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Abstract 

Due to the nature of innovation, digitization and technology has entered the manufacturing industry, introducing 

Industry 4.0. The great amount and high variety of information about what is the next big disruption generates 

speculation in the market, some argue it to be The Factory or the Future. The big players in the automotive and 

aerospace industries have already placed big bets on 3D printing as a means of manufacturing future components 

in their aircrafts and vehicles, taking the lead on driving innovation forward. However, there is an uncertainty in 

the market concerning the technology of 3D printing’s potential. It has also proved to bring major advantages for 

manufacturing in the hearing aid industry, however it is deemed to never be able to match the economic benefits 

of mass production. How do companies cope with the new technological trends coming along with the ever-

evolving digitalization in the world?  

We selected 3D printing technology as our case for this study, as it has been said to still have many shortcomings 

before full acceptance in the market, meanwhile, research on adoption comes short. As such it is an interesting 

area of investigation. 

The uncertainty, in combination with barriers, is dominating in the decision of some companies to reject 3D 

printing technology. These parameters become mitigated as more knowledge and information about 3D printing 

is acquired. A dynamic market with unclear technology standards, a lack of quality compliance system, slow 

speed and high costs cause many companies to be reluctant to invest today. Also, lack of talent and expertise, in 

combination with fixed attitudes in traditional companies constitutes barriers that cause a lack of innovation with 

3D printing.   

From findings from both 9 qualitative interviews and 29 respondents to a survey, we were able to map out the 

different companies along a self-made decision tree for 3D printing evaluation and investment. The decision 

process takes into consideration elements of attitude, actions, and use in regards to 3D printing. We further 

identify that 80% of the respondents experienced uncertainty related to the adoption.	

By applying theory on strategy under uncertainty, advanced manufacturing technology adoption, acceptance 

process of technology, and diffusion of innovations, we suggest that decision making is a dynamic process, 

affected by decision makers’ perceptions of 3D printing characteristics, expected performance, effort required, 

facilitating conditions and external social conditions to affect adoption of 3D printing.  
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1. Reading instructions 

To give the reader an overview of how the thesis is structured, we will shortly describe the 

content of each chapter in the following.  

 

Chapter 2: Introduction 

The introduction will describe the broader context of the thesis along with presenting our 

research problem and research question.  

 

Chapter 3: The 3D printing technology 

In this chapter, we will briefly describe the 3D printing technology and offer some definitions 

to industry terminology. We will also introduce the 3D printing industry with some history, 

current trends and future outlooks.  

 

Chapter 4: Methodology 

This chapter presents the methodological decisions we have made to best answer our research 

question. This section includes our research strategy and means of data collection, as well a 

discussion around the delimitations of our study.  

 

Chapter 5: Literature review 

This chapter introduces the theoretical foundation on which we will build our analysis, along 

with an explanation of choice for each theory and how they complement or supplement each 

other.  

 

Chapter 6: Analysis 

This chapter presents an in-depth study of the decision process when evaluating potential 

investments in the 3D printing technology. Points of analysis are strategic uncertainty, 

perceptions and barriers to adoption.  

 

Chapter 7: Discussion 

This chapter includes a further discussion on certain topics in our findings, including soft vs. 

hard barriers, business model innovation, uncertainty, and deliberate vs emerging strategies.  
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Chapter 8: Conclusion and future research 

This chapter will conclude our findings and offer a summary of the most important aspects of 

this thesis. Further, we will present the limitations of our study as well as suggestions to 

future areas of research.  
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2. Introduction 

In today’s ever evolving world, technological development and digitalization is not only 

bringing new gadgets to consumers’ hands, but also changing the business landscape (DHL, 

2016; PwC, 2016). Major innovations, like advanced robotics, artificial intelligence, cloud 

computing, and the Internet of Things, among others, are being embedded in an integrated 

value chain shared by companies across the world. These maturing technologies are predicted 

to be bring significant advantage to several industries, and poised to transform the energy and 

manufacturing sectors. Academics and experts have claimed a new industrial revolution to 

have commenced, as such, the interconnected digital technology has caused the spur of the 

term Industry 4.0. (Geissbauer, Vedsø, and Schrauf, 2016).  

From a 2015 PwC global Industry 4.0 survey1, 72% of the of the respondents from the 

industrial production sectors stated that they were expecting to reach advanced levels of 

digitization and integration of Industry 4.0 their company by 2020 (PwC, 2016). According to 

a DHL report (2016), predictions of 3D printing concern that the technology is likely to have 

a significant impact in industries involved in heavy production, such as manufacturing. 

Estimates reveal that 10% of all discrete manufacturers will be using 3D printers by 2019. 

Earlier, digital technologies have caused major shifts within the industries wherein they have 

been adopted. A key fact is that such digitalization has allowed for physical objects to become 

intangible through digital content, like the transformation of a book into an e-book. Yet, the 

“job to be done” of the product or service has largely remained the same. The trend referred to 

as “dematerialization” has become a known term across the world (Rayna and Striukova, 

2015). Likewise, for the manufacturing industry has this trend made its appearance, and a 

move toward more digitized solutions started already decades ago with computer-controlled 

manufacturing systems and the like. This trend has accelerated due to the event of the 3D 

printing technology (Rayna and Striukova, 2015). 

For the enterprise, there has been a growing hype and excitement, and proponents predict the 

3D printing technology to potentially revolutionize manufacturing (DHL, 2016). Indeed, 3D 

																																																																				

1
PwC surveyed more than 2,000 companies from 26 countries in the industrial production sectors, including 

aerospace and defense; automotive; chemicals; electronics; engineering and construction; forest products, paper, 

and packaging; industrial manufacturing; metals; and transportation and logistics.	
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printing has proved its opportunities for appliance, for industrial manufacturing in particular. 

Yet, the technology has its boundaries (Edmondson, 2017). Compared to conventional 

manufacturing, 3D printing does not stand a chance in terms of matching the economies of 

scale for mass produced objects, even though 3D printers with scalability are being developed 

(Bosman, 2017). 

Even though there is great variety in information, mixed opinions and predictions about the 

direction of the 3D printing technology, leading companies worldwide have started to 

leverage it and model their demonstrations of inspiring applications across sectors, from 

aerospace and automotive industries to the healthcare sector and even food production. Some 

indications from 2016 of how such companies are driving the market of 3D printing forward 

is through major moves like the announcement of Mercedes-Benz first 3D printed spare parts 

service, the launch of HPs 3D printing initiative, and a multimillion dollar investment by GE, 

BMW, and Nikon into the 3D printing startup, Carbon (Vanian, 2016). 

Despite a growing consensus that 3D printing will be part of this next technological 

revolution, research comes short on the impact this can have on current businesses and 

business model innovation. Still, history has revealed that technological revolutions may 

cause businesses to be foregone without proper business model innovation. Further, capturing 

value with an advanced manufacturing technology can be extremely challenging. Hence, 

business model innovation may be crucial for keeping up with the market development 

(Rayna and Striukova, 2015).  

According to PwC’s Global Survey of CEOs, 64% of managers’ value innovation and 

operational effectiveness as equally important to the success of their company (PwC, 2013). 

This openness for breakthroughs in business model improvements is a turnaround from the 

earlier days when companies might be satisfied with incremental product improvements 

(PwC, 2013). However, the body of the organization might not be following nor recognize the 

vital importance innovation has for sustaining growth as well as the top management, and as 

such company culture comes to play (Doboni, 2008). 

The amount and variety of future 3D printing technology information is growing, and 

consequently, speculations appear of what will be the big next thing. As mentioned, Industry 

4.0 has become a fact, and the digital revolution also affects the manufacturing industry 
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(Geissbauer, Vedsø, and Schrauf, 2016). Statistics presented in the annual Wohlers Report 

show how the market for additive manufacturing has been growing exponentially up till now, 

and predictions indicate that a big potential lies within metals and production (Wohlers, 2016; 

Skinnerup, 2017).  

An area of investigation is arising, about how this information affect companies, and the 

traditional SME in particular. What influences their interest, assessment, or decisions 

regarding an investment in 3D printing? Do they see it as relevant for their use at all? If so, 

what is the best action strategy at the moment: bet big on the growing trends, wait and see 

how the market develops, or stick to current practices that they know and where uncertainty is 

low? 

 

2.1 Research problem 

Strategy and investment decisions are mostly made from predictions about the future. 

However, the future is greatly unpredictable and hence uncertain (Courtney et al., 1997), and 

for a strategic decision, the realized strategy often ends up being a result of the deliberate 

strategy and an emerging one (Mintzberg, 1985). Managers in stable business environments, 

where traditional approaches to deliberate strategy planning is common, tend to view 

uncertainty in a binary way, as either predictable or unpredictable. As such, risk appears 

where uncertainty can be underestimated, which can further lead to strategies built on the 

wrong predictions and consequently, not protect against threats nor exploit opportunities in 

uncertain environments (Courtney et al., 1997). A company’s strategic decision whether to 

adopt a technology like 3D printing or not might both neglect a strategy that will withstand 

competitors in foregoing them by utilizing 3D printing, and miss the opportunity of e.g. 

competitive advantage from 3D print technology themselves. 

According to the annual worldwide progress report on the 3D printing state of the industry “it 

is too early to know if AM will lead to a new industrial revolution, but some indicators 

suggest that it might. Some of these indicators include the removal of many barriers to 

entering the product development and manufacturing business, a reduction of transaction 

costs, and the decentralization of some types of production. Other signs are a reduction of 

delivery cost due to the close proximity of the customer and an increase in custom product 
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development. Most indications suggest that we are headed toward a new method of 

manufacturing and an industry worth tens of billions of dollars” (Wohlers, 2016 p. 165). 

How can uncertainty be coped with for more companies to adopt and further accept 3D 

printing technology? What factors make managers view the future of 3D printing as uncertain 

that they decide not to adapt it? What are their expectations if they decide to adapt? What are 

the factors causing barriers to adoption?  

As today’s businesses need to be innovative to stay competitive (Schilling, 2013), a 

prioritized objective among manufacturing companies is to search new ways of doing 

production (Raymond and St-Pierre, 2009). In relation to this, companies need to assess 

whether the technology of 3D printing might affect their business in any substantial way. If 

so, they might want to consider whether to get involved to the degree that they affect the way 

the future market is shaped, adapt to the already existing market, or to use an awaiting 

strategy approach until the future is less uncertain and more knowledge is acquired (Courtney 

et al., 1997).   

Industry 4.0 has become a key term in companies’ evaluation processes about industry 

development and competitive forces (Staal, 2017). As this fourth industrial revolution has had 

its spur, the question is how companies see themselves taking part of it, and how they should 

go forward executing their strategic actions. According to Staal (2017), a key problem today 

is the view many companies holds of 3D printing as a stand-alone system, and their 

expectancy of it to perform the given job as it is. As such, the 3D printing technology will not 

have a natural intervention in the 4.0 movement, and consequently, both already companies 

applying 3D printing and the ones for whom it would be advantageous, are at risk of missing 

out on the shared benefits from an Industry 4.0 perspective. 

Proponents of 3D printing technology have compared it to disruptive technologies like online 

streaming of music, which enables users to order their products or services from home. 

However, the 3D printing development is inclined to be quite distinct from the earlier digital 

movements. As the technology is today, it is unlikely that there will be a 3D printer in every 

home and that consumers will fabricate personal objects soon, or ever (Lange, 2017). Also, 

3D printing does not stand a chance up against conventional manufacturing in terms of 
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reaching benefits from economies of scale for mass produced objects, even though 3D 

printers with scalability are being increasingly developed (Bosman, 2017). 

The activity of investigating both the technical and economic opportunities of 3D printing can 

be relevant for many businesses in the manufacturing industry today. Dynamic market 

environments can cause businesses to change, due to e.g. new technology opportunities, or 

regulatory pressure, as how the aerospace and automotive industry currently is forced to 

innovate to create more fuel-efficient solutions, as emission regulations that are increasingly 

getting stricter (Wohlers, 2016). Meanwhile, traditional mass production has been migrating 

to third world countries, causing European and other Western World manufacturing firms to 

lose their competitive edge (Petrovic et al., 2011). The 3D printing technology presents viable 

opportunities for firms to innovate and gain competitive advantages. The technology has 

come to the fore over the past decade with a range of new 3D printing features, materials, and 

solutions has convinced several businesses that the technology has potential of being a real 

game changer (Wohlers, 2016). 

However, this spur in development giving the wide range of variety also brings the element of 

uncertainty. Companies facing this variety experience that they lack the knowledge and 

rationality to identify the suitable technology, application, and extent of use for their needs. 

Consequently, many companies blame this uncertainty for limiting their ability to calculate a 

business case for 3D printing and incorporate it into their strategic vision (EY, 2016).  

Regardless of the information in the market about 3D printing opportunities, trends, and 

investments, more research is needed on adoption and what impacts adoption of 3D printing 

among companies in order to further advance the insights of how 3D printing can generate 

value for it to make sense in a future global perspective (Schniederjans, 2016).  

 

2.2 Research Question  

Statistics reveal that adoption of 3D printing technology systems in manufacturing industries 

is currently growing at an exponential rate (Wohlers, 2016), yet there is still a gap in the 

research on ways to enhance adoption. Investment decisions in 3D printing has also proved to 

bring challenges as well as benefits, as many business face barriers and obstacles in the 
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process. As introduced, more information about which barriers affect evaluation and 

investment should be provided for it to be an attractive area that make sense for investment. 

Also, actual practiced methods for how to overcome uncertainty and barriers for 3D print 

adoption is needed (Schniederjans, 2017).  

Due to this area of missing information, we seek to present an in-depth study of 

manufacturing practitioners, across industries, relation to 3D printing adoption. We will 

investigate the hurdles that companies encounter in the process of considering whether to 

invest in-, adopt, and fully accept 3D printing in their businesses today. We thereby seek to 

understand the reasons behind why businesses wherein an adoption would make sense are still 

not (fully) utilizing this technology. Furthermore, this study seeks to illuminate underlying 

factors that cause some companies to be pending and cautious in adopting an innovation like 

3D printing. This has led us to pursue the investigation of the following research question:  

 

 

  

We choose to include and address three sub-questions to better answer the main research 

question. We focus on three dimensions connected to the research topic; the experienced 

barriers connected to the decision, the degree to which benefits from an adoption of 3D 

printing leads to further investment decisions toward full acceptance of it, and lastly and the 

perceived future uncertainty that follows the consequences of the decision. 

 

How does the process forego in evaluating and deciding upon 

investment in 3D printing technology? 

	

1. How is the perceived uncertainty in the market affecting 3D printing adoption 

decisions among companies today? 

2. What elements hinder the full acceptance of 3D printing technology among 

manufacturing companies? 

3. How is “fully accepted” defined in terms of using 3D printing? 
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Objectives of the research: 

• To determine the most prevalent elements affecting the decision process of an 

investment in 3D printing technology and further identify which ones are more 

dominant for central decisions. 

• To uncover if experienced uncertainty, due to the market offerings and information 

about 3D printing technology, is perceived among companies when they consider an 

investment in the technology. Further, to see which actions to mitigate uncertainty are 

more common, and seemingly working in practice. 

• To uncover what barriers companies face in their decision process about investing in 

3D printing and illuminate the most prevailing ones that dominates a rejection 

decision. Based on such findings, we aim to make comparism between accepting and 

rejecting actions along different decision levels. 

• By defining “fully accepted” we seek to understand how the potential of 3D printing 

can be exploited in manufacturing companies beyond a purchase, or an adoption, of a 

3D printer. As such, we seek to know how extent of usage affects added value to the 

process and/or end product. We aim to find definitions for approximate extents of 3D 

printing usage in order to distinguish adoption from acceptance of an innovation. 

• Lastly, we seek to apply our acquired knowledge from the studies in a way that is also 

applicable for future situations. We aim for the findings from both theory and 

practices about general management of an innovation to apply for other business areas. 
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3. The 3D printing technology 

In the following we will give a brief introduction to the 3D printing technology in its various 

shapes as we find it necessary to include to facilitate for understanding of the research topic 

along the thesis. We will also present some brief history, current industry trends and outlooks 

on the future, along with some definitions on relevant terminology. As our aim and objective 

with this thesis is to study managerial concerns connected to the decision process of 

investment into 3D printing, we will not give much attention to the very technical dimensions 

of the topic, but keep our focus in a business perspective.   

 

3.1 Definition and concept of 3D printing 

3D printing is defined as “the fabrication of objects through the deposition of a material using 

a print head, nozzle, or other printer technology” (Wohlers, 2016 p. 15). The term “3D 

printing” belongs to the broader terminology “additive manufacturing” (AM), and these two 

words are often used interchangeably. 3D printing is more widely understood, especially in 

the mainstream media and among non-engineers, while AM is the official industry term, 

according to ISO and ASTM standards (Wohlers, 2016). Throughout this paper we will be 

using the term “3D printing”.    

“AM is used to build physical models, prototypes, patterns, tooling components, and 

production parts in plastic, metal, ceramic, glass, and composite materials. AM systems use 

thin horizontal cross sections from 3D models created by computer-aided design (CAD) 

software, 3D scanning systems, and medical scanners.  

Parts can be created in a layer-by-layer fashion by extruding, jetting, photo-curing, 

laminating, or fusing materials. The range of materials includes plastics, metals, ceramics, and 

composites. The feedstock options for AM processes are filaments, pastes, liquids, powders, 

pellets, and sheets” (Wohlers, 2016 p. 17).  

The general process of how 3D printing foregoes is by firstly generating a digital model with 

the CAD software tools as the most common method. The business or the consumer can also 

download free, or purchase files from makerspace platforms such as Thingiverse, or outsource 
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the digital designing to a service provider. The CAD file further needs to be converted into a 

Stereolithography (for STL) file in a STL. viewer which further converts the file into a slice 

that allows the designer to adjust and customize the object before final printing. Next, the 

actual printing takes place, which is highly automated and need no monitoring (Redwood, 

2017).	Close to being a completed object, the event of removing prints takes place. This varies 

depending on technology used, but can sometimes be a very complicated procedure that 

demands skilled knowledge, safety procedures and controlled environments. The very last 

step of the 3D printing process is the post processing step, which again varies with the 

technology used. Supporting parts needs to be removed, curing of UV for SLA parts, stress 

relief in oven for metal parts, high pressure air cleaning, polishing, and coloring before use 

(Stratasys, 2017; Wohlers, 2016). 

