search query 

for its topic. Clusters for which it is uncertain whether or not they can be used for patent search 

queries were left out of Table 43. For more information about these clusters, see appendix 5.  

 Cluster # Topic IPC combination 

Entire IPC 3 LS & SLA Devices B22F-003/10; B22F-003/105 B23K-026/00 B23K-

026/34 

 4 LS & SLA methods, materials & 

devices 

B29C-067/04 B29C-067/00 B29C-035/08 

 5 Controlling & preparations for LS B22F-003/105 B29C-067/00 B22F-003/10; B29C-

067/04 B29C-035/08 

 6 LS, SLA methods & alternative 

manufacturing methods 

B29C-067/04 B29C-067/00 B29C-035/08 B29C-

041/02 

 8 General image recording or 3D 

Printing Technology based on CAD 

G06F-017/50 G06F-019/00 B29C-067/00 

IPC part I 1 General 3D Printers like SLA, LS, LOM 

& surface analyzing properties 

B29C-041 B29C-067 B29C-035 B23K-026 

 3 Methods for SLS and SLA B22F-003 C04B-035 B29C-067 B23K-026 

IPC part II    

Table 43: Useful IPC combinations for patent search queries 

Table 43 shows that there are 7 clusters that are useful in patent search queries to find 3D Printing 

Technology patents.  
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External dataset 

Within the dataset consisting of patent families that cite all 3D printing technology patent families, 8 

clusters were found on the basis of the entire IPC codes. 4 clusters were found at the level of the 

Sub-class of the IPC and 5 clusters were generated at the Class level. These clusters are used for 

indicating the technological areas that are affected by 3D printing technology. The most relevant 

clusters are described in this paragraph. Appendix 5 contains more in-depth information of all the 

clusters that were found during the cluster identification process. Table 44 shows the IPC 

combinations that were found at the entire IPC level. 

 Cluste

r # 

Categor

y 

Topic IPC 

combination 

Size 

(%) 

Recall 

check 

Entir

e IPC 

1 1 Resists for lithography H01L-021/027 

H01L-021/02; 

1,63

% 

NO 

 2 4 Resists for lithography H01L-021/02; 

G03F-007/00; 

H01L-021/027 

0,44

% 

NO 

 3 1 Materials for lithographic 
printing plates 

G03F-007/00; 

G03F-007/004 

0,44

% 

NO 

 4 4 Materials for polymerization 
treatment by radiation 

G03F-007/027 

C08F-002/46 

C08F-002/50 

C08J-003/28 

0,01

% 

NO 

 5 4 Methods for micro-fluidic 
analysis 

C12Q-001/68 

B01L-003/00 

G01N-037/00 

C12M-001/34 

B01J-019/00 

0,04

% 

NO 

 6 4 Micro-fluidic treatments B01L-003/00 

G01N-037/00 

C12M-001/34 

C12Q-001/68 

0,06

% 

NO 

 7 2 (Materials for) Prostheses A61F-002/06 

A61L-027/00 

A61F-002/02 

A61F-002/00 

0,05

% 

YES 

 8 2 Surface treatments for 
implants & regeneration 

A61F-002/28 

A61F-002/30 

A61B-017/00 

A61L-027/00 

0,02

% 

NO 
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A61F-002/02 

Total     2,69
% 

 

Table 44: Most relevant generated clusters within the External dataset 

Cluster 1 & 3 concern a combination that fall within the same technology Group. Cluster 7 & 8 

combine IPCs that concern the same technology class. The rest of the clusters combine different 

technology sections. The most important topics that were found are ‘Resists for lithography’, 

‘Materials for lithographic printing’, ‘Materials for polymerization’, ‘Methods and machines for 

micro-fluidics’, ‘Prostheses and surface treatments for implants’. Cluster 7 contains patent families 

that should have been in the 3D Printing dataset. All patents within this cluster concern methods for 

achieving a specific structure or texture within an object. These structures could well be achieved 

with 3D Printing Technology. Together, the clusters represent 2,69% out of all patent families within 

the External dataset.  
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Appendix 9: Results patent network analysis 

Technology fields 

This paragraph presents the results of the analysis that was done to represent the technology’s 

improvement as mentioned by Bresnahan and Trajtenberg (1995). It attempts to assess the degree 

to which the technology’s development shown and towards which fields. 