 

3.2 History 

The 3D printer has been around since the beginning of the 1980’s, and ever since the 

technology has developed significantly and branched out in different techniques (EY report, 

2016). 

In 1981, Hideo Kodama of Nagoya Municipal Industrial Research Institute published his idea 

of a functional rapid prototyping system, which could produce models built up in layers. 

Three years later, the immense and important breakthrough invention of Stereolithographic 

Apparatus (SLA) was released, and then patented in 1986. The possibility to create something 

digitally and then have it printed out as prototypes presented a huge opportunity to inventors 

as it enabled them to try their designs in advance of a great manufacturing investment 

(Goldberg, 2014).  

Two of the other main 3D printing technologies to this date were also invented back then, by 

the end of the 1980’s. Fused Deposit Modeling (FDM) and Selective Laser Sintering (SLS), 

both patented and commercialized shortly after. The FDM technique uses a nozzle through 

which melted material is printed on a bed that lowers after each layer is completed, while SLS 

is similar to the technique of SLA, except for rather using powder to be grained together 

rather than liquefied photopolymer (Sculpteo, 2016). The inventor or the FDM technology 

subsequently founded Stratasys to commercialize the technology (3D Innovations, 2012).  
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In 2005, RepRep project was founded, an open source initiative that can build a self-

replicating 3D-printer. The vision was to democratize manufacturing by making 3D printing 

available to a low price and available to people everywhere. The RepRep project resulted in 

the launch of the first 3D printer of this kind in 2008 (T.Rowe Price, 2012). 

 In 2009, the FDM patents that were held by Stratasys expired, an event which spurred a wave 

of innovation, lowered the prices for commercial 3D printers and made it more widely 

accessible. Consequently, 3D printing became more visible to the world in general (Sculpteo, 

2016). The SLS patent expired in 2014 (TechCrunch, 2012), which allowed for increased 

innovation as the it becoming accessible generated market competition for developing the 

technology. 

Originally, 3D printers were intended for industrial use exclusively, however with the expired 

patents, higher market concentration, and increased focus on R&D and innovation, the cost 

has decreased to a level which has put the technology within reach for SMEs and individual 

entrepreneurs (Rayna and Striukova, 2015). Thus, due to the trend of the technology 

becoming more accessible and affordable, while simultaneously more advanced, makes it 

progressively becoming a technology almost any company can integrate into their business 

model (Edmondson, 2017). 

 

3.3 Industry use today 

Companies are increasingly becoming aware of the 3D printer as newer and more advanced 

techniques and materials have become available to work with (EY Report, 2016).   

In today’s market there are seven major 3D printing techniques; including Fused Deposit 

Modeling (FDM), Selective Laser Sintering (SLS), Stereolithography (SLA), Direct Metal 

Laser Sintering (DMLS), Laminated Object Manufacturing (LOM) and Inkjet Bio Printing. 

The most commonly used materials concern plastics, industrial metals, resin, liquid 

photopolymers, sandstone, and industrial metals. Advanced technology developments also 

allow for prints with wood, food, and bio materials (Wohlers, 2016). 

A drawback of printers up till the most recent years has been that printers only can handle one 

material at the time, and as such its use has also been limited. More advanced systems have 
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been brought to market that can print simultaneously with several materials, e.g. was Stratasys 

among the earliest to offer a printer (sold at $250,000) that could print from more than 100 

materials (up to 14 simultaneously) and manufacture multiple-part objects that are at the same 

time rubber and rigid, opaque and transparent (Stratasys, 2017). 

This increase in the variety of materials has improved the applicability in many different 

manufacturing industries (Schniederjans, 2017). In a report made on 3D printing by EY, 

released in 2016, 24% of the companies that were studied reported that they were currently 

using 3D printing in their business. 12% of the companies reported that they were considering 

to use it. Furthermore, 24% of companies reported that they were considering 3D printing as 

being a strategically important technology for them, while 56% said that it does not affect 

their company (EY report, 2016). 

The economic implications of 3D printing are forecasted to be significant. By 2025, 

McKinsey forecasts that the 3D printed section of the manufacturing industry will be worth $ 

550 billion (McKinsey, 2013).  
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4. Methodology 

In this section, we have detailed the methods used for collecting and analyzing the empirical 

data and knowledge that our thesis is based on. We will explain the fundamental research 

philosophy we hold, in addition to presenting research strategy and design for the reader to 

understand where our ideas and assumptions come from. Lastly, we have clarified the validity 

and reliability of our data and included limitations of our methodological choices. 

 

4.1 Research approach and philosophy 

Our research philosophy, our assumptions about the way we view the world, underpins our 

research strategy and the methods chosen within that strategy (Eriksson and Kovalainen, 

2015). Awareness of this philosophical commitment through our choice of strategy is 

important as it significantly impacts what we do and the way we understand what we are 

investigating in this research (Johnson and Clark, 2006 in Saunders, 2012).  

 

4.1.1 Pragmatism 

In terms of ways we think about our research process, two stands on research philosophy can 

be taken: ontology and epistemology (Saunders, 2012). However, we saw that a choice of one 

research philosophy over the other was not realistic due to our research question requiring 

variation in both ontology and epistemology. In accordance with Tashakkori and Teddlie 

(1998) in Saunders (2012), we have carried out this study by investigating an area of our 

interest and which mirrors our values, through practices we found appropriate, and lastly we 

used the findings and results in ways that brought about positive consequences in line with 

our values. 

This thesis reflects our assumption about how the world operates and our commitment to 

particular views. We hold the ontological aspect of subjectivism in studying how different 

social phenomena in companies affect 3D printing investment decisions and their expectations 

about the future. Subjectivism takes the stand of that social phenomena are created from 

social actors’ perceptions of their existence and the consequent actions of those (Eriksson and 
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Kovalainen, 2015). Furthermore, this is a continuous process and as such in constant state of 

revision, which also is necessary as social constructionism can influence the social actors’ 

perceptions. This social constructionism views the world as being socially constructed and 

follows from the philosophy of interpretivism in that subjective meanings needs to be 

explored for the researcher to understand how they are influencing the social actors’ actions 

(Saunders, 2012). As such, we seek to understand the subjective reality of management 

working with 3D printing investment decisions by gathering insights from individuals 

involved in such processes, and thereof understand their interpretations and meanings given 

their environmental context (Eriksson and Kovalainen, 2015).   

The view of epistemology, meaning the accepted level of knowledge for our study, we hold is 

the one of the “feelings researcher”, as we place the major authority on the qualitative data 

collected which presents employees feelings and attitudes toward 3D printing technology and 

adoption of it as a narrative. Again does the interpretivist philosophy term appear since it is 

commonly adopted by the “feelings researcher” in the development of knowledge, and 

accordingly also taken in this thesis as we have taken a pragmatic approach (Saunders, 2012). 

Interpretivism is one of three approaches that provide a distinctive view on how knowledge 

emerges. The other two are realism and positivism. We have to some degree also adopted the 

positivist philosophy as we later in the research process utilized a quantitative method for 

gathering data, being through our survey. By holding a positivist view one usually prefer 

dealing with observable social reality that can generate end products/results that are law-like 

generalizations (Greener and Martelli, 2015). The strategy of generating such data the 

researcher normally builds hypothesis on existing theory and knowledge, which subsequently 

are tested and further developed to gather facts about the topic or hypothesis one is testing. In 

this process, we as researchers are taking the philosophy of epistemology stance as the 

“resources researcher” and the natural scientist, which argue that data collected is more 

shielded against bias and as such more “objective” (Saunders, 2012). The survey was made 

with the option of the respondents to remain anonymous and as such we as researchers had 

very little power to influence the respondents’ answers (Levy and Lemeshow, 1999). A more 

detailed description of the survey design and method is provided later in this section. 

Due to our research philosophy, having developed from a interpretivist towards a positivist 

view, there is little doubt about us adopting a pragmatic position in how we have collected 
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knowledge and proof for our study about the decision process for 3D printing technology 

adoption (Saunders, 2012). The main reason behind this situation is the fact that different 

philosophical stands and methods have proved to be more appropriate than the other at 

different phases throughout our study.  

Initially, an open and interpretivist approach proved to be effective as we had little knowledge 

in advance about technology, decision process, and adoption barriers within the area of 3D 

printing. As we got to know more underlying factors to the research problem we decided to 

investigate, we found applicable theories that we further decided to integrate in our study. As 

such, we found it relevant to apply a quantitative tool for testing if our in-depth insights were 

the case for more companies in a similar situation (Eriksson and Kovalainen, 2015). However, 

the objective of this phase was not to produce law-like generalizable data like that of a 

physical or natural scientist, but rather as a tool for gathering data in a more efficient way 

(Levy and Lemeshow, 1999). The scope and timeframe of this thesis did not allow us for both 

conducting a highly qualitative data analysis and a fully statistically significant quantitative 

part, and thereof we decided on holding the interpretivist tradition. 

 

4.2 Abductive approach 

Our research approach has been a combination of inductive and deductive as the thesis has 

developed over the course of this study, as such, we have in effect taken an abductive 

approach (Saunders, 2012). At the first research phase, we took an approach where we 

observed the phenomenon of 3D printing by research and collecting qualitative data through 

interviews, next we gained more information and narrowed down our theoretical and research 

field for subsequent interviews, this in an iterative process going through 9 interviews. Later, 

we developed theory after analyzing that data to discover more about the phenomenon 

throughout the study. The findings and explanations obtained from the qualitative data 

collection were assessed and used for further data collection, using a quantitative method.  
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4.3 Exploratory study 

The purpose of this thesis has been to explore a phenomenon that we did not have solid 

knowledge about in advance. According to Saunders (2012), conducting an exploratory study 

is a fitting method as we were unsure of the precise nature of the problem we were to 

investigate, being decision processes, barriers, and adoption of 3D printing. The methods we 

used were both search of literature and conducting interviews with experts for 3D printing 

technology. The flexibility of doing an exploratory study has aided us from initially having a 

broad and open approach of investigating the problem, to progressively narrowing the focus 

down as the research has processed over time (Greener and Martelli, 2015). 

Our research can be argued to also be explanatory to some degree, as our qualitative data set 

could reveal relationships between key variables, i.e. perceptions of the 3D printing 

technology and the experienced barriers for accepting it. However, our quantitative data set is 

not statistically significant for generalizing to the total population of manufacturing 

companies across the world, and as such we cannot confidently claim any variable to be 

dependent or correlated with another for our case (Levy and Lemeshow, 1999).   

 

4.4 Research strategy - mixed methods 

We have employed both case study and a survey to best answer our research question, and as 

such we have applied multiple methods. More specifically, we have used a mixed-model 

research where we have combined qualitative and quantitative techniques for collecting data 

about barriers to adoption of 3D printing. We deliberately chose a mixed-model as this 

provided us with more thorough and useful information. We first conducted qualitative 

interviews at the very exploratory stage, and then to some degree quantified it in a survey to 

get more explanatory data. The benefits of applying mixed methods are triangulation, which 

concerns different data sources to underpin research findings of another; facilitation, in that 

the qualitative data aided the development of the quantitative data; complementarity, in that 

the qualitative data enabled us to get deeper reasoning and the quantitative data to get more 

tangible facts; and aid interpretation, i.e. of relationships in quantitative variables (Saunders, 



	

22	

2012). Another advantage of doing mixed methods designs is the fact that the possibility of 

discovering unanticipated results is greater (Eriksson and Kovalainen, 2015). 

 

4.4.1 Case study 

As our research has been exploratory to a high degree, a case study research is very suitable 

method as it better answers the “why” question due to the case study facilitating for a 

combination of different data collection techniques and triangulation (Saunders, 2012). It also 

allowed for us to explore existing theory, to challenge it, and for reshaping and discovering 

new research questions. We have applied this strategy by both having interviews in-person, 

over phone and skype, by email, and sent out a questionnaire (appendix A).   

We conducted nine qualitative interviews with organizations concerned with 3D printing, 

some using it, some considering it, some producing 3D printers, and some doing research on 

it. This allowed us to acquire knowledge from a range of perspectives and as it such facilitated 

for better understanding of the research topic of the 3D printing technology. 

As such, we performed a multiple case study strategy, which is preferable over a single case 

study strategy, according to Saunders (2012) and Eriksson and Kovalainen (2015). The case 

study was holistic, as our research was concerned with the companies treated as whole, and as 

we did not investigate the various sub-units within the organizations. 

 

4.4.2 Survey 

The other research strategy we took use of in this thesis is conducting a survey (appendix A) 

that we distributed to various companies. As a survey is an effective and appropriate tool for 

obtaining data about facts, perceptions, and better answers the “what” and “how” questions 

for answering the research question (Saunders, 2012). Contrary to the traditional frames of a 

survey, ours do not comply with the typical regularities for statistically generalizing our data 

due to it not having a sufficient size. However, this was also the intention and generalization 

based on our data was never an objective in this thesis. The aim of the survey was not to 
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discover quantifiable and generalizable statistics, but simply to identify some key variables 

and thus create more tangible results for the thesis study in an effective and unbiased way. 

The questionnaire was initiated by the insights from the qualitative data in combination with 

theory that we sought to apply, thus we built our questions based on theoretical frameworks 

for decision making processes, perceptions, barriers to adoption of innovation, and 

uncertainty. Then the survey was broadcasted to a convenient sample of companies (Levy and 

Lemeshow, 1999). Yet, we sought to reach as many companies as possible, regardless of 

whether the company was using 3D printing or not, as the objective was to uncover 

parameters affecting the decision process of an investment into 3D printing, such as which 

managerial barriers are more common than other. The sample collection was also done 

independently industry and technology usage, as we aimed to look at 3D printing in general. 

Importantly however, was the fact that we actively searched manufacturing companies 

through industry sites like indexa.dk, proff.no, and the like, in order to select the industries. 

We also sent the survey to the companies already interviewed, as a proof test on that we had 

interpreted them correctly, and to see if the key experiences and barriers revealed in the 

qualitative interviews were consistent with how other companies were experiencing the same 

issue. 

As we wanted answers from companies no matter their relation to 3D printing, we designed 

the survey so that there were multiple tracks (appendix A). First, we separated the respondents 

depending on whether they were using 3D printing or not. If respondents were using 3D-

printing as a part of their business, they were put in the track “Yes, using”. The respondents 

who were not currently using 3D printing were divided up in possibly three tracks, depending 

on whether they were considering, maybe considering or not considering to use 3D-printing. 

Thus, we ended up with 4 different tracks in total:  

1. “Yes, currently using 3D printing” 

2. “No, not using 3D printing, but currently considering it”  

3. “No, not using 3D printing currently, but could maybe consider it” 

4. “No, not using 3D printing currently, and not considering it either” 
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Our reasoning for choosing these four tracks is that it allows us to compare the perceptions 

between companies depending on their current relation to 3D printing, with the aim to test 

whether, or to which degree, perceptions about performance, required effort, facilitating 

conditions and social influence can impact the adoption and use of 3D printing. Furthermore, 

we presented questions that would uncover the aspects of uncertainty, barriers, and general 

use and attitudes toward the technology. 

In all four tracks, we have asked general questions about their relation to 3D printing. We 

designed the first three tracks with some questions that refers to Venkatesh et al. (2003) key 

determinants of behavioral intention and usage. We have asked questions regarding 

uncertainty in the first two tracks. We designed the last track so that we would get some 

insights to the general perception of 3D printing, of those companies who are not using 3D 

printing and are not considering to do so either, as it would not be relevant to ask them 

questions about their expectations and perception regarding circumstances of usage.   

As 3D printing manufacturing methods comes in a range of varieties and for different 

purposes (Wohlers, 2016), we decided that a cross-industry analysis would be suitable to 

uncover common barriers to adoption (Levy and Lemeshow, 1999). As such, we have 

interviewed companies with different relations to 3D printing.  

The companies we have obtained information from were chosen to represent the variety that 

exist for companies exploring 3D printing in the real market. However, we have not 

conducted a study that is significantly generalizable, but that still can showcase how today’s 

situation of the research topic is. The investigated businesses were both small and medium 

enterprises, and big sized companies. 

 

4.6 Data collection method 

To acquire in-depth knowledge and gain understanding about our research topic, we took use 

of a range of different sources, which count as the evidence for our study (Saunders, 2012). 

The obtained data includes both primary data gathered from 9 qualitative interviews and a 

quantitative survey that with 29 valid responses, and quantitative data extracted from 

secondary data sources (appendix C).   
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4.6.1 Primary data 

The primary data collection started off with an exploratory approach where we sought to 

understand the 3D printing phenomenon and define key areas of investigation (Saunders et al. 

2012), by having qualitative interviews with representatives from 9 different companies with 

different business approaches to the technology. The interviews were semi-structured and 

open-ended as this approach is appropriate due to the interviewees having different 

backgrounds, perceptions toward the technology, and descriptions of the topic (Saunders, 

2012). Somehow as researchers, we tend also to generate data, over collecting data, when we 

ask for information through interviews, and hence we were cautious and deliberately held 

several interviews to review the findings critically (Martelli and Greener, 2015). To keep 

some structure over the explorative process, we presented the interviewees with relatively 

similar questions about the technology, however, with ongoing moderations as we obtained 

new information which caused the next set of questions to slightly change to get more in-

depth understanding. Also, for all interviews, we presented our topic and study objectives for 

the thesis for the interviewees to get a sense of the scope of the research (Levy and 

Lemeshow, 1999).   

We collected and studied our data over a cross-sectional time horizon as we were looking at 

the status in the market of 3D printing adoption at one time and did not follow the companies 

over a longer period. This was due to our objective of catching today’s status concerning 

adoption of 3D printing among companies, and which barriers they were/are experiencing at 

their different investment decision points. As we sent out the questionnaire only once for each 

company, we consequently obtained the information about companies’ relation to 3D printing 

at that time.  

In addition to interviews and the questionnaire, we attended two 3D printing conferences with 

the intentions of getting updated knowledge on the topic, network, and discuss our ideas and 

perceptions of issues concerning adoption of 3D printing today with experts within the area. 