A citation matrix was created on the basis of the 50 most frequent occurring technology fields within 

both datasets. Using all citation relations between the 3D printing dataset and the External dataset, 

a count was made of how many times a single IPC was cited and by every other IPC. The matrix was 

then ranked according to the absolute number of citations. Table 45 depicts the most important part 

of the resulting matrix. Rather than absolute frequencies, the share of the total number of relations 

is presented.  

The most relevant technology fields on which the technology fields of the External dataset builds are 

ranked on along the Y-axis. Along the X-axis, the technology fields that are citing most often are 

ranked. The percentages indicate the extent to which the respective IPC codes cites the other as 

relative to the total of IPC relations between the datasets. At the bottom of the table, one can find 

the Total percentage of the citing IPC, with underneath the cumulative citing percentages. The first 

10 IPC codes along the X-axis account for 52% of all citing Technology Fields. At the right side of the 

table, one can find the total percentage of the IPC that is cited. With to the right, the cumulative 

percentage. 44% of the cited IPCs are represented by the first 10 cited IPCs along the Y-axis. 

Appendix 6 elaborates on the IPC codes in combination with the technology field they represent. 
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 Citing B29C-
067/00 

G03F-
007/004 

H01L-
021/02 

G03F-
007/20 

G03F-
007/00; 

B22F-
003/105 

C08F-
002/46 

B29C-
035/08 

H01L-
021/027 

C08F-
002/50 

Total % 
cited 

Cumulative 
% cited Cited  

B29C-067/00 2,08% 0,23% 0,27% 0,37% 0,26% 0,77% 0,20% 0,66% 0,17% 0,14% 7,99% 7,99% 

B29C-035/08 1,41% 0,17% 0,32% 0,34% 0,20% 0,47% 0,13% 0,62% 0,21% 0,09% 6,03% 14,02% 

G03F-007/00 0,13% 0,93% 0,54% 0,49% 0,53% 0,01% 0,35% 0,05% 0,47% 0,33% 5,22% 19,24% 

H01L-021/02 0,01% 0,29% 0,68% 0,24% 0,09% 0,00% 0,07% 0,02% 0,28% 0,06% 3,96% 23,20% 

G03F-007/038 0,08% 0,75% 0,43% 0,40% 0,41% 0,00% 0,23% 0,03% 0,41% 0,21% 3,83% 27,03% 

C08F-002/46 0,13% 0,54% 0,18% 0,22% 0,31% 0,01% 0,46% 0,06% 0,15% 0,39% 3,73% 30,76% 

G03F-007/004 0,03% 0,73% 0,43% 0,38% 0,32% 0,01% 0,28% 0,01% 0,41% 0,25% 3,72% 34,48% 

B29C-041/02 0,88% 0,04% 0,11% 0,13% 0,08% 0,21% 0,05% 0,30% 0,07% 0,04% 3,30% 37,78% 

C08F-002/50 0,07% 0,54% 0,17% 0,20% 0,32% 0,00% 0,43% 0,02% 0,14% 0,39% 3,29% 41,07% 

G03C-009/08 0,38% 0,36% 0,14% 0,21% 0,27% 0,04% 0,24% 0,19% 0,12% 0,20% 3,07% 44,15% 

Total % Citing 10,27% 6,98% 6,17% 4,65% 4,46% 4,28% 4,23% 3,73% 3,62% 3,52%   

cumulative % 
Citing 

10,27% 17,25% 23,41% 28,07% 32,53% 36,81% 41,04% 44,77% 48,39% 51,91%   

Table 45:Most important part of IPC citation matrix between 3D printing and its External dataset 



152 
 

Looking the most important technology field relations, there is a lot of diversity. The IPC classifying 

‘Plastic shaping techniques not covered by conventional groups’ is cited the most. 8% of the times. 

All other IPCs are cited less. Looking further down the X-axis, it is noticeable that the first 10 IPCs 

mainly concern ‘lithographic materials & production devices’, ‘plastic sintering machines’ and 

‘compounds that polymerize by (UV) light’. Among the cited technology fields, it becomes apparent 

that ‘thermo-plastic manufacturing’, ‘treatment and materials for (stereo)lithography’, and ‘digital 

computing’ can be recognized. Within the top 10 IPCs that are citing, ‘Plastic shaping techniques not 

covered by groups’ are found. This indicates that it is possible that there are patent families within 

the External dataset that should have been in the 3D Printing dataset. Furthermore, (stereo-

)lithography is found in both sets. Which strengthens the latter, but also indicates that the 

manufacture of semi-conductors uses knowledge of 3D printing technology. Overall, there is a lot of 

diversity among the IPC codes that are citing and those which are cited. This indicates that the 

relations between the technological fields patent families are very diverse. Meaning that there are a 

lot technological areas citing a lot of different technological areas.  
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Appendix 10: Complete results modularity clustering  
This appendix provides a more in-depth overview of the clusters that were found with the 

modularity clustering. It starts out with the clusters generated in the 3D printing dataset, then the 

clusters that were found by assessing the relations among 3D printing patents with the External 

dataset. Lastly, the clusters that were generated by combining the 3D printing and External dataset 

with each other. 

3D printing dataset 

VOS1: Orthodontics  

The focus of this cluster lies on orthodontic applications, scanning, designing and creating artificial 

teeth and jaws and applications for attaching them with use of 3D Printing. The cluster covers 

patents from 1990 to 2010. The main assignees are Align Technology, which has by far the most 

patents. Orametrix second and third 3M. Although the cluster ranges from 1990 to 2010, the most 

prominent assignees own only patents starting from 1997.  

VOS2: Stereo-Lithography  

The main topic covered by the cluster is Stereo-Lithography. There is large diversity among assignees 

within this cluster. The most prominent are Vantico AG, DSM, CIBA, 3D Systems, Japan Fine Coatings 

Co., JSR Corp, Nippon Tokushu Coating KK and Teijin Seiki Co. The cluster covers patents from 1988 

to 2010. 

VOS3: Laser Sintering  

Two assignees have many patents within this cluster. Electro Optical Systems and 3D Systems. The 

cluster covers patents from 1988 to 2011. These assignees were also the most prominent in cluster 5 

‘Laser Sintering’ in the assessment of the entire citation network.  

VOS4: Semi-Conductor packaging/protection  

Micron Technology owns by far the most patents in this cluster. They are followed by several 

individual inventors. The cluster covers patents from the period 1998 to 2009. Nearly all patents 

concern micro-scale protective coatings or packaging useful for e.g. semi-conductors or elements 

that can be placed on semiconductors.  

VOS5: Human tissue & delivery  

This cluster concerns itself with the creation of (regenerating) tissue e.g. skin or organs that can be 

implanted into the body, but also the creation of capsules that act as vehicles to carry drugs through 

the body. There is a lot of diversity among assignees that have a relative large share of the cluster. 

The Massachusetts Institute of Technology (MIT) has the most patents, then come Charles Stark 

Drapers Lab, Therics Inc, Borenstein, J. T., Vacanti J.P., Gen Hospital Corp and the University of 

Carnegie Mellon. The cluster covers a period between 1984 and 2010.  

VOS6: Stereo-Lithography  

This cluster contains many patents about Stereo-Lithography. 3D Systems is the main assignee, 

followed by EnvisionTec. There are many assignees with a few patents that concern SLA.  

VOS7: FDM & Polyjet  

Stratasys is the main assignee in this cluster. It covers patents between 1984 until 2011. Stratasys is 

specialized in FDM and Polyjet technology. 3D Systems is the second most prominent assignee. 
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VOS8: Laser Sintering  

Within this cluster there is a lot of diversity in assignees. The topic of the patents is Laser Sintering. 

Among the top assignees one can find Lockheed Martin, POM, University of Texas, United 

Technologies Corp and Boeing. The cluster covers patents from 1979 until 2011.  

VOS9: Surgical tools & implants  

This cluster combines the production of customized surgical tools that can be used for implants. 

Much diversity among assignees was found. the assignees with the most patents are Conformis and 

Depuy Synthes Production. The latter focusses mainly on implants. The period covered by the cluster 

ranges from 1991 until 2011.  