We worked voluntarily at the Inside 3D Printing Conference and Expo in Düsseldorf and 

participated at the MADE Innovation Conference in Odense during our time of this study. In 

this way, we also got contacts with relevant knowledge for further interviews and respondents 

for our survey. 
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The list of contributors is shown and introduced on the following pages (in no particular 

order).  

 

Ingeborg Rosenvinge, Head of R&D 3D-print, Thürmer, Hvidovre, Denmark.   

Thürmer is producing and supplying a wide range of cutting tools that were mostly produced 

in Denmark. The company has been working with metal 3D printed tooling since 2013, and 

established the Thürmer 3DPrint department in 2015, which offers consultation and 

production of 3D printed items. This development process is supported by the Danish 

Technical University, DTU, through the program “Smart Innovation”. From a qualitative 

interview with Ingeborg Rosenvinge, we got to know how the process of Thürmers adoption 

of 3D printing has foregone.  

 

Ilko Bosman, Manager Finance and IT, Additive Industries, Eindhoven, Netherlands. 

Additive Industries is a Dutch 3D-print system provider, based out of Eindhoven. AI is 

dedicated to provide high-end and demanding markets with 3D-printing products and 

services. They offer a modular 3D-printing system and an integrated information platform.  

We interviewed Ilko Bosman, where we learned about what opportunities he believes that 

their metal 3D-printing system has in terms of higher volume production and what the future 

holds. Bosman was also one of the speakers at the Inside 3D printing Conference and Expo in 

Düsseldorf, and as such we got to present ourselves and ask for an interview.  

 

Nigel, MADE, Aarhus, Denmark.  

MADE (Manufacturing Academy Denmark) is an organization that works to improve 

production in Denmark through research, innovation and education.  

MADE is focused on helping small to medium enterprises improve their production 

processes. Among other projects, MADE is the sponsor of a cluster project with 8 different 

companies, with the purpose to provide them with knowledge and education on 3D-printing.  

 

Martin Laher, Miba, Laakirchen, Austria.  

Miba is one of the leading strategic partners in the automotive industry. They offer products 

such as sintered components, engine bearings, friction materials, power electronics and 
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components and coatings. Miba’s value proposition is to make motor vehicles, trains, ships, 

aircraft and power plants more efficient, reliable and more environmentally friendly. 

Me met Dr. Laher at the Inside 3D printing Conference and Expo in Düsseldorf, where we 

spoke to him about Miba’s interest in 3D printing which we followed out with an e-mail 

interview shortly thereafter. At the time of the interviews, Miba was currently in the process 

of evaluating 3D-printing as a means of end production.  

 

Torben Lange, Xaar Aps, Copenhagen, Denmark.  

Xaar Aps is a 3D-printing system provider that was just recently founded, in 2016/17.  We 

spoke to Torben Lange, that previously worked at Blueprinter which was a SLS 3D-printing 

system provider, also based out of Copenhagen.   

 

Dr. Martin Holland, PROSTEP AG 

PROSTEP offers security solutions for engineering processes. They are currently working on 

a project that is focused around producing a block chain technology for the transmitting of 

digital 3D-printing models, with the aim to protect IP-rights.   

 

Fredrik Nilsson, Tetra Pak AB, Lund, Sweden.  

Tetra Pak is a global leader in the processing and packaging for food and beverages. We 

spoke to Fredrik Nilsson, which is responsible for the use of 3D-printing at their headquarters 

in Lund, Sweden. Fredrik could provide us with an insight to how 3D-printing is handled in 

such a big and traditional company as Tetra Pak.  

 

Lars Gistorp, GT Prototyping, Ystad, Sweden.  

GT Prototyping offers 3D-printing services to companies across-industry, mainly in Sweden 

but have customers in all of Scandinavia. We spoke to the CEO, Lasse Gistorp, who could 

provide us with some valuable insights about his customers and the way that they use GT 

Prototypings services. 

 

Dr. Guido Adam, DMFC, Germany.  

DMFC is a research institute and a part of Plopper University in Plopper Germany. They are 

devoted to research on 3D-printing, and have a close collaboration with the industry. Dr. 



	

28	

Adam could provide us with an up to date view of the current 3D-print situation, and what 

challenges and opportunities that lies ahead.  

 

4.6.2 Secondary data 

Our secondary data was mainly obtained from searching in CBS- and similar databases, 

relevant publications of the technology, the Wohlers Report 2016; the official worldwide 

progress report on 3D printing and additive manufacturing state of industry, and journals and 

articles from online magazines and newspapers. Some data was also collected at conferences, 

as we attended both the Inside 3D printing Conference and Expo in Düsseldorf, Germany, and 

the MADE (Manufacturing Academy of Denmark) Innovation Conference in Odense, 

Denmark. Both conferences had line-ups with speakers that were experts within the area 

whom we also got to network with and share our thoughts for our research study. The most 

valuable contributions came from:  

● Fried Vancraen, CEO, Materialise 

● Ilko Bosman, Manager Finance and IT, Additive Industries 

● Nikolai Zaepernick, Senior VP Europe, EOS GmbH 

● Dr. Christoph Kiener, Principal Expert Sustainability Engineering, Siemens AG 

● Lasse G. Staal, CEO, AddiFab 

● Jeppe Skinnerup, Teknologisk Institutt 

 

4.7 Reliability and validity 

We deliberately aimed for our research process to have a credible and reliable design for our 

findings from the data collection to disclose the right information about the phenomenon we 

were investigating, and not fudged in any way (Martelli and Greener, 2015). In that our 

findings are reliable lies that we would have obtained the same information under different 

circumstances, by other observers, and the degree of transparency in how we made sense of 
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the raw data (Saunders, 2012). Validity concerns the accuracy of our observations, and our 

observations and findings cannot be valid if our study is not reliable (Martelli and Greener, 

2015).  

Considering that participant error can be a threat to reliability, we deliberately chose days in 

the week where the interviewed employees and the questionnaire respondents were less likely 

to be influenced by their weekly mood swings, i.e. on a “high” mood on a Friday afternoon. 

Further, we also needed to be aware of participant bias, as there is a chance the interviewee 

e.g. could tell a biased story about how their company is very resourceful and innovative to 

give the impression of a great company culture. In our questionnaire, we solved this threat by 

allowing the respondents to be anonymous. With the qualitative interviews this was harder to 

ensure, yet we sought to ask open, semi-structured, and non-leading questions where the 

interviewee could talk freely within the context of our topic. A third threat to reliability is the 

chance of observer error, which we sought to avoid by having structured interview questions 

and by both interviewers being present and being able to ask follow-up questions. Lastly, the 

chance of observer bias could have influenced the information gathered, however we did not 

have any relation to any of the interviewees in advance and intentionally kept the interviews 

on the focal company and on the topic of 3D printing (Saunders, 2012). 

According to Greener and Minelli (2015), there are mainly three ways of measuring validity 

for research studies; face validity, construct validity and internal validity.  

We deliberately aimed for our research process to have a credible and reliable design for our 

findings from the data collection to disclose the right information about the phenomenon we 

were investigating, and not fudged in any way (Martelli and Greener, 2015). In that our 

findings are reliable lies that we would have obtained the same information under different 

circumstances, by other observers, and the degree of transparency in how we made sense of 

the raw data (Saunders, 2012). Validity concerns the accuracy of our observations, and our 

observations and findings cannot be valid if our study is not reliable (Martelli and Greener, 

2015). According to Greener and Minelli (2015), there are mainly three ways of measuring 

quality for research studies; face validity, construct validity and internal validity. Face validity 

concerns whether the findings are in general beyond the specific case study, meaning to what 

degree it can be generalized. For our survey, we do not have a big enough sample size, and as 

such the findings cannot be generalized in a statistical sense. However, they do illustrate the 



	

30	

situation for actual companies, and as such it can be used as a basis to for future research on 

the topic. Out construct validity could have been improved if we had received more 

respondents taking our survey in each category. Yet we did get a thorough exploratory study 

in the early stages of our thesis, and due to the solid amount of interviews, reports, survey 

data and by attending two conferences about 3D printing, we are confident in our data to be 

adequately valid for our analysis and discussion. In terms of internal validity, the finding 

provided solid information from which we can draw a conclusion. We did take all 

preconditions for making the data collection as less biased as possible, considering that 

participant error can be a threat to reliability, we deliberately chose days in the week where 

the interviewed employees and the questionnaire respondents were less likely to be influenced 

by their weekly mood swings, i.e. on a “high” mood on a Friday afternoon. Further, we also 

needed to be aware of participant bias, as there is a chance the interviewee e.g. could tell a 

biased story about how their company is very resourceful and innovative to give the 

impression of a great company culture. In our questionnaire, we solved this threat by allowing 

the respondents to be anonymous. With the qualitative interviews, protection against bias was 

harder to ensure, yet we sought to ask open, semi-structured, and non-leading questions where 

the interviewee could talk freely within the context of our topic. A third threat to reliability is 

the chance of observer error, which we sought to avoid by having structured interview 

questions and by both interviewers being present and being able to ask follow-up questions. 

Lastly, the chance of observer bias could have influenced the information gathered, however 

we did not have any relation to any of the interviewees in advance and intentionally kept the 

interviews on the focal company and on the topic of 3D printing (Saunders, 2012). 

 

4.8 Aims and objectives of the research  

We are aiming to uncover certain market conditions and underlying factors affecting the use, 

and extent of use, of 3D printing technology today. This we seek to do by investigating the 

decision process to an investment in an innovation, like 3D printing. The objective is to 

confirm if the market of 3D printing technology and its appliance can be classified as a 

dynamic environment due to technology changes over the past years, and further to 

investigate if this influences companies both using and not using 3D printing in terms of 
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perceived uncertainty connected to it. Concretely, an objective is to spot what is hindering 

adoption and full acceptance of 3D printing, through looking at most prevailing barriers to 

investment, among companies. In order to look at the decision process, we also seek to study 

how perceptions affect decisions, hence look at the deciding organizations perceptions of both 

external and internal factors, mainly being the technology in the market itself and facilitated 

resources and competencies within the company. Lastly, we seek to understand the term 

“fully accepted” in terms of 3D printing use, what the potential may be and how companies 

may be fully using, thus fully accepting, the technology in their businesses today. 

4.9 Delimitations 

This study is focused on the 3D printing industry and not any specific regions. However, our 

study is based on a convenience sampling, where we have drawn information from company 

representatives whom we have a proximity to. As such, we have mainly interviewed with 

Danish, Swedish and German companies. Further, our survey sample consist of 29 

respondents, and does not fulfill the requirement of representing 10% of a population (Levy 

and Lemeshow, 1999). Hence, our sample is not statistically generalizable and thus 

representative for the whole population of companies using 3D printing, and there might be 

some cultural bias in our sampling. Another limitation to our study is that we have only had 

one interview per company, with one representative only. We are applying the theory not on 

an individual level, but on a company level, so that every respondent represents the company 

and the perceptions the company holds. Moreover, we have no data on the moderators (age, 

gender, experience, and voluntariness of use) of the relationship between the determinants and 

behavioral intention and use of 3DP, as described in Venkatesh et al. (2003).  
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5. Literature review 

The research question “How does the process forego in evaluating and deciding upon 

investment in 3D printing technology?” along with the three sub questions amalgamates three 

research areas; strategy under uncertainty, barriers to adoption of technologies, as well as the 

acceptance of new technologies, in which the latter includes perception of technologies. In 

this section, we will review literature that we believe is best suited to serve as a theoretical 

basis for the assessment and analysis of our research, and thus help us answer our research 

question.   

Our main theories of choice are 1) Strategy under Uncertainty (Courtney et al., 1997); 2) The 

acceptance process (Kollmann, 2004); 3) The Unified Theory of Acceptance and Use of 

Technologies (UTAUT) (Venkatesh et al., 2003); 4) Diffusion of Innovations (DOI) (Rogers, 

2003); and 5) Advanced Manufacturing Technology Adoption (AMTA) 

(Darbanhosseiniamirkhiz and Ismail, 2012).  

Strategy under Uncertainty by Courtney et al. (1997) provides a solid theoretical base for 

analyzing companies’ decision making in the uncertain environment that we have argued the 

3D printing industry to be. To supplement this, we have chosen to combine two theories that 

allows us to analyze the decision making along the acceptance continuum of 3D printing, 

being UTAUT (Venkatesh et al., 2003) and the Acceptance Process (Kollmann, 2004). The 

combination of UTAUT and the Acceptance Process allows for assessment of the constructs 

of UTAUT in the attitude phase to form a baseline, manage them within the adoption phase 

and then evaluate them within the acceptance phase to showcase whether expectations of 

stakeholders have been met. By combining the two theories, UTAUT is complementing the 

Acceptance Process by explaining the environment that affects technology adoption rather 

than solely the technical factors, and thus the aspect of management’s perceptions and 

expectations is included (Kiwanuka, 2015).  

Rogers (2003) well known theory about Diffusion of Innovations (DOI) is among the theories 

that UTAUT builds on, and hence it holds some valuable elements for our study as well. The 

fact that DOI takes into consideration human perceptions of an innovations characteristics, we 

find it interesting to apply for an in-depth look at what the interviewees and representatives 

from the survey claim to think of 3D printings characteristics. Based on a deeper 
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understanding, we are more equipped to draw a conclusion on what factors might be 

hindering adoption or full acceptance of 3D printing today.  

An innovation may have been invented a long time ago, but if individuals perceive it as new, 

then it may still be an innovation for them. The newness characteristic of an adoption is more 

related to the first three steps (knowledge, persuasion, and decision) 

The acceptance process of Kollmann (2009) is included in our study to a great degree as 

topics from the different elements within the three phases of acceptance are covered across all 

questions in the survey. As such, the theory inspired our survey design, and we created four 

different tracks for the respondents to be exposed for different attitude questions, among 

other, in the direction of their relation to 3D printing, we also managed to “follow” to what 

level of acceptance the respondents were placed. As such, by utilizing the acceptance process 

as a tool, we could to some extent identify how the decision process of each company had 

developed, in retrospect. 

Additionally, we have chosen to analyze the barriers the companies in our study are facing 

with AMTA (Darbanhosseiniamirkhiz and Ismail, 2012), as it provides us with a thorough 

framework of factors that may be crucial in decisions about adoption of advanced 

manufacturing systems.  

 

5.1 Strategy under uncertainty 

- Courtney et al. (1997) 

How should executives facing great uncertainty decide whether to bet big, hedge, or wait and 

see? The traditional approach of planning a future strategy requires relatively stable business 

environments, where managers can calculate future strategic investments with discounted-

cash-flow analysis and scenario analysis and make sensitivity forecasts based on changes in 

key variables, with the goal to find the best possible outcome and then plan a strategy. The 

danger about this traditional approach is that managers might develop a binary, black-and-

white view on uncertainty, assuming the world to be either predictable and certain or 

unpredictable and uncertain. 
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They further say that strategies built on management’s underestimating uncertainty neither 

protect against threats nor exploit opportunities, which high-level uncertainties may provide. 

E.g. did one of the greatest underestimations of uncertainty of all times occur in 1977 when 

the president of Digital Equipment Corporation, Kenneth H. Olsen, announce that “there is no 

reason for any individual to have a computer in their home”.  

When the business environment is characterized by uncertainty however, Courtney et al. 

(1997) offers an approach that help managers avoid black-and-white views on uncertainty by 

stressing the need for managers to rather think rigorously and systematically about it to make 

sound decisions. Normally, there is always some information of strategic importance in an 

uncertain environment. Courtney et al. suggests a framework of four levels of uncertainty that 

managers can use to determine to which degree a strategic decision is uncertain. The most 

predictable level is “a clear-enough future”, followed by “alternate futures”, “a range of 

futures”, and to the least predictable “true ambiguity”. 

Based on the level of uncertainty a strategy should be formulated by taking a strategic posture 

vis-à-vis uncertainty which clarifies strategic intent in addition to a certain type of action that 

will fulfill that intent. The former is a choice of a strategic posture relative to the current and 

future state of the industry, being either shaping, adapting, or reserving the right to play in the 

industry. The latter, also called a portfolio of actions are strategic moves under uncertain 

conditions: big bets, options, and no-regrets moves. 

Position in the market  

Shapers aim to take a leadership role and establish how the industry operates by e.g. setting 

standards or creating demand. Their strategies are about creating new opportunities in a 

market, either by shaking up relatively stable level 1 industries or by trying to control the 

direction of the market in industries with higher levels of uncertainty. 

In contrast, adapters take the current industry structure and its future evolution as givens, and 

they react to the opportunities the market offers. The advantage for adopters can be to win 

through higher speed, agility and flexibility in spotting opportunities in existing markets.  

By strategically reserving the right to play, a company does a special form of adapting. This 

posture is relevant only in uncertainty levels 2 through 4, and it involves making incremental 

investments today that put the company in a privileged position later, through either superior 
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information, better cost structures, or relationships between customers and suppliers. That 

allows the company to wait until the environment becomes less uncertain before formulating a 

strategy. 

Actions 

Big Bets actions involve the strategy to be a heavy commitment, like major capital 

investments or acquisitions, that either can result in large payoffs, or large losses, depending 

on the scenario. Shaping strategies usually involve big bets, whereas adapting and reserving 

the right to play do not. 

Options are designed to secure the big payoffs of the best-case scenarios while minimizing 

losses in the worst-case scenarios. This asymmetric payoff structure makes them resemble 

financial options. Most options involve making modest initial in- vestments that will allow 

companies to ramp up or scale hack the investment later as the market evolves. 

No-regrets moves are just that-moves that will pay off no matter what happens. Managers 

often focus on obvious no-regrets moves like initiatives aimed at reducing costs, gathering 

competitive intelligence, or building skills. However, even in highly uncertain environments, 

strategic decisions like investing in capacity and entering certain markets can be no-regrets 

moves. Whether they put a name to them, most managers understand intuitively that no-

regrets moves are an essential element of any strategy. 