VOS10: (Organic) Photopolymers  

Within this cluster many patents concern photo-sensitive compounds. CIBA controls by far the 

largest share of IP within this cluster. 3M and BASF were also found in the cluster which, covers a 

period between 1967 and 2009. 3M is mainly concerned with the improvement of photosensitive 

materials.  

External to 3D printing 

VOS1: Orthodontics  

This cluster contains patents that provide methods for recording & reposition teeth within digital 

models and the creation of artificial teeth. All patents are issued between 1997 and 2012. Align 

Technology is the main assignee within this cluster. Second is Ora Metrix. The companies concern 

themselves mostly with the alignment of teeth and their digital representation. 3M is also found 

within this cluster. 3M concerns itself with the designing and implementation of artificial teeth.  

VOS2: TFT Transistors  

Semiconductor Energy Lab is by far the main assignee within this cluster with 278 patents. The 

cluster covers a period between 2005 and 2012 and mainly concern thin film transistors (TFT) which 

are used in displays of e.g. smart phones, televisions, cameras, etc.  

VOS3: In-ear hearing instruments  

Within the third cluster, two main assignees were found. Siemens, who’s patents use the digital 

representation of ear channels to create earpiece housing for ear plugs and hearing devices. The 

second is Phonak AG, this company focusses on plastic moldings for customized items that fit the 

ear. The period ranges from 1994 to 2012. However the majority of patents is found between 2000 

and 2012.   

VOS4: Light emitting devices  

These devices are mainly used in displays of e.g. computers, smart phones, etc. Organic compounds 

are used for the devices. The cluster covers a period from 1997 to 2012. There are 3 main assignees, 

Universal Display Corp, the University of California and Polyic GMBH.  

VOS5: Laser Sintering  

The manufacturing of 3D articles via (electromagnetic)Laser Sintering and their necessities. Their 

attributes are also useful for SLA construction. The main assignee that was found Electro Optical 

Systems (EOS) (40 patents) and to a small extent 3D Systems (16 patents). The cluster covers patents 

between 1992 and 2013.  
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VOS6: Surgical tools  

Many different companies are found that have a small share of patents within this cluster. The 

patents concern tool for delivering agents and other surgical tools e.g. stretching up skin and (micro) 

fluid measuring devices. The cluster covers patents between 1995 and 2012. The main assignees are 

Becton Dickinson & Co., Alza Corp, Johnson & Johnson, Lifescan and 3M.  

VOS7: Molds & Sprayform production  

This cluster has Ford as main assignee. Which is a car manufacturer. Their patents all concern 

production methods for metals and tools. Mostly via molds or spray-formed articles. The patents 

range from 1990 to 2012. Other important assignees are Delphi Technologies, an individual Smith, J. 

R., Spraying Systems Co., and Boeing, an airplane manufacturer.  

VOS8: Orthodontics  

This cluster concerns orthodontics with patents that range from 1998 to 2013. The main assignees 

are 3M and Orametrix. The patents concern treatments for repositioning teeth e.g. bracers and 

molds for determining geometrics.  

VOS9: Display devices  

This cluster concerns methods for manufacturing display devices (also TFT) Seiko Epison, Advanced 

Micro Devices, Searete, Semiconductor Energy Lab, Hewlett-Pachard Dev Co., Invention Sci Fund, 

IBM and Samsung are among the top assignees, which are very diverse and own equal shares of the 

cluster. The covered period ranges from 1997 to 2012. Like the second cluster, there are some TFT 

patents applied for in later years.  

VOS10: Regulating fluids  

1974 to 2011. Four main assignees were found in this cluster. These are, University SouthWest, 

Cymer, Ati Property and Micron Technology. The patents all focus on regulated fluid delivery both 

for tissue repair and drug delivery (University SouthWest) but the other companies also focus on  

Sprayforming production methods and regulating EUV light.  

Whole citation network 

VOS1: Orthodontics 

The cluster contains all kinds of patents that are concerned with orthodontics. Both the usage and 

the production of appliances like brackets, splints, compositions (e.g. filler or adhesives), bonding 

trays. Also the computer modeling of jaws & teeth and fabricating replacements were found. Align 

Technology and 3M are the main assignees. The internal patents of the cluster are concerned with 

creating and adjusting digital models of teeth for the assistance in treatment and the fabrication of 

them by means of 3D Printing.  