 

5.2 Acceptance process. Attitude, adoption and acceptance 

- Kollmann (2004)  

In terms of considering market success for an offering, one can view it in two dimensions: the 

act of purchasing a product or system, and the act of using the product or system in a recurrent 

matter. Often, the market success of an innovation distinct from that of a traditionally 

marketed product in that is not solely determined by sales, but primarily through the 

customer's actual usage of the innovation. Actual usage entails both type and extent of usage, 

and in this lies that an appropriate or continuous usage of a new technology will result in 

relative advantage and market success for the technology. The intentions of the provider of 

the technology is to generate actual usage, as it can be correlated with increased revenue.  
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In relation to the decision making of technological innovations on the customer side, 

Kollmann (2004) investigates the applicability of the traditional approaches within business 

research which mostly has been concerned with attitude and adoption/diffusion research. 

Kollmann (2004) further propose a differentiated understanding of “acceptance” and develops 

an empirically tested process model for how the customer makes decisions regarding use of a 

product or service.  

Within attitude research, market success had been referred to as an “inner positive readiness” 

to buy a product, and as such it is only describing an intended behavior concerning an action 

in relation to an adoption. There is a suspected positive relationship between attitude and 

actual behavior. However, the type and extent of actual usage is not part of the construct 

“attitude”. Due to this, an assessment of market success due to quantifying attitude alone is 

not satisfactory. Kollmann (2004) argues the term “attitude” to be composed of three 

components: “the cognitive component refers to the knowledge, values, and opinions the 

person has about the attitude object. The affective component reflects feelings 

(positive/negative), evaluations, or emotions regarding the object. The conative component 

reflects behavior tendencies toward the attitude object. The conative component reflects 

behavior tendencies toward the attitude object” (Kollmann, 2004 p.136). 

In relation to measuring market success in terms of “adoption”, this commence at the actual 

time of a customer adapting or purchasing a technology. This action is a consequence of the 

adopting object, the management of an organization, to assessing their attitude and 

expectations concerning an innovation, a product, or a technology, and a decision to either 

adapt or reject it after a trial. 

It is a common postulation that use, is a result from adoption. However, much of the 

alternative presentations concerning this topic is not stating the type and extent, or intensity of 

the usage. In relation to this, it is important to acknowledge what constitutes extent of usage 

of a phenomenon as the term itself is a variable parameter; going from using something once, 

like eating a dish, on one side of a continuum; to continuous usage, i.e. accommodation, on 

the other.   

“Diffusion” refers to the development after adoption of an innovation from the point of time 

from the first to the last adopter in a social system (Rogers, 1962; in Kollmann, 2004). As 
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diffusion research entails, individual adoption decisions over time to explain the distribution 

of innovations in the market, being the market success, and does not consider type and extent 

of usage, it is questionable whether it can be representing a suitable tool for interpreting 

market success of a technological innovation.   

Kollmann (2004) indicates that a different phase of usage follows the purchase or adoption 

decision of an innovation. While adoption of a technological innovation occurs at the point of 

time when the innovation is purchased, “acceptance” is regarded as the act of usage when the 

innovation is permanently integrated to daily activities and for more intensive use.  

Supporting this, a separation the two was opted in the 1980’s as previous research has 

supported the notion of equalizing the terms “adoption” and “acceptance”, and consequently, 

“adoption” was interpreted as the decision to purchase, while “acceptance” as the decision to 

use the product. In this sense, it is necessary to interpret acceptance as continued usage, with 

“low acceptance” meaning low tendency to use and “high acceptance” as tendency for 

frequent and intensive use (Kollmann, 2004). It is further necessary to view acceptance as a 

dynamic construct which can be seen in a continuum going from low to high acceptance, 

which also can change over time due to multidimensional levels of interpretation. 

The term “acceptance” is thus based on three different levels of interpretation: the phase of 

assessment, the phase of action, and the phase of use. The three levels are further down 

composed of nine elements. Each phase constructs different levels of acceptance that the focal 

company ideally follows down the process from obtaining an attitude toward an innovation, 

adopting that innovation, to highly accept the innovation through extensive use. 

1. The assessment (attitude) phase involves raising awareness and interest and then forming 

expectations of the technology. 

· Awareness 

· Interest 

· Expectations/Assessment 

In the assessment phase the decision maker(s) forms a mental picture of usability expectancy 

of the technology, and this phase is important before adoption of any technology. The primary 

concern is the attitude held to the technology and entail parameters that influence the 

perceptions of it. Such parameters can be “relative advantage”, “compatibility”, “trialability” 
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or “uncertainty” for a technological innovation. The first three parameters relate positively to 

the assessment level in that “the better the relative advantage, the more positive the 

assessment of the technology”, and conversely by the last, “uncertainty”, in the concern held 

by the decision maker to not achieve the objectives of an adoption. 

Based on an assessment of advantages versus disadvantages, an expectation is formed 

including individual requirements for the technology to fulfill, which lead to a prognosis of 

whether the decision maker should “accept” “potentially accept” or “not accept”. Based on 

this prognosis, the decision process either ends, continues to action phase, or directly moves 

on to use phase. 

2. Action (adoption) phase involves trying the technology, purchasing or adopting it and 

implementation. 

· Trial/experience 

· Purchase/adoption 

· Implementation 

The concern at the action level is primarily the adoption conditions. The decision to adopt 

includes certain parameters that are influenced by the the results of the assessment level, in 

addition to different aspects of the actual situation. For a technological innovation, such 

parameters may include e.g. “readiness to pay”, which entail the financial expenditure for a 

purchase. This parameter can be stated to have a positive relation to the adoption decision in 

that “the more pronounced the indicators, the more positive one can expect the results of the 

action level to be”, meaning that the more calculated a business case with financial metrics, 

the better the expected outcome. The parameters go through a final trial/test which is followed 

by adoption if passed, and subsequently implemented if the system. 

3. Use (acceptance) phase involves deciding on whether to use the technology, using it and 

lastly terminating the use of it (end use). 

· Decision of use 

· Use experience ß à use assessment 

· Use assessment 

à End use 
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5.3 UTAUT 

- Venkatesh et al. (2003) 

The unified theory of adoption and use of technologies (UTAUT) by Venkatesh et al. (2003), 

formulates a unified model for acceptance of technologies, that integrates elements from eight 

different models on user acceptance.  

As Venkatesh et al. (2003) argues, quite intuitively, for technologies to bring productiveness 

to a business, they need to be accepted and used by the employees within the organization. 

UTAUT can help managers understand the drivers of acceptance, so that they can design the 

implementation process of new technologies accordingly, effectively targeting those within 

the organization that might be less inclined to adopt and use new technologies. In other words, 

the UTAUT can help managers assess the probability for success when investing in a new 

technology.  

UTAUT presents four key determinants of intention and usage and up to four moderators of 

key relationships, derived from theory from eight of the previous mentioned models. The four 

key determinants, that UTAUT proposes to play a direct and significant role as a determinant 

of acceptance and user behavior, are performance expectancy, effort expectancy, social 

influence, and facilitating conditions. The key moderators are gender, age, experience, and 

voluntariness of use.  

Performance expectancy refers to which degree an individual believes that using the new 

technology will provide a benefit to their job performance, which is a determinant of the 

intention to use the new technology. Venkatesh et al. (2003) suggests that there are reasons to 

believe that the relationship between performance expectancy and intention is moderated by 

gender and age. The performance expectancy is more salient to men, and particularly for 

younger men.  

Effort expectancy refers to the perceived degree of ease associated with innovation use, which 

will act as a determinant of intention to use focal innovation. The key moderators of the 

relationship between effort expectancy and intention to use new technologies are proposed to 

be gender, age and experience. Venkatesh et al. (2003) suggests that the effort expectancy 

determinant is to be salient for women, particularly older women, with relatively little 

experience with the focal technology.  



	

40	

Social influence refers to the extent to which users perceive how important others think they 

should use the innovation is, and acts as a determinant of intention to use a new technology. 

Venkatesh et al. (2003) proposes that all the key moderators influence the relationship 

between social influence and behavioral intention in the way that it is more likely to be true 

for women, particularly older women, particularly in mandatory settings, when they have little 

experience with the focal technology.  

Facilitating conditions refers to the perception of resources and support available to help 

guide the use of the new technology. Facilitating conditions do not act as a determinant of the 

intention to use new technologies, and it is the only determinant that acts as a direct 

determinant of usage. The effect that facilitating conditions have on the usage of new 

technology is moderated by age and experience, in a way that the effect will be stronger for 

older workers, particularly with increasing experience, as proposed by Venkatesh et al.  

(2003).  

 

5.4 Diffusion of Innovations 

- Rogers (2003) 

The Diffusion of Innovations theory by Rogers (2003) explains how new ideas and practices 

spread within and between communities, referred to as social systems. Rogers (2003) defined 

the rate of adoption as “the relative speed with which an innovation is adopted by members of 

a social system”. The theory holds four main elements: the innovation, communication 

channels, time, and a social system. 

The theory shows how diffusion of innovation occurs through five stages for each adopter; 

concerning knowledge, persuasion, decision, implementation and confirmation. This process 

is called the Innovation Decision Process and it considers the five stages as communication 

channels through which technologies must go through to be adopted.  The adopters of a 

technology are categorized into innovators, early adopters, early majority, late majority, and 

laggards depending on their level of adoption relative to newness of the innovation. These 

categories form a bell-shaped curve. Further, the theory considers a set of constructs that 

affect the adoption across the social systems. 
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Diffusion is “the process by which an innovation is communicated through certain channels 

over time among the members of a social system”, while an innovation is “an idea, practice, 

or object that is perceived as new by an individual or another unit of adoption” according to 

Rogers (1995). He also argued that diffusion is a general process and thus displayed patterns 

and regularities for it, regardless of the type of innovation studies, who the adopters were, or 

by place or culture.  

Innovation: According to Rogers, “An innovation is an idea, practice, or project that is 

perceived as new by an individual or other unit of adoption” (Rogers, 2003). An innovation 

may have been invented a long time ago, but if individuals perceive it as new, then it may still 

be an innovation for them. The newness characteristic of an adoption is more related to the 

first three steps (knowledge, persuasion, and decision) of the innovation-decision process. 

Rogers categorized innovations into two types: preventive and incremental (non-preventive) 

innovations. “A preventive innovation is a new idea that an individual adopts now to lower 

the probability of some unwanted future event” (Rogers, 2003). Preventive innovations 

usually have a slow rate of adoption so their relative advantage is highly uncertain. However, 

incremental innovations provide beneficial outcomes in a short period. 

Communication channels: Communication is described as “a process in which participants 

create and share information with one another to reach a mutual understanding” (Rogers, 

2003). Rogers argues that diffusion is a type of communication where elements of the 

communication consist of the innovation, two individuals or other units of adoption, and a 

communication channel. He also argues that the diffusion is a social process to a high extent, 

which involves interpersonal communication relationships. Such interpersonal relationships of 

communication are said to be very powerful in creating strong attitudes for an individual, and 

the communication can have the characteristic of homophily or heterophily. The diffusion of 

innovations requires heterophily to some degree, however this is also the reason behind most 

problems in the diffusion of innovations as participants are too heterophilous. 

In addition to the difference of homophily and heterophily, communication channels also 

distinguish the individual of the social system and the outside sources in terms of locality and 

cosmopolite channels. Interpersonal channels can be both local and cosmopolite, while all 

mass media channels are cosmopolite. Due to the characteristics of the channels, cosmopolite 

channels prove to be more significant at the knowledge stage and more interpersonal, localite 



	

42	

channels makes more sense at the persuasion stage. In his last work Rogers argues the Internet 

to be representing a strong tool of diffusion. 

Time: Rogers argues that the aspect of time illustrates one of the diffusion strengths as the 

innovation-diffusion process, adopter categorization, and rate of adoptions all include a time 

dimension. 

Social system: The last element of the diffusion process is the social system, defined as a set 

of interrelated units engaged in joint problem solving to accomplish a common goal” (Rogers, 

2003). As the diffusion occurs in a social system, it is influenced by the social structure of the 

system, and furthermore Rogers claims that the nature of the system affects the 

innovativeness of individuals or units, which also is the main criterion for the categorization 

of adopters. 

Rogers further described the innovation-diffusion process as “an uncertainty reduction 

process”, and he proposes attributes of innovations that help to decrease uncertainty about the 

innovation. Attributes of innovations includes five characteristics of innovations: (1) relative 

advantage, (2) compatibility, (3) complexity, (4) trialability, and (5) observability. Rogers 

stated that perceptions of these characteristics predict the rate of adoption of innovations”. 

Also, Rogers noted that although there is a lot of diffusion research on the characteristics of 

the adopter categories, there is a lack of research on the effects of the perceived characteristics 

of innovations on the rate of adoption. 

1) Relative advantage is defined as “the degree to which an innovation is 

perceived to be better than the idea it supersedes”. This is argued to be the most 

influential attribute to help reduce uncertainty.  

2) Compatibility refers to “the degree to which an innovation is perceived to be 

consistent with current values, needs, and past experiences of potential adopters”.  

3) Complexity is “the degree to which an innovation is perceived as relatively 

difficult to understand and use”. As such, extremely complex innovations may be take 

longer to be accepted among potential adopters.  
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4) Trialability is stated to be “the degree to which an innovation can be 

experienced with on a limited basis”. Trialability is also a factor in the speed of 

adoption, where an innovation that can be experienced gets adopted faster.  

5) Observability is “the degree to which the results of an innovation are visible to 

others” (Rogers, 2003).   

5 Stages of Diffusion: The adopters making up the social system are classified into adopter 

categories based on their innovativeness, and in each category, the individuals are similar in 

terms of this innovativeness. “Innovativeness is the degree to which an individual or other 

unit of adoption is relatively earlier in adopting new ideas than other members of a system” 

(Rogers, 2003, p. 22). The characteristics for each category are:  

Innovators – these earliest adopters are more willing to experience new ideas. They are risk 

taking as they are willing to expose themselves for uncertainty and unprofitable and 

unsuccessful innovations. 

Early adopters – this group of adopters are slightly more limited than the innovators, and are 

likely to be taking lead as role models for the others in the social system. Therefore, the other 

members seek advice and information from early adopters, by the fact that “early adopters put 

their stamp of approval on a new idea by adopting it” (Rogers, 2003, p. 283). As such, this 

group’s attitudes are spread to other members of the social system through interpersonal 

networks, and by adopting the innovation the early adopters decrease uncertainty about the 

innovation. 

Early majority – this group does not have the effect of role models in the social system such 

as early adopters, however, they do have good communication with others in the social 

system. They spend more time on evaluating a decision to invest than the innovators and early 

adopters. These members are just a step ahead of the rest of their peers on adoption.  

Late majority – this group entail one third of all members in the social system who are waiting 

to adopt. This group are even more skeptical than their peers in the early majority, yet 

pressure from peers and economic factors lead them to adopt. They are persuaded to adopt by 

close peers in the interpersonal networks as it reduces the uncertainty, and as such “it feels 

safe to adopt” (Rogers, 2003, p.284).  
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Laggards – the members in this category are very sceptic toward the innovation. They are the 

most localized group of the system, meaning that they do not interact as much with the earlier 

adopters and mostly stick to interaction with each other. These do not have any leadership 

role. Conversely, they need to make sure that the innovation actually brings advantage before 

an adoption by looking at other members of the systems experiences, due to their lack of 

awareness-knowledge of innovations. Consequently, this group’s innovation decision process 

is very long.        

The Diffusion of Innovation theory concerns newness of ideas, this newness enlightens the 

importance of the concepts of uncertainty and information. Uncertainty is defined as “the 

degree to which several alternatives are perceived with respect to the occurrence of an event 

and the relative probabilities of these alternatives”, it motivates individuals/organizations to 

seek information as the uncertainty is an uncomfortable state. One kind of uncertainty is 

generated by innovation, as it presents new alternatives and new means of solving problems. 

However, the probability that the innovation is superior to previous practice is unknown and 

thus it motivates individuals/organization to seek more information to cope with the 

uncertainty. Information is often sought from peers, and often through interpersonal networks, 

corresponding with the DOI to be a social process.  

 

5.5 Advanced Manufacturing Technology Adoption 

- Darbanhosseiniamirkhiz and Ismail (2012) 

Darbanhosseiniamirkhiz and Ismail (2012) argues that SMEs should re-assess their 

manufacturing processes and strategies, and that it is of the utmost importance for them to 

integrate latest manufacturing strategies and business processes. Advanced Manufacturing 

Technology (AMT) is an efficient and cost saving solution for manufacturing firms, and plays 

a key part in the process of reimagining manufacturing processes.  

However, SMEs are struggling to exploit the business opportunities that these technologies 

bring, even though there has been identified and clarified benefits of usage. They are often 

facing barriers in the planning, installation and implementation phases of AMT’s, which 

thereby hinders them from fully enjoying the benefit of these technologies.  
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There has been a lot of research conducted around the determinants of SMEs technology 

adoption strategies, however, there is only a small number of studies that presents a 

comprehensive framework that integrates these findings. Darbanhosseiniamirkhiz and Ismail 

(2012) seeks to fill this gap in the literature by developing a comprehensive framework.  

Areas that should be taken in consideration when looking to invest in AMT’s are Investment, 

Assessment, Implementation, Development, and Benefits of AMT. AMT’s include both soft 

and hard technologies, used to improve manufacturing capabilities. The implementation of 

AMT’s has been proven to increase manufacturing productivity in previous studies.  

The advancements in the IT sector led to a great number of different computer-controlled 

manufacturing technologies being invented during the last twenty years, all of which are 

included in the term AMT. The basic definition of an AMT is a technology related to 

manufacturing process. These technologies can store and control data, which reduces process 

variability and product changeover costs, which in turn increases productivity and enhances 

the product quality. Not all AMT’s are a proven concept yet however, and some have even 

proven to be a complete failure.  

Darbanhosseiniamirkhiz and Ismail (2012) presents an integrated framework, based on 

previous findings from a comprehensive literature review. The framework consists of three 

main dimensions, under which the key determining factors of AMT adoption have been 

placed. The dimensions are the Environmental, Organizational and Technological context.  

Environmental context 

External conditions play a great role in SMEs willingness towards adapting advanced 

technologies. There are three factors that define the environmental context: External Pressure, 

Supplier Support, and Financial Resources.  

Darbanhosseiniamirkhiz and Ismail (2012) suggests that there are two major sources of 

external pressure: customer’s pressure and competitors pressure. Meanwhile, 

Darbanhosseiniamirkhiz and Ismail (2012) notes that other authors maintain that the main 

source of external pressure is market, and thus a great influencer on firm’s adoption behavior. 