VOS2: implants & prostheses 

The cluster solely consists of patents that concern implants (e.g. bone or discs) and prostheses. 

Specialized equipment for implementation was also found in the cluster. The cluster mainly consists 

of patents that cite the 3D Printing patents. This implies a separation between the usage of implants 

and their production method. The internal patents concern specific prostheses that can be 3D 

Printed. There are many different assignees with about an equal share of patents within the cluster. 
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VOS3: preparation implants & prostheses 

This cluster encompasses patents that concern obtaining the geometrics of implants (e.g. 

osteoimplants that can be put into a cavity so to take that shape and harden) and tissue engineering 

(e.g. for improving surface texture for healing/ attachment). There are many different assignees 

found within the cluster with an equal share of patents. Looking at the internal patents of the 

cluster, these concern the obtaining a specific surface (porous) structure (e.g. for delivering drugs, 

better attachment), drug delivery systems and implant manufacture via 3D Printing.  

VOS4: SLA, LS & 3DP & creating molds 

This cluster concerns patent families that carry knowledge about SLA, LS & 3DP techniques and their 

accessories (e.g. construction container, device to apply powder, powder inlet). The techniques are 

for creating ceramic, metal or polymer objects. The main articles patented are specific molds (e.g. 

for extruding, die casting and injection molding), PVC production, automotive industry and 

production repairing of gas turbines used in aviation. The cluster consists for  30% out of patents 

from the 3D Printing dataset. The most patents in the cluster could be placed in the 3D Printing 

dataset, as they mostly cover 3D Printing technology. The main assignees are Electro Optical Systems 

(EOS), Matsushita Electric Works, 3D Systems, Panasonic, Fraunhofer, Concept Laser GMBH, 

Siemens, Voxeljet Technology GMBH, MTU Aero Engines GMBH and Arcam AB.  

VOS5: Micro-Fluidics 

This cluster consists of families that concern micro-fluidic devices. These are devices with micro-

scale channel network systems used for (bio)chemical analysis, synthesis or detection (e.g. 

compounds). They can be used to separate or isolate e.g. proteins or DNA, measure throughput for 

e.g. drug delivery. The devices are often made of polymeric materials. The top assignees are Caliper 

Technologies, Nanostream Inc, Kimberly-Clark Worldwide, 3M, Samsung and Illumnia with all about 

equal share of patents. Looking at the internal set also micro-fluidic systems and their handling were 

found. 5% of the cluster consists of internal patents.  

VOS6: photosensitive compositions 

This cluster consists of patent families that concern photosensitive materials. Mostly resists and 

resins that react when exposed to light. These materials are useful in the production process of 

semi-conductors and photography, but also the production of 3D articles via SLA. The main assignees 

are Shinetsu Chem Ltd., Tokyo Ohka Kogyo Ltd., Fuji Film, DSM and CIBA AG. They own a relatively 

equal amount of patents. 5% of the cluster is represented by patents from the 3D Printing dataset. 

These all concern patenting of materials that can be used for SLA.  

VOS7: semi-conductor packaging 

This cluster encompasses methods to encapsulate micro-electronic devices (e.g. memory devices or 

micro-processor). The advantage here is that with 3D Printing several openings that are needed for 

the functioning of the devices can be created right away, which otherwise have to be marked and 

treated in a later stage of the production process. There are also a lot of patents within the cluster 

that provide methods to connect several electronic devices with each other (e.g. via interposer 

substrates), sealing the articles. The cluster consists for 20% out of patents that are found within the 

3D Printing dataset. This indicates that for this part, 3D Printing technology is feasible. Micron 

Technology is by far the most occurring assignee with 285 patent families. Chippac comes second 

with 65. Other assignees are mostly individual inventors.  
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VOS8: endo-prostheses 

Vascular devices (e.g. stents, drug delivery or measuring devices) can be found within this cluster. 

but also devices like catheters and tissue patches with specific structures (e.g. to improve healing or 

attachment). The cluster mainly consists of families from the External dataset. There are three main 

assignees Boston Sci Ltd., Abbot Lab and Advanced Cardiovascular System. However, there are many 

companies with a slightly smaller market share.  