Furthermore, Darbanhosseiniamirkhiz and Ismail (2012) mentions that market concentration 

carry a positive impact on innovation, according to the Schumpeterian pattern on innovation.  
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Market pressure can be divided into technological dynamism, and market hostility. In order to 

stay competitive in a technologically dynamic environment, SMEs have to improve their 

technology. The same logic prevails in a hostile market where competition is fierce and one 

should stay on the forefront of technology to remain their competitiveness. Thus, 

Darbanhosseiniamirkhiz and Ismail (2012) argues that SMEs should work on a continuous 

basis with upgrading their manufacturing equipment.  

Darbanhosseiniamirkhiz and Ismail (2012) mentions that previous researchers on the topic 

believes that SMEs rapport with the suppliers of the technology is the only external element 

which has an impact on the adoption. In fact, a supportive relationship between adopter and 

supplier has been proven to be a key determinant of a successful implementation. 

Another factor which Darbanhosseiniamirkhiz and Ismail (2012) notes many previous 

researchers argues to be a key obstacle of adoption, is the financial resource constraints in 

companies, which can lead to reluctance in investments of AMT technologies, particularly in 

small companies. Meanwhile, other authors argue that it is unlikely that the financial resource 

aspect constitutes a barrier of acceptance in SMEs (Darbanhosseiniamirkhiz and Ismail 2012). 

A recent study, at the time of this article, that Darbanhosseiniamirkhiz and Ismail (2012) 

mentions, stresses the importance of governmental subsidies to SMEs in order to encourage a 

wider adoption of new technologies.  

Organizational context 

The organizational design of a company must be compatible with the alterations that comes 

with the implementation and adoption of an AMT, for it to be successful and fully exploitable. 

The organizational dimension in Darbanhosseiniamirkhiz and Ismail’s (2012) integrated 

framework consists of five key determining factors: Organizational Structure, Organizational 

Culture, Manufacturing Strategy, HR Practices, and Top Management. 

The structure of a company plays a key role in the implementation process of AMT, where a 

flat company structure with few layers of authority can enable a company to better integrate 

an AMT. The more traditional hierarchical structure is on the other hand believed to create 

barriers to adoption. In these instances, the match between the structure and the AMT may 

take up to several years to align correctly, as SMEs tend to have evolutionary rather than 

revolutionary structures.  
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A company with a controlling organizational culture is likely to have a less successful AMT 

implementation. On the other hand, an organizational culture that is more flexibility-oriented 

tends to be more prosperous for the implementation of AMT as it builds trust and allows for 

encouragement among colleagues.  

A manufacturing strategy can be defined as the policies that complements and supports the 

firm's position in the competitive environment. The manufacturing strategy literature proposes 

a strong correlation between firm performance and manufacturing strategy. The 

manufacturing strategy consists of four competitive priorities: quality, cost, 

dependability/delivery and flexibility.  

Employee support is an important factor for a successful adoption of AMT, and lack thereof 

prior to an investment has a significantly bad impact on the implementation process.   

There are two main requirements for an SME when adopting an AMT: hard needs and soft 

needs. Hard needs refer to different hardware equipment and facilities that are related to the 

preparation of the adopted AMT. The required skills and knowledge of the employees 

necessary to exploit an AMT are referred to as the soft needs.  

It is also vital for the top management to be encouraging and supportive throughout the 

adoption phase, as this is one of the best predictors of a successful implementation of an 

AMT. Moreover, it is important that the top managers understand the importance of a 

technology, so that they can persuade their employees to embrace it. To gain as much value as 

possible from an AMT, managers should focus on long term strategies that are flexible and 

responsive.  

Technological context 

The technological context includes Perceived Benefits, and Technology-in-use as key 

determining factors of AMT adoption.  

The advantages of AMT’s are referred to as Perceived Benefits. If the adopters of a 

technology recognize the benefits that the technology can bring, over current systems and 

practices, then the adoption is more likely to be a successful one. Darbanhosseiniamirkhiz and 

Ismail (2012) notes that previous scholars have found the perceived benefits category to be a 

powerful determinant of AMT adoption success.  
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There are two differing models in the literature in regards to how the sequential AMT’s are 

implemented in organizations. The incremental model offers that at all three levels of 

standalone, intermediate and integrated technologies follows a sequential progression. 

Meaning that regardless of the type of technology, it should be confirmed successful before an 

organization invests in the next generation AMT, which will probably be a more complicated 

version. The discontinuous model of AMT adoption on the other hand, argues that an 

integrated AMT needs to be meticulously planned and with committed resources. As such, 

implementing an integrated AMT requires all systems to be put into action, which is argued to 

be a big transformational change as opposed to a professional one. The implementation or 

adoption of standalone AMT’s or intermediate ones however, can be planned and executed at 

lower level management, with a lower level of resources.  

The framework is supposed to guide managers in the decision making of investments in 3D 

printing, by helping them answering questions related to barriers, benefits, and the relevance 

of having 3D printing in their businesses.  
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6. Analysis 

In this chapter, we will analyze the findings from our survey (appendix A) as well as our 

qualitative interviews and put these in the context of the decision-making process of 

evaluating 3D printing. The purpose of this analysis is to map out the different companies 

within a self-developed framework based on how far they have taken a decision process 

toward 3D print investment. In doing so, we will study how the respondents have claimed to 

deal with uncertainty, as well as their perceptions and barriers in regards to their current 

relation to 3D printing and their position on the decision-making continuum.  

We will start our analysis by presenting the key findings from our survey (Appendix C and 

D), along with definitions of the different categories of respondents as well as propositions for 

findings. An in-depth analysis of uncertainty in the decision process will follow, before we 

present our self-made decision making tree, like a framework, along with an analysis of the 

different phases of that. Lastly, we will do an analysis of the most prevalent barriers in our 

study to get a deeper understanding of the effect these have on the decision process.  

 

6.1 Survey  

From the findings in our survey, we got an indication of to which extent the company had 

implemented the 3D printing technology to their business, and as such, we could identify 

approximately how they have proceeded through the acceptance process and where they are 

along the continuum. Some might use 3D printing for simple prototyping, and still be in the 

step of trial/experience in the action phase, while others are using it for series production and 

can be categorized in “end use” and have per definition finished through the entire process. 

The aim of this research is to investigate if we can identify if companies tend to be reluctant 

to move on toward acceptance at a specific phase, and furthermore look at which parameters 

that phase contains that act as barriers to adoption. 

Based on our explorative research and qualitative insights with experts within 3D printing, 

evaluating this collected data, and forming a theoretical framework for our research, we have 

developed some propositions for the survey findings:  
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● We believe our findings will reveal clear differences between rejecting and 

accepting companies in terms of perceptions of 3D printing, experienced uncertainty, 

and in barriers. 

● We expect that 3D printing is mainly used for prototyping today and that 

barriers exist that are hindering companies for extensive use and acceptance of the 

technology. This might be due uncertainty, and risk averse attitudes towards financial 

investment in what is perceived as a new technology. We believe rigid organizational 

culture is likely to be a precondition for such attitudes as it is one of the hardest 

parameters to change (Wohlers, 2016; Lefley, 1999; Darbanhosseiniamirkhiz and 

Ismail, 2012).  

● We expect our extracted data to reveal experienced pre-investment uncertainty 

for the companies already taken an investment decision, and that different actions has 

been taken to mitigate those uncertainties among rejecting and accepting cases. A 

rejecting company might not have taken any action vs. an accepting company has 

taken several in order to cope with the uncertainty (Courtney et al. 1997). Specifically, 

we expect to find differences in uncertainty among companies not using (maybe 

consider, considering, or rejected) and those already using 3D printing, due to them 

not having adopted 3D printing yet.  

● We expect to disclose that perceptions of performance, effort, facilitating 

conditions and social conditions will differ between the categories, in that the 

companies adopting and fully accepting 3D printing has higher perceptions of 

performance, facilitating conditions, and social conditions, and lower perceptions of 

effort required, as these criteria are likely to influence incentive to adopt an innovation 

(Venkatesh et al., 1997). 

 

6.1.1 Definition of survey categories 

Below, we have defined the different categories of respondents from our survey. The 

categories represent the four different tracks in the survey, in which our respondents have 

indirectly placed themselves by answering what their current relation is to 3D printing 
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(appendix B).  If respondents are using 3D-printing as a part of their business, they are put in 

the track “Yes, using”. The respondents who reported that they are not using 3D printing are 

further divided up in three tracks dependent on whether they were currently “Considering”, 

“Maybe considering” or “Not considering” to use 3D-printing.  

 

 

Figure 1. Survey tracks 

We intend to further extract the quantitative data and position the companies along our 

decision-making tree, depending on their answers in their respective tracks. As such, the 

following categories do not represent the steps on our decision tree, yet they are an important 

measure to help us differentiate their levels of current use and consideration of 3D printing.  

“Currently not using, currently not considering” (appendix D, 1.1.5) 

This category concerns the companies that currently are not using 3D printing, and they are 

not considering to do so either.  

“Currently not using, maybe considering” (appendix D, 1.1.4) 

Companies in this category are currently not using 3D printing, but have not rejected the idea 

of it. These companies are in a current situation where they have not taken any measures of 

actions towards adopting 3D printing, but they could imagine to do so and thus an investment 

in the technology could potentially occur in the future.   
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“Currently not using, currently considering” (appendix D, 1.1.3 and 2.2) 

Companies that are currently considering 3D printing have already passed the state of interest 

and have decided to assess the business opportunities of the technology and are looking for 

the appropriate 3D print system for their use. They are taking various means of actions to 

overcome barriers and uncertainty in their decision process.  

“Currently using” (appendix D, 1.1 and 2.1) 

Companies that are in the “using” category have already assessed 3D printing and decided to 

invest in it. These companies have either purchased their own 3D printers or are using a 3D 

printer service.  

As previously mentioned, we have extracted companies from these categories and placed 

them on our decision-making tree based on how they have responded to more detailed 

questions in each of their tracks. We will prove an explanation as to how we done so in our 

analysis, along with our definitions of each of the different points in our decision-making tree 

for evaluating an investment in 3D printing.  

 

6.1.2 Key findings 

Our table of our key findings (appendix B) is developed for this thesis as an overview of the 

current state of adoption of 3D printing among the businesses we have investigated. The table 

shows our findings from the survey by categorizing the companies based on their relation to 

3D printing, and then in a combination with a connection to key determinants built on 

theoretical frames, mainly use, uncertainty, perceptions, and barriers. The findings are 

presented along a continuum: not using (rejected) – maybe considering (interested) – 

considering (assessing) – using (adopting/experiencing/accepting) – not using any more 

(rejected: wait and see). Thus, we have mapped out the responding companies from “not 

using and not having tried 3D printing” on one end of the continuum to “have tried 3D 

printing, but rejected to use any more). An excerpt of the total key findings table is given 

below (Table 1: Key findings excerpt “not using”, and Table 2: Key findings excerpt “using”). 
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The table showcase variations in experienced uncertainty and perceptions of the technology, 

barriers for adoption, which actions have been made to overcome barriers and decrease 

uncertainty, and lastly which position along the decision tree we have argued the different 

companies to hold, due to their actions along the decision process which we have interpreted 

from the findings. The self-developed decision tree should to be an easy and effective 

overview of how different stages along the decision process currently is managed at the 

determining decision points, i.e. how different categories introduce different barriers, which 

accordingly require different managerial actions. Yet, we find it necessary to emphasize that 

this is an overview of the sample of companies that we have investigated for this thesis and 

hence it is not very solid for wider generalization as it contains shortcomings on some areas, 

mainly on sample size (Levy and Lemeshow, 1999). 

31% of the total sample of 29 respondents are currently not using 3D printing, with a 

strikingly even portion of using vs not using both for SMEs (left diagram) and large 

enterprises (right diagram).  

  

Diagram 1 (SME) and 2 (large ent.): Using vs. not using 3D printing.  

  

Diagram 4 (SME) and 5 (large ent.): Companies not using 3D printing and the spread of 

consideration to use.  
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Table 1: Key findings excerpt “not using”. 

 

 

 



	

55	

Table 2: Key findings excerpt “using” 

 



	

56	

6.2 Analysis of uncertainty in adoption of 3D printing  

For an investment in 3D printing to be more likely, the technology must be generating a 

relative advantage over current value adding manufacturing methods (Edmondson, 2017; 

Rogers, 2003). However, when the outcome cannot be known or predicted, a company 

experiences uncertainty regarding the actual relative advantage yielded (Courtney et al. 2009). 

In this section, we will analyze what constitutes uncertainty in terms of 3D printing 

investment and further go in depth on the areas that stand out as most prevalent to affect 

uncertainty, being the perceived characteristics of the technology and the barriers that follows 

an adoption decision.   

Uncertainty is affecting companies in their decision process of adopting 3D printing as it is a 

strategic decision with an unknown outcome, more or less (Courtney et al, 1997). This is due 

to the ever-evolving technology and that new 3D printer systems are introduced to the market 

relatively frequently, according to Jeppe Skinnerup from the Danish Technological Institute 

(Skinnerup, 2017). 

According to our survey findings, 80% of SMEs using 3D printing today claimed that they 

experienced uncertainty before investment in 3D printing took place. Strikingly similar 

numbers count for the large enterprises, where also 80% of the respondents stated the same. 

We seek to spot areas in the decision process where the companies might experience a higher 

uncertainty than others, and moreover, where this uncertainty may become so dominant that it 

acts as a deal breaker for an investment decision about 3D printing. 

According to Rogers (2003), “the diffusion of innovation is an uncertainty reduction process”, 

which is both influenced by characteristics of the decision-making unit, and perceived 

characteristics of the innovation itself. As such, uncertainty in the market of 3D printing today 

is constituted by a combination of business managers’ characteristics and perceptions of the 

actual technological specifications offered in the market.  

By their very nature, investments in new technology are made under highly uncertain 

conditions which may involve great risks. Managers assessing an investment in 3D printing 

can predict risk by calculating the probability of an undesirable outcome and based on that 

make more salient decisions. However, the element of uncertainty exists when the outcome of 

an event or change is unknown, something that cannot be calculated (Lefley, 1997). As we 
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have argued earlier in this thesis, the future of 3D printing is uncertain. This is partly due to 

the future being an uncertain phenomenon (Courtney et al. 2009), but also based on 

compliance requirements of mainly quality, speed, and cost not yet being fulfilled by most 3D 

printing systems today, and as such the predictions about when the technology is “mature” 

appears uncertain (Lange, 2017; Rosenvinge, 2017). 

Some companies we have investigated for this thesis emphasize uncertainty and risk as 

something they see as a natural part of business, and thus something they need to face in order 

to explore new opportunities for their business (Thürmer, 2017; appendix C, survey 

respondent #11). Others among the 80% that said to have experienced uncertainty have 

expressed that it plays a great matter which needs to be mitigated in order for them to 

seriously consider 3D printing as an option for their operations (Laher, 2017). Mainly, they 

connect it to the barriers of “inadequate technology” and “inadequate materials”, and for 

metal printing in particular (appendix C).  

In relation to risk, uncertainty, and strategy planning in a dynamic environment, research has 

argued that investment proposals are influenced by personal risk that the individual decision 

makers within management is exposed to. Moreover, this individually perceived risk will 

spread to a group when group decisions are to be made, as in strategic investment decisions in 

new technology in companies (Lefley, 1997). As mentioned in the introduction of this thesis, 

managers may tend to consider future outcomes as either certain or uncertain (Courtney et al., 

1997), in addition to having personal traits of being risk taking or risk-averse at the individual 

and subjective level, we seek to clarify if differences in perceptions may vary among different 

company decisions regarding 3D printing adoption. For example, even though level of 

uncertainty and risk will remain, individuals in different companies may perceive it 

differently and consequently this might affect the different decision processes (Lefley, 1997).    

The Diffusion of Innovation theory is relevant for our study as it takes into consideration 

newness of ideas, a topic that enlightens the importance of the concepts of uncertainty and 

information. We argue that the development of the new 3D printing systems over the past 

decade, especially the invention of the metal printer, cause the technology to be considered as 

a new technology of manufacturing (Skinnerup, 2017). The relationship between uncertainty 

and information consist of the uncertainty to motivate organizations to seek information, as it 

is an undesirable and uncomfortable state (Rogers, 2003). 
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We spotted an interesting finding in that 100% in the category of currently considering 3D 

printing stated to be experiencing uncertainty, is higher than the already using companies, 

whom we know is 80%. This is an indication of the considering companies to actually be a bit 

pending, due to the high level of uncertainty bound to an investment. The lower the 

uncertainty, the clearer is the future, and as such the less hard of a choice is an investment 

decision, i.e. in 3D printing (Courtney et al., 1997). We will elaborate more about one of these 

companies pending, but actively seeking to lower uncertainty, Miba, in the next section of this 

analysis in relation to the decision tree.  

The probability that 3D printing brings relative advantage and is superior to a company’s 

current manufacturing activities can be calculated to some extent through a business case risk 

scenario, however the future will always bring some residual uncertainty (Courtney et al. 

1997), and as such it also motivates the organization to seek more information to cope with it 

(Rogers, 2003).  

For reducing uncertainty related to 3D printing adoption, 5 out of 25 companies replied to 

having engaged in networks, events, etc., in addition, 3 of the respondents claimed to having 

looked at what similar companies to them were doing. This behavior is to some degree 

consistent with the fact that within a social system, like that of the manufacturing industry, 

information sharing is widely appreciated (Rogers, 2003). Yet the findings do seem to deviate 

from the theory as the market situation is today (Rogers, 2003).  

A possible explanation to the finding about network engagement might be the convenient 

sample we investigated can be categorized to the early adopter category of Rogers (2003). As 

mentioned in the theory, such adopters take on the role as “trend setters” within the social 

system, and as such, there is not many companies before them that they can model themselves 

to. An example of such is the case of Thürmer Tools (appendix C, respondent #6), whom are 

exploring the opportunities of 3D printing to fit their needs, being to create customized 

components with very strong metal materials, and thus pushing the technology to new levels 

(Rosenvinge, 2017). They have not “looked at what similar companies were doing”. 

However, they have engaged in a collaborative project; “MADE Klyngeprojekt 3D printing” 

where they get expert expertise from the Danish Technological Institute and financial funding 

from MADE (Edmondson, 2017; Rosenvinge, 2017).  
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Another discovery that favors Thürmer for being an early adopter in its sense, and as such a 

trendsetter that other SMEs can model themselves to, is the fact that they have started offering 

3D printing seminars due to many companies contacting them and seeking advice 

(Rosenvinge, 2017). Despite having acquired solid knowledge about the technology and its 

opportunities, Thürmer is affected by the boundaries of the metal 3D printing today. The 

material is not solid enough for them to commercialize their business case yet, being drilling 

holes: “the development has improved to 50-100 holes. But where we need to get is to cut 

1000 or 3000 holes” (Rosenvinge, 2017). 

 

Isomorphism and uncertainty 

The 3 companies looking at what their peers in the industry are doing is a common action in 

an uncertain environment when companies are exposed to a new technology. As such, 

mimetic isomorphism is a phenomenon we could identify being present in this market. Both 

interviewees from Thürmer and Miba said that an objective was to be up to date and on the 

forefront of innovation (Rosenvinge, 2017; Laher, 2017). Yet, very few respondents in the 

survey indicated that the formal or informal pressure to adopt 3D printing was very high, but 

rather that it was an encouraging factor and as such not coercive, or forced, pressure by any 

stance. The findings we obtained from the survey are not strikingly consistent with the 

mechanic of institutional isomorphic change, being mimetic processes. Only 3 out of 25 

companies answered that to overcome uncertainty and barriers, they turned to look at what 

similar companies to them were doing (appendix C). As such, there might be a gap between 

the big international companies, like GE and Siemens, and the more traditional SME, as 

findings from reveal that they do not model, or imitate, actions of others to safeguard 

themselves in advance due to lack of similar companies having fully accepted 3D printing. 

Mimetic processes derive from coercive authority and originate from the fact that uncertainty 

is a powerful force which encourage imitation in the process of a company’s safeguarding by 

collecting information (DiMaggio P. J. and Powell W.W., 1983). As such, companies rely on 

modelling themselves to their peers when 3D printing is poorly understood, the objectives of 

adopting the technology are ambiguous, or when the market creates symbolic uncertainty for 

3D printing. Mimetic actions can also be understood as the companies seeking confirmation 
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about own decisions, and as such use this method as a benchmark for the decision to either 

adopt or reject 3D printing by e.g. a “wait-and-see” strategy which we identified many 

respondents tended to have chosen in relation to further investments (appendix B). Our 

interpretation is that it might be that companies are waiting for proof of concept of 3D 

printing beyond the widely accepted prototyping (Wohlers, 2016), and as such that 3D 

printing has not reached the category of late majority yet (Rogers, 2003). 

The Diffusion of Innovations theory explains how new ideas and practices spread within and 

between communities, referred to as social systems. Arguably, the market of manufacturing 

companies, which comprise the majority of the companies we have studied, can be 

representing such a social system. In relation to our study, we emphasize the perceptions and 

uncertainty in the market affecting intention to adopt 3D printing, and hence it makes sense to 

compare our findings to the theory or Rogers (2003) to discover factors that affect the 

diffusion of 3D printing across the manufacturing industry. 

Rogers (2003) theory holds four main elements: the innovation, communication channels, 

time, and a social system. In our thesis, this refers to the innovation being 3D printing, 

communication channels being the sources where companies seek/are exposed to information 

about 3D printing, time is the time it takes for 3D printing to become a common 

manufacturing practice among manufacturing companies (acceptance), and the social system 

as the manufacturing industry wherein 3D printing is introduced. 

The companies in the category “using” 3D printing already in their operations can be 

categorized into innovators, early adopters, early majority, late majority, and laggards 

depending on their level of adoption relative to newness of the innovation. We will not go into 

depth on classifying the different companies as such, but we have already mentioned some 

along the analysis this far. Our focus is rather on the elements affecting decision process 

leading to adoption and acceptance with the aid of Kollmann’s (2004) theory on acceptance 

process and our self-developed decision tree, which both view this process as dynamic, 

conversely to Roger’s (2003) Diffusion of Innovation theory which view it as a linear process 

(Kiwanuka, 2015). 

As such, we focus on Rogers’ (2003) knowledge step and persuasion step of communication, 

which leads up to the adoption decision, as these cover the elements we are interested in 
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investigating to answer our research questions about decision makers’ perceptions and 

uncertainty. 

 

Gaining knowledge about 3D printing technologies 

At the knowledge stage of an innovation-decision process for 3D printing the concern is 

becoming aware of the technology and how it works in practice. Rogers’ (2003) studies 

suggest that prior conditions of the decision-making unit affect the level of awareness, and 

thus the rate of adoption as the compatibility 3D printing technology as a manufacturing 

method has with current values, beliefs, and past experiences matters. 

As such, the importance of interpersonal networks in the decision to adopt or reject 3D 

printing is clear, and this might be an explaining factor behind the rationale that social 

conditions affect organizations’ intention to adopt 3DP. The more they see their competitors, 

industry leaders, and players in other markets/industries adopting it, the more susceptibility 

they show (Rogers, 2003). We observed how companies attending Inside 3D printing 

conference and expo as well as MADE Innovation Conference in Odense attend the events to 

gain knowledge, industry insights, and meet their peers as a means to gain information. 

In the process of gathering knowledge, Thürmer allocated key personnel to investigate the 

opportunities of 3D printing for their use. For Thürmer to get industry insights, Rosenvinge 

expressed “as is very important that the company does not kill the innovation, so we tried to 

divide the operation, and therefore I was sitting at DTU to be surrounded by other people and 

get new ideas. This was to avoid for Thürmer to take over and kill the project” (Rosenvinge, 

2017). 

 

Persuasion of 3D printing 

Moving on to the second step that we wish to take into consideration for now, the persuasion 

step, Rogers (2003) suggest that decision makers perceived characteristics of an innovation 

affect adoption rate. Hence, we will assess the different perceptions of the actual technology 

today below. 
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6.3 Analysis of perceived 3D printing characteristics 

It has been argued that the perceived characteristics of an innovation account for 47-87% of 

the differences in adoption of innovations (Rogers, 2003). We will present an analysis of the 

characteristics of 3D printing for manufacturing today and seek to identify areas where the 

companies we have interviewed and from the survey have started to experience barriers for 

adoption, e.g. “inadequate technology”. It has also been argued that the UTAUT can predict 

over 70% of the likelihood to adopt a technology (Kiwanuka, 2015), which leads us to also 

consider the perceptions that the different companies have toward the technology. 

As Rogers (2003) argued that innovations offering characteristics of higher relative 

advantage, better compatibility with existing values and needs, less complex to understand 

and use, opportunities of trialability, and more observability will be adopted faster than other 

innovations, we wish to analyze to which extent 3D printing technology fulfills these today. It 

is important to notice that we are talking about perceived characteristics, and as such we look 

at what our interviewees and respondents have emphasized. 

 

6.3.1 Relative advantage of 3D printing in manufacturing 

For 3D printing use to offer relative advantage, the 3D printing systems should outperform the 

current activities used for the same purpose. According to Lange (2017), the technology offers 

opportunities of manufacturing components and products unlike other manufacturing methods 

when parts are complex to a high degree. The Fused Deposition Modelling technology today 

offers great surface and position accuracy, which allows for highly variable creations. An 

example is the ability to print a whole bicycle chain all in one piece and as such save 

assembly costs which follows the traditional method where it requires quite an amount of 

separate parts and screws that needs to be mounted (Lange, 2017).  However, 3D printed 

objects, like the printed bicycle chain, may appear not to be very durable with today’s 

technology, which leads to them not complying with current requirements for manufacturing. 

This is based on looking at the technology in general, and Lange (2017) emphasizes that 

many 3D printing technologies are mostly appropriate for prototyping use as it is today. 
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Even though 3D printing has existed since the 80’s, it is not until recently that it has evolved 

significantly in terms of technology specification and quality. Hence, 3D printing has evolved 

into becoming a proven concept and a superior manufacturing method for prototyping 

(Skinnerup, 2017; Wohlers, 2016). There is an increase in companies that are spotting the 

characteristic of 3D printing to generate relative advantage for production purposes as well, 

with the example of the hearing aid industry as a best example, where large companies like 

Widex are using it for customized mass production of hearing aids. In this case, the 

breakthrough change in process innovation has brought significant relative advantage for 

Widex, increasing productivity in that half the amount of workers are making four times as 

high throughput of hearing aid shells. The new production method also allowed Widex to 

create and improve features, such as better acoustics and to smarter integration of electronics 

into the products (Lange, 2017; Sandström, 2015). 

Fredrik Nilsson from Tetra Pak emphasized how the relative advantage 3D printing offers in 

terms of lead times for the product development of their packing machines: “usually, when we 

are doing tests, there are long lead times, before we can. If I were to sit here, I would make a 

drawing - send it to the procurement department, then they would send it to our suppliers, get 

a price, then me place an order, and then it takes a couple of days perhaps weeks to get the 

piece in our hands. So, the whole process, from drawing to component, can be everything 

from 5-10-30 days. With a 3D printer, I can sit before noon, make a drawing and then monitor 

in the machine in the afternoon. The lead time for testing different parts is substantially 

reduced with 3D printing” (Nilsson, 2017).    

“Metal AM, in particular, is making impressive inroads into direct part production. Metal AM 

is well-suited to production applications because it has demonstrated similar, or better, 

material properties compared to conventional processes. It is also ideal for the high-value, low 

production volume needs of the aerospace, medical, dental, and some other industrial sectors” 

(Wohlers, 2016).  

“What makes sense is to print metal tooling, and then create a supply chain around that 

tooling, so that the 3D printing is a part of it. Normally, after traditional tooling you have 

various machining processes. By including all that together in an integrated chain, you can 

still produce tooling, yet with features that you can’t do in any other way. LEGO and 

Grundfos uses 3DP for this purpose, and print tools quicker. They create injection molding 
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tools that has special cooling channels inside, which allows them to pump water into the 

tooling, and as such you can cool down the part quicker, which further means that you can 

increase the throughput rate. This is an advantage the method of 3D printing has over the 

traditional production of tooling which applies drilling and milling for the same purposes. 

Specifically, the functionality that 3DP allows for, you cannot do in any other way” 

(Edmondson, 2017).  

Further, Edmondson (2017), and Skinnerup (2017) from the Technological Institute, 

emphasizes that for the automotive, aerospace, and defense industries, in particular, the 

element of functionality is key as 3D printing brings a big cost saving to them due to the parts 

being lighter (weight), yet with the same (or better) strength as the standard components 

traditionally used (Edmondson, 2017). The functionality is really key in 3D printing. Again, 

especially for the aerospace industry, the functionality is beneficial. 

“GE Aviation, for instance, is utilizing 3DP to manufacture the fuel nozzle tips for its new jet 

engine, produced by its joint venture CFM International. Whereas the former nozzle was 

made up of 20 parts, the new design has just one – the product itself. The 3DP redesign has 

also heightened performance as durability has increased by a factor of five and temperature 

resistance has improved. This has delivered significant added value to customers, including an 

expected fuel cost saving of up to US$1.6m per airline each year” (EY, 2016). 

Other theory supports the theory of Rogers (2003) relative advantage argument; if a company 

investigates the opportunities of a new technology and realizes the benefits of that over their 

current practices, this has a significantly positive impact on the adoption of an AMT system in 

an SME (Darbanhosseiniamirkhiz and Ismail, 2012). According to the EY Global 3D printing 

report, 46 % of the companies surveyed stated that they considered 3D printing to offer their 

company an advantage (EY, 2016). 

 

6.3.2 Compatibility of 3D printing with existing values and needs 

In terms of values and needs, the 3D printing technology facilitates for seamless integration as 

many companies seek to use it for offering customization of components, shorten time to 

market, and strengthen the customer journey from design to final product (Lange, 2017; 
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Nilsson, 2017; Wohlers, 2016). However, according to Lasse G. Staal, speaker at the MADE 

Innovation Conference, many of today’s manufacturing businesses lack to see the aspect of 

designing the 3D production for function and automatization. In this lies that today’s market 

tends to see the 3D printer as a stand-alone system. Consequently, businesses neglect to see 

the business case in a wider context where it could be integrated all the way back from the 

design phase of the whole production value chain (Staal, 2017).  

For the Widex case about hearing aids, the compatibility with existing values was high, 

concerning the company seeking to offer their customers as personalized and customized 

hearing aid as possible. They had already used different techniques to make the hearing aids 

more compact, but with the use of 3D printing they could fit more into the hearing aid shell. 

As such, compatibility was high and 3D printing has proved its value (Sandström, 2015). 

For some traditional manufacturing companies, the use of CAD files and applying the 

software as well as the hardware of a 3D printer may be a radical change if no talent of 

engineers or technicians are part of the intangible assets. However, our survey findings reveal 

that 13 out of 20 companies using 3D printing stated “technical expertise” as a facilitating 

condition prior to investment, and as such this might have made them more probe to adopt. 

The higher the compatibility 3D printing has with the existing values of the company, and 

with past experiences with systems and manufacturing processes, the more likely is it that it 

will be assessed and a decision to invest to occur (Rogers, 2003; Darbanhosseiniamirkhiz and 

Ismail, 2012).  

 

6.3.3 Complexity of using 3D printing in manufacturing 

The higher the complexity of an innovation, the less likely is it to become adopted due to the 

effort required to integrate the system to one's current operations (Rogers, 2003). For the case 

of integrating 3D printing in manufacturing, complexity mainly concern the technical aspects. 

Most companies see “lack of knowledge and technical expertise” as a barrier to adoption, and 

furthermore, 35% of the total respondents in the “using” category (appendix D, 1.1. and 2.1) 

proved the effort expectancy of an investment in 3D printing to be requiring high, to 

significantly high levels of effort. 65% considered it to require low to moderate levels of 
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effort. These findings confirm the perceived complexity characteristic of 3D printing to play a 

matter in the decision process, as the lower the effort expectancy, the more likely an adoption 

(Venkatesh et al., 2003).  

Both in terms of creating the designs and printing with different materials, 3D printed parts 

are very complex. Additionally, there are “no required methods and tools given to design the 

part geometry and material in an easy way. Think about topology optimization – this is so 

complex today to transfer the calculation result into a CAD file” (Adam, 2017). Due to this, 

companies who consider themselves to be in “lack of talent and in-house knowledge” are less 

likely to be adopting 3D printing as seamless implementation may be perceived as unrealistic. 

Our findings show that only 3 out of 20 companies stated to be in lack of talent before 

investment (appendix C, chart 1d). 

 

6.3.4 Trialability of 3D printing 

Trialability in terms of 3D printing is the degree to which the technology of 3D printing can 

be assessed through a physical try by the firm, and in relation to their intended use (Rogers, 

2003). After patents expired and a rise of more 3D printing systems occurred, in addition to 

prices decreasing, the trialability of the technology increased (Skinnerup, 2017; Wohlers, 

2016). In addition, more business models like 3D Hubs have appeared over the last decade 

where both individuals and companies may order printed items online. As such, the cost of 

trying out 3D printing for e.g. a prototype is very low (EY, 2016). However, in terms of 

manufacturing with metal printing, the 3D printers are more complex to handle and expensive 

to purchase and run, and as such the trialability of printing in metal is not as high as with low 

scale printing with plastic. As such, lower trialability for metal printing consequently lowers 

the likelihood of metal 3D printing to be adopted faster. 

Torben Lange, from Xaar, explains how trialability of 3D printing may forego for different 

purposes and in mainly four phases: form, fit, function and production. First of all, he 

emphasizes that companies today do not only print a small prototype “for the fun” anymore, 

but that they are seeking prints that they can use for more than just looking at. He suggests 

that a trial can consist of different phases: one can look at visual parts, which means one can 

print something quick, that one can feel, touch and it does not matter if it is strong or accurate. 
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The second step is form accuracy, which require more from the printer and the process as one 

needs to check if two parts fit together, which is more challenging and complex than just 

printing one part. This is what the industry wants from prototypes, to actually use the parts for 

functional testing.  

In terms of prototyping and design, Lange states: “there is more competition in the form for 

3D printing.  As I see it, you do 3D printing because you want to check something, like the 

form of hearing aids for example, and it needs to be functional, like if the hearing aids can be 

used for workouts. So it needs to be of a quality that lasts for more than a few minutes before 

it would break. The functionality is becoming a minimum requirement for prototyping. And 

functional prototyping is being used by many Danish companies as well as worldwide” 

(Lange, 2017).  

 

6.3.5 Observability of 3D printing 

The degree to which the results of 3D printing is observable to others, with a company’s 

customers in particular, depends on the business case of the different companies applying 3D 

printing in their business and for what purposes. Some companies use 3D printing for 

prototyping to show their customers models of the end product in order for them to get a 

better understanding for function and design (Lange, 2017), while others may use in a hybrid 

way with traditional manufacturing methods (Staal, 2917). For the latter, the 3D printed part 

is not visible for the customer, but integrated in e.g. a machine that serves the customer’s 

particular need, regardless of 3D printing technology was applied or not (Nilsson, 2017). 

Consequently, where the 3D printed object and its form, fit and function plays a matter for the 

customers or other relevant stakeholders, the focal company is more likely to adopt 3D 

printing. Conversely, observability is low for the cases where 3D printing is an integrated part 

of the manufacturing process and as such not a crucial element that drives adoption.  

Charlotte Leth from Charlottas Village describes how they experience a barrier in relation to 

customers’ observability of their 3D printed eyewear: “it is still a quite limited audience that 

"understands" and are willing to pay for the 3D-printed titanium products we make. So, we 

face a challenge to create a demand and knowledge (marketing) for our products” 

(Respondent #11, appendix C). The perceived characteristic of 3D printing observability for 



	

68	

Charlottas Village is that it still is low, and according to Rogers (2003) the company should 

be less likely to have adopted the technology, despite this, we notice that they have adopted 

3D printing and have as such differed from theory. 

 

6.4 Analysis of the process along the decision tree for 3D printing investments 

In this part of our analysis, we will investigate different steps of the decision-making process 

of evaluating investment in 3D printing with our self-made decision tree. We have drawn 

inspiration from Kollman’s (2004) acceptance process of innovations as well as findings from 

our survey qualitative research.  