VOS9: Stereo-Lithography 

This cluster concerns patents that contain knowledge about methods for fabricating items via SLA. It 

also contains useful the materials (resins) and accessories (e.g. lenses). The main assignee is 3D 

systems. However, other prominent assignees are Teijin Seiki Ltd., Sony, Nabtesco and Japan 

Synthetic Rubber Ltd. 37% of the patent families within the cluster are found within the 3D Printing 

dataset. This indicates that 37% of the SLA patents are already in the core dataset. However, the rest 

of this cluster should also be included into the core dataset.  

VOS10: metal treatment 

This cluster contains families that concern methods for producing metal items (e.g. via cast molding), 

attaching(e.g. laser soldering), coating or repairing them (e.g. adding metallic powder to a surface). 

Mostly applied on gas turbine articles. There is a wide variety of assignees with about an equal share 

of patents. The most prominent is General Electrics. Second comes United Technology Corp, Rolls-

Royce, Siemens and MTU Aero Engines GMBH. 20% of the families are found in the 3D Printing 

dataset.  
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Appendix 11: List of frequently occurring IPC codes 
This Table 46 presents a list of all IPC codes and their technology fields that are used in this report 

according to WIPO (2004). It is in alphabetical order, so that –were needed- the hierarchical order 

can be traced back. 

IPC Technology field 

A61B  DIAGNOSIS; SURGERY; IDENTIFICATION 

A61B-005/00  Measuring for diagnostic purposes view additional information ; Identification of persons 

A61B-017/00  Surgical instruments, devices or methods, e.g. tourniquets 

A61C  DENTISTRY; ORAL OR DENTAL HYGIENE 

A61C-003/00  Dental tools or instruments 

A61F  FILTERS IMPLANTABLE INTO BLOOD VESSELS; PROSTHESES; ORTHOPAEDIC, NURSING OR 
CONTRACEPTIVE DEVICES; FOMENTATION; TREATMENT OR PROTECTION OF EYES OR EARS; 
BANDAGES, DRESSINGS OR ABSORBENT PADS; FIRST-AID KITS 

A61F-002/00  Filters implantable into blood vessels; Prostheses, i.e. artificial substitutes or replacements for 
parts of the body; Appliances for connecting them with the body 

A61F-002/02  Prostheses implantable into the body 

A61F-002/06  Blood vessels 

A61F-002/28  Bones 

A61F-002/30  Joints 

A61K  PREPARATIONS FOR MEDICAL, DENTAL, OR TOILET PURPOSES 

A61K-009/00  Medicinal preparations characterised by special physical form 

A61L  METHODS OR APPARATUS FOR STERILISING MATERIALS OR OBJECTS IN GENERAL; DISINFECTION, 
STERILISATION, OR DEODORISATION OF AIR; CHEMICAL ASPECTS OF BANDAGES, DRESSINGS, 
ABSORBENT PADS, OR SURGICAL ARTICLES; MATERIALS FOR BANDAGES, DRESSINGS, ABSORBENT 
PADS, OR SURGICAL ARTICLES 

A61L-027/00  Materials for prostheses or for coating prostheses 

A61L-031/00  Materials for other surgical articles 

A61M  DEVICES FOR INTRODUCING MEDIA INTO, OR ONTO, THE BODY  ; DEVICES FOR TRANSDUCING 
BODY MEDIA OR FOR TAKING MEDIA FROM THE BODY  ; DEVICES FOR PRODUCING OR ENDING 
SLEEP OR STUPOR 

B01J-019/00  Chemical, physical, or physico-chemical processes in general view additional information ; Their 
relevant apparatus 

B01L-003/00  Containers or dishes for laboratory use, e.g. laboratory glassware 

B22F  WORKING METALLIC POWDER; MANUFACTURE OF ARTICLES FROM METALLIC POWDER; MAKING 
METALLIC POWDER 

B22F-003/00  Manufacture of workpieces or articles from metallic powder characterised by the manner of 
compacting or sintering; Apparatus specially adapted therefor 

B22F-003/10  Sintering only 

B22F-003/105  by using electric current, laser radiation or plasma 

B23K  SOLDERING OR UNSOLDERING; WELDING; CLADDING OR PLATING BY SOLDERING OR WELDING; 
CUTTING BY APPLYING HEAT LOCALLY, e.g. FLAME CUTTING; WORKING BY LASER BEAM 

B23K-026/00  Working by laser beam, e.g. welding, cutting, boring 

B23K-026/34  Welding for purposes other than joining, e.g. build-up welding 

B28B  SHAPING CLAY OR OTHER CERAMIC COMPOSITIONS, SLAG OR MIXTURES CONTAINING 
CEMENTITIOUS MATERIAL 

B29C  SHAPING OR JOINING OF PLASTICS; SHAPING OF SUBSTANCES IN A PLASTIC STATE, IN GENERAL; 
AFTER- TREATMENT OF THE SHAPED PRODUCTS, e.g. REPAIRING 

B29C-035/00  Heating, cooling or curing, e.g. crosslinking, vulcanising; Apparatus therefor 

B29C-035/08  by wave energy or particle radiation 
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B29C-067/00  Shaping techniques not covered by groups 

B29C-067/04  Sintering 

B29C-041/00  Shaping by coating a mould, core or other substrate, i.e. by depositing material and stripping-off 
the shaped article; Apparatus therefor  

B29C-041/02  for making articles of definite length, i.e. discrete articles 

B29K  INDEXING SCHEME ASSOCIATED WITH SUBCLASSES - see cross reference IPC B29B, - see cross 
reference IPC B29C OR - see cross reference IPC B29D, RELATING TO MOULDING MATERIALS OR 
TO MATERIALS FOR REINFORCEMENTS, FILLERS OR PREFORMED PARTS, e.g. INSERTS 

B32B  LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g. CELLULAR 
OR HONEYCOMB, FORM 

C04B  LIME; MAGNESIA; SLAG; CEMENTS; COMPOSITIONS THEREOF, e.g. MORTARS, CONCRETE OR LIKE 
BUILDING MATERIALS; ARTIFICIAL STONE; CERAMICS 

C04B-035/00  Shaped ceramic products characterised by their composition  ; Ceramic compositions  ; Processing 
powders of inorganic compounds preparatory to the manufacturing of ceramic products 

C08F  MACROMOLECULAR COMPOUNDS OBTAINED BY REACTIONS ONLY INVOLVING CARBON-TO-
CARBON UNSATURATED BONDS 

C08F-002/00  Processes of polymerization 

C08F-002/46  Polymerisation initiated by wave energy or particle radiation 

C08F-002/48  by ultra-violet or visible light 

C08F-002/50  with sensitising agents 

C08G  MACROMOLECULAR COMPOUNDS OBTAINED OTHERWISE THAN BY REACTIONS ONLY INVOLVING 
CARBON-TO-CARBON UNSATURATED BONDS 

C08G-059/00  Polycondensates containing more than one epoxy group per molecule view additional 
information ; Macromolecules obtained by reaction of epoxy polycondensates with 
monofunctional low-molecular-weight compounds; Macromolecules obtained by polymerising 
compounds containing more than one epoxy group per molecule using curing agents or catalysts 
which react with the epoxy groups 

C08J  WORKING-UP; GENERAL PROCESSES OF COMPOUNDING; AFTER-TREATMENT NOT COVERED BY 
SUBCLASSES 

C08J-003/00  Processes of treating or compounding macromolecular substances 

C08J-003/28  Treatment by wave energy or particle radiation 

C08K  USE OF INORGANIC OR NON-MACROMOLECULAR ORGANIC SUBSTANCES AS COMPOUNDING 
INGREDIENTS 

C08L  COMPOSITIONS OF MACROMOLECULAR COMPOUNDS 

C09D  COATING COMPOSITIONS, e.g. PAINTS, VARNISHES, LACQUERS; FILLING PASTES; CHEMICAL PAINT 
OR INK REMOVERS; INKS; CORRECTING FLUIDS; WOODSTAINS; PASTES OR SOLIDS FOR 
COLOURING OR PRINTING; USE OF MATERIALS THEREFOR 