Our decision tree can be seen as a simplification of the three phases and the nine steps 

introduced by Kollmann (2004), yet with emphasis on the 3D printing case. The first three 

steps in our decision tree embodies Kollman’s (2004) “attitude” (assessment) phase of 

assessment, while our fourth captures the “adoption” (action) phase. Kollman’s (2004) third 

and last (usage) phase of “acceptance”, has been divided into either acceptance or rejection in 

our decision tree.  

We suggest our decision tree to be more dynamic than Kollmann’s (2004) acceptance process, 

where the companies are in a loop as they can either move on to the next step, wait and see, or 

reject at any given point in their evaluation. Depending on the level of rejection, a company 

may move all the way back to the first step of “awareness”, or any other step, in the decision 

process. Another important deviation from Kollmann’s acceptance process, is that we do not 

assume adopters of 3D printers to necessarily terminate the use after a negative assessment, 

that is, after a negative experience after adoption (Kollmann, 2004). Conversely, we argue 

that they may reject, yet simultaneously take a “wait-and-see” approach, in which they are 

refraining from making any further investments, or “pausing” their use until they have either 

passively or actively overcome the factors hindering them from reaching full acceptance. 

With that said, we do not completely reject the idea of companies terminating the use of 3D 

printing and do acknowledge that it might be the fate for some of the companies in our study.   
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6.4.1 Definition of steps in the decision tree 

Step 0 (Not aware)  

This category we have chosen not to include in the figure as the company have not taken any 

action step at all. However, we do consider this group as it entails all parties that have never 

heard about the phenomenon of 3D printing and hence have no awareness of it. As we sent 

out the survey to companies we knew were in the manufacturing and production industry, we 

assumed that they might have heard about our research topic. Still, there might be some non-

responding companies that were lacking awareness of 3D printing and as such ignored our 

inquiry.  

Step 1 (Attitude) 

In the first step of our decision tree, companies are merely aware of 3D printing, as 

“awareness-knowledge” is the knowledge of 3D printing’s existence (Rogers, 2003). As such, 

respondents might find the 3D printing phenomenon familiar, but they have yet to gain 

knowledge and give it any further thoughts and assessment. From this step, companies can 

either form an interest in 3D printing and as such move on to the next step, or immediately 

reject the idea by not giving any more consideration to the technology.  
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Step 2 (Attitude) 

Companies that are categorized on the second step in our decision tree have moved on from 

being aware of 3D printing into having formed an interest for the technology. They have yet 

to take any measures of actions in pursuing a potential investment, but they do have a 

perception of how they could make use of the technology. At this point, they can either 

choose to investigate options of 3D printing in a more serious matter (R&D activities), or 

reject it.  

Step 3 (Attitude)  

At the third step of our decision tree, companies are giving 3D printing options a serious 

consideration for their business. In this step of the process they are, as mentioned above, 

engaging in various R&D activities and assessing potential areas of use in their business. It is 

from this step that companies may continue with an actual purchase and hence adoption of 3D 

printing, or reject it.  

Step 4 (Adoption)  

At this point in time along the decision tree, companies are assessing the use of 3D printing 

by physically using the technology, either by having purchased their own printer or by 

partnering with a 3D printing service provider. In this step, companies may decide to take a 

“wait and see approach” where they remain at this point while they continue to assess the 3D 

printer and its performance. They can however move on to fully accept the technology, or 

reject it.  

Final outcome of decision tree: Acceptance - fully accept or reject 

When companies reach this step, they have fully accepted the use of 3D printing in their 

business. Decision of accepting or rejecting: the company might be currently positive or 

negative toward the level of use based on it fulfilling the performance criteria set in advance. 

If a positive assessment is the case, use will be followed by continued use, and conversely, 

negative assessment leads to terminating the use.  

Defining adoption and use: 

In defining how 3D printing is adopted or accepted among companies in our study, we base 

our definitions on inspiration from Kollmann’s (2004) definitions of the terms. Kollmann 
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(2004) describes “adoption” as “the point of time when purchasing/adopting” the innovation, 

and “acceptance” as “the act of further usage” regards the innovation. 

“Adopted” – the company has decided to invest in 3D printing by actually purchasing a 

printer, or to pay a 3D printing service provider to print a component at least once for a 

business cause. Decision to adopt is usually made following a trial or/and experience of 3D 

printing, which is likely to take form as a pilot project to evaluate of future use. The 

experience can be very individual for every company, depending on their intention to use the 

technology (Kollmann, 2004). Some may only require one print in order to see how it works 

in practice and based on that experience they can assess whether to invest further, while 

others require the experience to generate thorough understanding of 3D printing 

functionalities i.e. quality conformance. From this, we can already conclude that all the 

companies in the “using” category from our survey has also adopted 3D printing. 

“Accepted” – the company has gone from a purchase decision to a decision to further use the 

3D printer. Use entails applying the 3D printer/service provider to different extents, going 

from low usage (experiences) to high usage (continuous basis), arguably along a “continuum 

of usage” (Kollmann, 2004). Examples can be low use of e.g. prototyping for sporadic spare 

parts needs, or high usage in a mass production, e.g. hearing aids (Wohlers, 2015). This 

“continuum” is also inspired by Rogers (2003), who argue that the aspect of time is important, 

as the time is the period taken for 3D printing to become a common manufacturing practice 

among manufacturing companies (full market acceptance). 

“Rejected” - the company have decided to not go further with 3D printing evaluation, 

adoption, or acceptance at the given point of time. According to our suggestion, there can be 

two types of rejection in our decision tree: final rejection and temporary rejection. The first 

type means that the company has made a thorough assessment of value added by 3D printing 

and concluded with it not generating relative advantage for the future, as such they terminate. 

The latter, temporary rejection, means that the company still has incentives in 3D printing use, 

but see the technology as too inadequate, or own resources and capabilities as insufficient, at 

the moment. As such, a decision of temporary rejection can simultaneously be a strategic 

decision of taking a “wait and see” approach, i.e. waiting for better technology.  
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At each point of time during the decision process the 3D printer can be rejected, and we seek 

to analyze the barriers to adoption at each of these steps in the decision-making process. 

Moreover, we will analyze the perceptions of the companies and how these may or may not 

either mitigate or reinforce the barriers to adoption. As we asked the companies answering 

“not using” in our survey why they have yet to make an investment in 3D printing, we could 

get an indication of the factors that have had an impact on their decision process this far. 

Further, for the companies in “using”, we presented the most questions as this is the sample 

that (almost) have gone through the whole process. 

1st step: awareness → interest or reject 

From our survey, we identified two companies, respondents #28 and #29 (appendix C), that 

has rejected 3D printing technology without having gone through any further beyond the 

“awareness” point in the decision-making process.  

To the question about the reason why 3D printing is not currently used, respondent #29 stated 

that the company “do not see a business case” in using 3D printing, additionally, it also stated 

that in terms of perception about the technology, to “lack enough knowledge to have any 

perception” of 3D printing. Respondent #28 (Adam Herr GmbH) also share that the company 

cannot see a business case for 3D printing adoption. However, he has the perception that 3D 

printing currently is a hype. Consequently, a strategic rejection took place.  

The theory of Courtney et al. (1997), argues that in such a situation like “awareness”, one 

could distinguish the companies’ relation to uncertainty by separate them in two ways: the 

ones that are not using it due to a conscious decision of 3D printing technology not being 

value adding for their business, and the ones that simply don’t use it due to lack of 

knowledge. For these two scenarios, managers may identify the level of uncertainty as a 

“clear enough future”, or “true ambiguity”. The first entail that the company, respondent #28 

(Adam Herr GmbH), is aware of the technology, however, he identifies a clear future of no 

further interest and following rejection, as he does not identify any viable business case. 

According to Rogers (2003), one kind of uncertainty is generated by innovation, as it 

introduces new alternatives and new means of solving problems. As 3D printing offers a 

relatively new way of manufacturing, especially for complex components (Wohlers, 2016), 

the individuals and companies barely aware of it might experience great uncertainty about the 
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opportunities of the technology and to their own alternatives for use. This is also connected to 

the prior conditions of the decision makers, e.g. of felt needs or innovativeness, which 

influences the degree of knowledge the company has of 3D printing (Rogers, 2003). 

For respondent #29, level of uncertainty might entail “a range of futures” as they do not know 

any clear outcome by taking a conscious decision. However, this information could have been 

more clear of the company cared to gather more knowledge to induce some sort of interest or 

perception (Courtney et. al. 1997). 

According to the findings of Venkatesh et al.  (2003), perceptions of a technology play a key 

role in the behavioral intention of a new technology. If a company, such as respondent#29, 

lacks enough knowledge to have any perception of 3D printing at all, it is unlikely that it 

intends to adopt 3D printing within the near future, and hence this explains how it did not 

proceed to the step of interest. However, this respondent indirectly states that the company 

has no performance expectancy, by stating that they “don’t see a business case”, and arguably, 

they might have some perceptions anyways (Venkatesh et al., 2003). 

An alternative to a theoretical explanation as to why some companies are more up to date and 

informed on new technologies might be due to them operating in different environmental 

contexts. According to Darbanhosseiniamirkhiz and Ismail (2012), market pressure is a key 

factor as to why companies need to stay informed on new technologies. For example, if a 

company is in a hostile environment with fierce competition, it is necessary to be in the loop 

with new opportunities and trends to stay competitive. The same logic prevails for companies 

that are competing in technologically dynamic environments, where they should continuously 

work to improve their product features, production process technologies, and their R&D 

activities to stay competitive in the market (Darbanhosseiniamirkhi and Ismail, 2012).   

As we did not obtain findings about perceptions beyond positive/negative and hyped towards 

3D printing, we are not equipped to analyze these respondents in relation to the determinants 

and how these could have affected the company’s decision. We can however, analyze their 

lack of perceptions and how this may impact their choice to reject the idea of investing at 3D 

printing in this phase of the decision process. 

A possible explanation to how awareness-rejection can be the phenomenon of management 

being “bounded rational” and the company’s lack of absorptive capacity. From our survey, an 
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alternative under facilitating conditions is “time and funds” in this lies the company’s general 

innovation objectives. Also, in relation to barriers, “rigid organizational culture” can arguably 

be connected to a less innovative culture (Doboni, 2008). Some companies have rigid 

approaches to change and are rather risk averse in radical investments into product or process 

innovations, and as such they might foresee opportunities like 3D printing as early as at an 

awareness stage, due to them not being receptive. This can be a consequence of lacking 

absorptive capacity, meaning an organization’s ability to recognize, assimilate, and utilize 

new knowledge (Schilling, 2013).   

By analyzing how respondent #29 has rejected the 3D printer in the first phase of the decision 

process, we believe that “lack of knowledge” may be a significant barrier in this step. 

2nd step: interest → assess or reject  

The five companies from the “maybe considering” category in our survey can also be placed 

at the interest step of the decision tree as they have not tried or purchased any 3D printer 

system, but they have not completely rejected the idea yet either. As such, we interpret these 

companies to be informed enough to have formed certain perceptions and having gained some 

interest in the technology due to their openness of seeing possible business cases, as well as 

perceiving potential barriers if adoption would be relevant. 

The given reasons why the respondents in this category are not using 3D printing today is 

mainly due to them “not seeing a business case”, perceiving the “technology to be too 

inadequate”, and the fact that they “currently apply other technologies that serve the same 

purpose” (appendix B, chart 4g and 3b). The large companies seem to emphasize their 

perception of inadequate technology and no business case, while the SMEs also state that they 

are lacking knowledge and expertise, which we have confirmed may be a dominating barrier 

to adoption (Venkatesh et al., 2003). However, we interpret them as being interested in 3D 

printing due to their indications that a consideration might occur at some point, as they also 

state that they could imagine using it for “prototyping”, “customization”, and “series 

production”.    

If a company assessing a new technology realizes the benefits of it over their current systems 

and processes, i.e. generating relative advantage over current practices, it has a significantly 
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positive impact on the adoption of an advanced manufacturing technology system in an SME 

(Rogers, 2003; Darbanhosseiniamirkhiz and Ismail, 2012). 

The lack of this beneficial recognition from respondent#23, indicating that they are currently 

using another technology that serves the same purpose, may potentially constitute a 

significant barrier at this stage of their decision-making process in adopting 3D printing. 

Considering that the same respondent also state possible barriers to be “rigid organizational 

culture” and “financial resource constraints”, findings imply that this company is lacking a 

high innovation culture, and possibly they might have already invested heavily into current 

manufacturing methods and are as such financially constrained due to depreciation costs 

bound to the existing technology. Financial resource constraints are a significant barrier, and 

can often be the determining factor in 3D printing implementations, especially for smaller 

manufacturing firms (Darbanhosseiniamirkhiz et al, 2012). Also, it might be that this 

company are perfectly pleased with the way they run their operations at the time, and as such 

select to keep an eye on new innovations, yet tend to hold a sceptic approach where they 

thoroughly evaluate their investment decisions, typically for a late adopter (Rogers, 2003). 

At this step, the experienced uncertainty is likely to induce companies to identify “a range of 

futures”, as they are situated in an environment affected by various information sources of 3D 

printing (Courtney et al., 1997). A way to cope with uncertainty is to gather information 

(Lefley, 1997), which the interest phase is about (Kollmann, 2003). The fact that respondent 

#26, Bombardier Transportation, has stated that one of its imagined barriers for an adoption is 

“lack of talent and in-house knowledge”, which emphasizes its reasoning of “lacking 

technical expertise and knowledge” to not use 3D printing, indicates that Rogers (2003) 

theory about the need for organizations to educate themselves about an innovation due to the 

uncertainty being an uncomfortable state, can be explaining the fact that this the company is 

interested in information about the technology. Accordingly, Bombardier Transportation 

states to be positive toward 3D printing, and imagine an area of use to be “small series 

production” among other, which may be a signal that they hold perceptions of the technology 

that increases the intention to adopt 3D printing (Venkatesh et al., 2003).   

Effort expectancy is a key determinant of behavioral intention in regards to the use of new 

technologies, and the higher it is, the lower the intention to adopt a new technology 

(Venkatesh et al., 2003). The majority of the companies in “maybe considering” reported that 
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they would expect “moderate levels of effort”, while one company expect “quite high levels 

of effort”, if they were to go through with an investment and implementation of 3D printing. 

In addition to all the companies in this step stating that they have a positive perception of 3D 

printing, the perception of a moderate investment effort to be required increases the likelihood 

that the majority of the companies in the interest step will decide to move on to the 

assessment step of the decision tree (Kollmann, 2004; Venkatesh et al., 2003). 

According to Rogers (2003) Diffusion of Innovations theory, some companies may be more 

reluctant to adoption of an innovation due to them needing some confirmation or “proof of 

concept” of the innovation. As Rogers (2003) main argument in his theory is that adoption 

categories exist regards to innovativeness, going from innovators to laggards across a social 

system, the “late majority” category decides to wait until most of their peers have adopted the 

technology (Rogers, 2003). Arguably, this might be an explanation to why some companies 

are not using 3D printing yet. Considering the technology to still have quality compliance 

issues (Rosenvinge, 2017), companies like Bombardier Transportation whom manufacture 

parts for aerospace and train transportation, require strictly high standards for their 

manufacturing methods of parts, and as such, we interpret this company to need proof of the 

3D printing concept in terms of quality standards and for it to bring significant relative 

advantage, to adopt.  

3rd step: assessing → adopt or reject 

In this phase of the decision-making process, companies are currently considering to adopt 3D 

printing and are taking various measures of conscious actions for assessment, such as 

participating in networking events and investing in other types of R&D activities. At this 

point the companies are no longer engaging in just basic research, but they are rather doing 

applied research with an immediate commercial objective in mind (Schilling, 2013).  

In that sense, the innovation culture in manufacturing firms is an interesting point of analysis 

in this step of the decision process. A firm’s ability to stay innovative is of the utmost 

importance to stay competitive (Schilling, 2013). This is especially true for manufacturing 

companies that are in either highly competitive or technologically dynamic markets 

(Darbanhosseiniamirkhiz and Ismail, 2012).  
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At this step in particular, does the respondents appear to actively search information and 

acquire knowledge in order to mitigate uncertainty so that a thorough business case can be 

assessed. Actions for such is stated to be that they plan to “outsource knowledge and 

expertise” and invest in R&D, in addition to having allocated key resources and employees to 

do research” and engaging in networks. An example of the latter is the company Miba, which 

case we will analyze in-depth below. Miba has allocated key employees, thus Martin Laher 

was assigned the responsibility of searching possible business cases and getting to know the 

technology. We met Laher at the Inside 3D printing conference and expo in Düsseldorf where 

he attended to get the most advanced insights from expert speakers in the field of 3D printing. 

Miba and Laher (respondent #21, appendix C), whom we have interviewed and that also took 

our survey, is currently deciding on whether to adopt 3D printing or not. Miba is an SME in 

the international engine and automotive industry, which is an industry that is highly affected 

by regulatory forces in terms of safety and carbon emission requirements, as well as strict 

quality standards. For instance, by 2020, the average emission from personal cars needs to be 

reduced by 39% (FTI, 2015).  This puts an immense pressure on the firms in the industry to 

innovate and find new ways to make their engines more environmentally friendly.  

One of Miba’s missions is “technological leadership” and Laher describes Miba’s innovation 

culture to be one where innovation is not only warmly welcomed, but also strongly required 

(Laher, 2017). Their engagement in external search channels, such as attending 3D printing 

conferences is an indicator of their innovative capabilities, as it has been found that many 

necessary knowledge sources to achieve innovation lies outside the firm (Chesbrough, 2003). 

To facilitate their innovative culture, they organize innovation events such as their annual 

“GO - innovate” workshop (Laher, 2017). The managers have an awareness to not miss any 

business opportunities with new technologies, and the initiative to start assessing 3D printing 

was top-down (Laher, 2017). Laher still indicates that there are some people throughout the 

organization that needs to be convinced of the benefits of 3D printing before they make an 

investment, and this is something he sees as one of the most prominent barriers at this stage 

(Laher, 2017). It is indeed important for the success of adoption and implementation of new 

technologies that users see the benefits over current practices (Darbanhosseiniamirkhiz and 

Ismail, 2012; Rogers, 2003).   
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Miba and Laher is trying to find business cases for various industrial applications, but could 

also imagine that it could fill a certain need for prototyping showcasing models (Laher, 2017). 