C12M  APPARATUS FOR ENZYMOLOGY OR MICROBIOLOGY 

C12M-001/00  Apparatus for enzymology or microbiology 

C12M-001/34  Measuring or testing with condition measuring or sensing means, e.g. colony counters 

C12N-005/00  Undifferentiated human, animal or plant cells, e.g. cell lines; Tissues; Cultivation or maintenance 
thereof; Culture media therefor 

C12Q-001/00  Measuring or testing processes involving enzymes or micro-organisms view additional 
information ; Compositions therefor; Processes of preparing such compositions 

C12Q-001/68  involving nucleic acids 

G01N  INVESTIGATING OR ANALYSING MATERIALS BY DETERMINING THEIR CHEMICAL OR PHYSICAL 
PROPERTIES 

G01N-021/00  Investigating or analysing materials by the use of optical means, i.e. using infra-red, visible, or 
ultra-violet light 

G01N-027/00  Investigating or analysing materials by the use of electric, electro-chemical, or magnetic means 

G01N-033/00  Investigating or analysing materials by specific methods not covered by the preceding groups 

G01N-037/00  Details not covered by any preceding group 

G02F-001/00  Devices or arrangements for the control of the intensity, colour, phase, polarisation or direction of 
light arriving from an independent light source, e.g. switching, gating or modulating; Non-linear 
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optics 

G03C  PHOTOSENSITIVE MATERIALS FOR PHOTOGRAPHIC PURPOSES view additional information ; 
PHOTOGRAPHIC PROCESSES, e.g. CINE, X-RAY, COLOUR, STEREO-PHOTOGRAPHIC PROCESSES; 
AUXILIARY PROCESSES IN PHOTOGRAPHY 

G03F  PHOTOMECHANICAL PRODUCTION OF TEXTURED OR PATTERNED SURFACES, e.g. FOR PRINTING, 
FOR PROCESSING OF SEMICONDUCTOR DEVICES; MATERIALS THEREFOR; ORIGINALS THEREFOR; 
APPARATUS SPECIALLY ADAPTED THEREFOR 

G03F-007/00  Photomechanical, e.g. photolithographic, production of textured or patterned surfaces, e.g. 
printed surfaces; Materials therefor, e.g. comprising photoresists; Apparatus specially adapted 
therefor 

G03F-007/004  Photosensitive materials 

G03F-007/20  Exposure; Apparatus therefor 

G03F-007/027  Non-macromolecular photopolymerisable compounds having carbon-to-carbon double bonds, 
e.g. ethylenic compounds 

G03F-007/028  with photosensitivity-increasing substances, e.g. photoinitiators 

G03F-007/029  Inorganic compounds; Onium compounds; Organic compounds having hetero atoms other than 
oxygen, nitrogen or sulfur 

G03F-007/031  Organic compounds not covered by group 

G05B-019/00  Programme-control systems 

G06F  ELECTRIC DIGITAL DATA PROCESSING 

G06F-017/00  Digital computing or data processing equipment or methods, specially adapted for specific 
functions 

G06F-017/50  Computer-aided design 

G06F-019/00  Digital computing or data processing equipment or methods, specially adapted for specific 
applications 

H01L  SEMICONDUCTOR DEVICES; ELECTRIC SOLID STATE DEVICES NOT OTHERWISE PROVIDED FOR 

H01L-021/00  Processes or apparatus adapted for the manufacture or treatment of semiconductor or solid state 
devices or of parts thereof 

H01L-021/02  Manufacture or treatment of semiconductor devices or of parts thereof 

H01L-021/027  Making masks on semiconductor bodies for further photolithographic processing, not provided 
for in group 

H01L-023/00  Details of semiconductor or other solid state devices 

H01L-023/48  Arrangements for conducting electric current to or from the solid state body in operation, e.g. 
leads, terminal arrangements 

H01L-029/00  Semiconductor devices adapted for rectifying, amplifying, oscillating, or switching, or capacitors 
or resistors with at least one potential-jump barrier or surface barrier, e.g. PN-junction depletion 
layer or carrier concentration layer; Details of semiconductor bodies or of electrodes thereof 

Table 46: Entire list of IPC codes 