Laher remains skeptical for serial production however, saying that it has a long way to go and 

that the benefits of 3D printing needs to be implemented in the design and production for it to 

be feasible (Laher, 2017). Literature on adoption of advanced manufacturing technologies is 

consistent with this line of argumentation, which is that companies need to re-assess their 

whole manufacturing processes and integrate new technologies with their overall business 

processes to create the best possible environment for a successful adoption 

(Darbanhosseiniamirkhiz and Ismail, 2012).  

Miba is aware that 3D printing is being implemented at their customers as well as 

competitor’s businesses, but they do not feel any pressure to do so themselves as no one is 

demanding it from them directly (Laher, 2017). In theoretical terms, Miba does not have high 

perceptions of social influence which does not necessarily increase their likelihood of 

adoption (Venkatesh et al., 2003). However, the phenomena of mimic processes under 

institutional isomorphism could act as a strong force in this instance, where Miba would 

model themselves after other their competitors and invest in 3D printing to reduce any 

uncertainty (Powell & Dimaggio, 1983).  

Miba perceives the process of adapting 3D printing to require quite high levels of effort, 

which, according to the findings of Venkatesh et al.  (2003) may potentially have a negative 

impact on their behavioral intention to adopt. However, the companies in our survey that have 

already adopted the 3D printer also reported high effort expectancies prior to their investment. 

Thus, we believe that high perceptions of effort do not necessarily constitute a high barrier to 

adoption among the companies in our survey, and that Miba might still very well go through 

with an adoption of 3D printing.  

4th step: adopted → acceptance or rejection 

This phase of the decision-making process is the point of time when companies have 

purchased a 3D printer or service, and per our definitions, the companies have a period of 

experiencing, meaning gaining an understanding of the use and performance of it. The 

barriers that they are facing now will have a great significance on whether they will fully 

accept or reject further investment in 3D printing, as that is the next and final step in the 

decision-making process (Kollmann, 2004). Based on the findings, we determined 12 
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companies to currently be positioned at this step, due to their overall situation (appendix B, 1 

and 4). 

The most prominent barriers that the companies in our survey were facing regards the 

adoption was mostly related to inadequate technology and materials (appendix B, chart 1c and 

4c). Additionally, our findings disclose that the SME’s are struggling with “financial resource 

constraints” and “lack of knowledge and expertise” to a higher extent than the large 

enterprises at this step.  

80-90% of the respondents in our survey that have reached the adoption step have indicated 

that they had very optimistic or positive expectations prior to their investments (appendix B, 

diagram 1g and 4g), which is consistent with the findings of Venkatesh et al.  (2003) 

concerning positive attitudes toward an innovation to affect intention to adopt. Rogers (2003) 

suggestion of positive attitudes toward an innovation to influence the adoption process of 

going from the gaining knowledge, to persuasion, and further to make an adoption decision, 

supports Venkatesh et al.  (2003).  

The expected levels of effort prior to the investments were quite high across all respondents, 

with 35% stating to having expected high to significantly high levels, and 50% moderate 

levels of effort (appendix B, chart 1f and 4f). These findings disprove theory in that high 

perceptions of effort have not proved to have a significant impact on the companies in our 

study when they have evaluated an investment. A possible explanation to this might be found 

in strategy about uncertainty, where Courtney et al. (1997) states that higher experienced 

uncertainty might also bring higher returns, given that appropriate strategic actions has been 

taken. Moreover, it has been argued that uncertainty may not necessarily involve an 

undesirable outcome and hence not present a risk (Lefley, 1997).   

Interestingly, the majority of the SME’s at this step stated that they had “collaboration 

partners” as a facilitating condition for adopting 3D printing, next to the fact that they 

“outsourced knowledge and expertise” as a means to overcome their highest barriers. Rogers 

(2003) suggest that the persuasion phase of the innovation diffusion process theory, where the 

12 companies refers to having experienced barriers pre-investment, is a phase where 

managers are more affective-centered. Thereof they are likely to be more affected by the 

opinions and beliefs of industry peers and other organizations actions concerning innovation’s 
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functionalities which they are perceiving to be uncertain. By taking use of open innovation in 

looking at external sources of knowledge, manufacturing firms has proved to have higher 

innovative performance (Laursen et al., 2006).  

Thürmer Tools (respondent #6) was one of the earliest companies to adopt 3D printing in 

Denmark, in company with Lego and Grundfos (Rosenvinge, 2017; Edmondson, 2017). In the 

interview with Thürmer’s head of R&D, Ingeborg Rosenvinge, we got explained that the 

company initially started to explore 3D printing technology as a future area of investment due 

to the downturn from the 2008 financial crisis that hit the company and its supply network 

hard, leading them to selling off operations. As such, the changing environment forced them 

into innovative thinking, and in 2013 the management were discussing Thürmer’s future: 

“Should we invest in production equipment again? At that time, I had heard a bit about 3D 

printing, and I could see the potential for it to take over a lot of production in the future. So, 

the discussion concerned if we should invest in traditional technology again, knowing that it 

might be outdated in 10-15 years. Or should we consider something completely different?” 

(Rosenvinge, 2017).  

Further, Rosenvinge (2017) explained that they did not assess uncertainty and risk much prior 

to starting to investigate 3D printing technology: “we didn’t look too much into barriers, we 

just jumped right into it”. Rosenvinge (2017) also disclosed how Thürmer is having a very 

strong innovation culture, and that they are driven by trying to push the technology forward 

and “bend” it to be applicable for their business case. Nigel Edmondson from MADE 

emphasizes that for successful 3D printing adoption a business case is important: “the ones 

that have really pushed the boundaries of 3D printing opportunities are the ones that have 

spotted opportunities for new business models” (Edmondson, 2017).  

As they got more into 3D printing, Thürmer did encounter barriers and faced uncertainty 

regarding adoption: “(…) a barrier was how to move forward and improve. The first test for a 

tool drilling holes was a disaster, and could only cut one hole (…)” (Rosenvinge, 2017). 

Rosenvinge (2017) revealed that they tackled uncertainty and barriers by investing heavily in 

R&D, by engaging in networks, and do collaborations. They were one out of seven companies 

that joined the MADE Klyngeprojekt: 3D print in production, which is a project where the 

companies join for being educated and trained through five modules during half a year in 

assessing the technical and business opportunities of 3D printing, from introduction to 
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implementation and evaluation. The aim of the project is for the companies to learn how to 

optimize 3D print production for their needs.  

The project facilitates for pilot projects with the help from The Danish Technological Institute 

in Aarhus whom has engineers with expertise and knowledge, next to metal 3D print systems. 

From this, Thürmer got to gain experiences and share experiences with the other participants 

and the team at the research institution (Rosenvinge, 2017; MADE, 2017). Through this 

process of experiencing the adoption of 3D printing, Thürmer could see an improvement in 

their product development. Edmondson statement confirms Rosenvinge’s frustration in that 

“Thürmer is trying to do something new. Today’s 3D printing is not developed for their use, 

so they are trying to push the development are really at the cutting edge of R&D in 3D 

printing” (Edmondson, 2017).  

We argue that Thürmer Tools have adopted 3D printing, yet that they are in a process of 

exploring the technology and make it fit their intended use, being 3D print production of 

advanced cutting tools, and therefore not accepted the technology yet. Important to notice is 

the fact that the market has come to the realization that there are numerous opportunities with 

3D printing, but there are some limits (Edmondson, 2017). Thürmer is currently in a situation 

where they need their 3D printing initiatives to start paying more off, or else the management 

is considering to pull back on the R&D allocations toward 3D printing (Rosenvinge, 2017). 

According to uncertainty theory, an approach to tackle an uncertain environment as the 3D 

printing development in the market today (Dr. Adam, 2017) can be for companies like 

Thürmer to “reserve the right to play”, which is a special strategy of adapting to the future 

market changes. This is a strategic action that involves incremental investments that will put 

Thürmer in a privileged position for the future, by e.g. to gain superior information, or build 

valuable network relationships, like engaging in the 3D printing Klyngeprojekt by MADE 

(Courtney et al., 1997).  

According to our decision tree and the mentioned above, Thürmer is also prone to rejection of 

3D printing at this step. However, given the information we have, they are likely to hold a 

“wait and see” approach if rejection will be the outcome, and subsequently they might go 

back to step 3 in our dynamic decision tree and re-assess their business case when improved 

technology for metal 3D printing proves to meet their requirements.  
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From our findings, we recognize that the 7 other SME’s and the 4 large enterprises to be 

experiencing similar issues as Thürmer, with noticeable barriers experienced at this decision 

point to be inadequate technology and materials, as well as financial resource constraints 

(appendix B, chart 1c and 4c). Interestingly, almost all of the 20 companies, except 3 SMEs, 

do not claim to having had “lack of talent and in-house knowledge” as a barrier, this finding is 

clearly differing from research and outings we got through the interviews (Wohlers, 2016). 

Nevertheless, companies experiencing/adopting might decide to fully reject, reject for now, or 

to invest further and thus accept 3D printing, which would lead them to the final decision step 

of our decision tree, explained below.  

5th step: accepted or rejected 

Arguing along with the findings of Venkatesh et al.  (2003), there should be some differences 

between the perceptions in the performance, facilitating conditions, effort, and social 

influence of those companies that have rejected and fully accepted the technology.  

The questions that we asked in our survey allows us to assess how the performance of the 3D 

printer has met their expected performance, and whether there is a correlation of met 

performance expectancies and outlook on future investments, which we have interpreted in 

either rejection (for now) or acceptance of 3D printing.  

Accepted  

We have identified five companies in total among our survey respondents to have accepted 

the 3D printing technology in their businesses. Among these is respondent #11 (appendix C), 

Carlottas Village Aps, a producer of fashion eyewear, which is using 3D printing for 

prototyping, customized products and components, and to produce some components that 

cannot be made from traditional manufacturing. 

Carlottas Village stated that they faced uncertainty, and took action to lower it by “allocating 

key resources and employees to do research”, as well as “doing pilot projects”. They also 

commented that they “just did it”, and added to that “without courage and risks, you cannot 

innovate” (Respondent #11, appendix C). According to Courtney et al. (1997), a company can 

face uncertainty by deciding upon an action of “big bets”, which generates positive payoffs in 

one or more scenarios, but negative effects in others. As Carlottas Village has taken 3D 

printing to the step of using it in production for end consumer products, we argue that they 
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have taken a somewhat “big bet” on 3D printing. Moreover, considering them stating that the 

method has “over performed” in terms of meeting the business criteria set, we conclude that 

this “big bet” has positively paid off. 

Further, the strategy under uncertainty theory (Courtney et al. 1997) suggest that companies 

taking “big bet” strategy decisions about investments do so with the incentive of shaping the 

uncertain future by e.g. creating demand. Carlottas Village stated that they initially were 

encouraged “to be a step ahead of their competitors”, “general market trends”, and “players in 

other industries”. We do not argue in favor of Carlottas Village to be a market leader as such 

(Courtney et al. 1997), yet in comparison to the traditional manufacturing of eyewear, we 

believe them as having taken a shaping initiative in the market. 

Noticeably, Carlottas Village signalizes to be slightly hesitant in terms of future investments 

as they are concerned with generating market demand and knowledge among their customers, 

as they put it themselves “it is still a quite limited audience that "understands" and are willing 

to pay for the 3D-printed titanium products we make” (Respondent#11, appendix C). This 

particular problem could potentially be related to Roger’s (2003) finding that the observability 

of an innovation is a factor in regards to what extent a product will be adopted in the market. 

By going back to the payoffs of Courtney et al.’s (1997) uncertainty in “big bets”, a lack of 

market understanding and demand brings a risk, being the probability for negative effects and 

profit losses. Considering Carlottas Village disclosing that “we identified key areas for 3DP, 

but not specific financials”. A rather risky decision like this is said to be taken based on the 

acceptable level of risk, which is subjective to the decision maker. Moreover, one member of 

a decision-making group may influence his or her attitude of risk to the others (Lefley, 1997). 

The element of risk was faced by a rather risk taking management in Carlottas Village Aps, 

and consequently they moved on from adopting the 3D printing technology to fully accepting 

it. 

The second example that we wish to elaborate upon here is Tetra Pak AB (respondent #17, 

appendix C), whom we both visited at their site in Lund, and who subsequently participated in 

our survey. We argue in favor of them as having accepted 3D printing in their current 

prototyping processes for R&D in product development of their packing machines. Mr. 

Nilsson, an engineer that we interviewed with, said that his department's 600k SEK 
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investment in a 3D printer has paid back multiple times, due to not only cost efficiency but 

also a significant shortened lead time in the development of each part (Nilsson, 2017). As 

such, Tetra Pak illustrates how the 3D printer can be fully accepted and prove a great business 

case not only for end use products and components, but also for prototyping.  

While Tetra Pak has accepted the 3D printer for plastic prototyping, they have yet to adopt a 

metal 3D printer for end use components in their machines. Mr. Nilsson mentioned that they 

will most probably invest in a metal printer longer down the road, but that there are some 

barriers to be overcome in that process. One of the barriers to adoption is the fact that a metal 

printer is a very complex machine to operate, which would need additional human resources 

and expertise to handle due to i.e. maintenance. Literature on adoption of new products and 

systems has indeed found the complexity of a product to hinder the rate of adoption, simply 

due to difficulties and required effort in usage and operation (Rogers, 2003).  

Mr. Nilsson believes that in order to make a business case for metal 3D printing, you need to 

re-think and optimize your designs for that specific purpose. Until this transformation in the 

way of thinking happens, there will be no need to replace traditional manufacturing as it will 

remain cheaper and more simple (Nilsson, 2017). The reason for why this transformation has 

yet to happen, might be due to some path dependencies within the company where they are 

relying on past successes and the momentum it is carrying (Cohen and Levinthal, 1990). 

Indeed, Mr. Nilsson says that Tetra Pak is locked in old ways of thinking in terms of design 

(Nilsson, 2017). 

One key finding among other respondents from our survey whom we have identified to have 

accepted the 3D printer is they the majority of them have indicated that they had technical 

expertise to help them guide their use of 3D printing.  

Rejected  

There are different “degrees” of rejection in our decision tree considering that we argue that 

companies can reject further interest, assessment, or investment for every step. At the last 

point of rejection, we suggest that companies may either reject the technology and terminate 

use, or they might adopt a “wait and see” approach where they turn back to previous steps in 

the process depending on if they actively or passively try to overcome what is hindering them 

from reaching finding value in full acceptance.  
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The barriers to adoption seem to vary along the decision tree, where companies who are 

rejecting at the final stage and after trial mainly do so because of inadequate technology and 

material (appendix B).  

Throughout our research, we have identified a handful of companies that proved to rejected 

3D printing. As mentioned in step 1, some have rejected the idea of 3D printing; and in step 4, 

some have rejected the technology after trial and experience with it. 

We argue respondent #1, Videometer, to having rejected 3D printing at step 4 of the decision 

tree mainly due to them stating that the trial and experience from adoption has 

underperformed in terms of operational performance and business performance (appendix C). 

To the question of whether the company already using 3D printing is planning on further 

investments and if they currently are experiencing barriers connected to that, Videometer 

commented “we need a high-performance printer, and it is expensive”. From this, we interpret 

them as taking a “wait and see” approach until investment risk and uncertainty is lowered. By 

“wait and see” in this case, we believe it as the company going back to step 3, of assessment, 

where they actively are following the market trends and offerings, waiting for the 

environment to change in their favor, meaning lower prices for the metal printers or by 

granted financial resources (appendix C, respondent #1).  

According to Nigel Edmondson, a company which is looking to invest in complex metal 

printers, like Videometer does, faces barriers that seem very restrictive. First of all, 

Edmondson (2017) brings up the element of the high cost, as metal printers are more 

expensive the initial investment solely in the printer is a great barrier. Further, the follow-up 

costs of handling the machine needs to fit in budgets. Another parameter that Edmondson 

(2017) illuminates is the barrier that SME’s “feel a risk in that they have to go beyond in-

house activities and outsource 3D print manufacturing. It feels risky as you have to share your 

ideas and intellectual property issues appear”. These companies find the knowledge and 

expertise barrier very high. As such, we confirm that not only the technical aspect plays a role 

in rejection, but also the reluctant attitudes and risk-aversion in management (Lefley, 1997). 

Similar to Thürmer Tools, Videometer was participating in the MADE Klyngeprojekt about 

3D printing (Edmondson, 2017). They engaged in the 3D printing technology as “an 

explorative as part of R&D” and considered the process to be a pilot project. Consequently, 
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Videometer overcame the initial barrier: “lacking knowledge and expertise” (Edmondson, 

2017), by collaborating with MADE. 

Nigel Edmondson reveal that MADE research predicts the future to bring “more and more 

application of 3D printing as the cost goes down and the speed goes up” (Edmondson, 2017). 

Accordingly, a “wait and see” strategy might be very appropriate for SME’s that currently 

find the uncertainty of an investment in 3D printing too high.  

Compared to the companies that came to the decision of acceptance, the rejecting companies 

have proved be stating less applicable areas in terms of usage, as they are looking to apply 3D 

printing for prototyping and customized products only (Table 2: Key findings excerpt “using”). 

The companies that have accepted 3D printing are using it for higher scale manufacturing like 

rapid tooling, various production, and to build products or components that cannot be made 

from traditional methods, and as such they have spotted more business cases (appendix B, 

chart 1a and 4a). Arguably, the fact that rejected companies state to see less areas of 3D 

printing appliance might be due to them having lower performance expectancies regarding the 

technology due to their perceptions of the technology characteristics to offer relative 

advantage over current practices (Venkatesh et al., 2003; Rogers, 2003). 

In terms of considerations of an adoption to 3D printing to require effort, there can not be 

claimed to be any significant differences between rejecting companies and the ones having 

accepted. Again, our findings do not comply with the theoretical suggestions of Venkatesh et 

al.  (2003), whom suggest that there is a relationship between perceptions of high effort and 

less likelihood of incentives to adopt an innovation on this point. 

The most obvious reasons why these companies have been argued to be rejected is first of all 

due to them not calculating a business case, and rather consider the adoption as an explorative 

initiative. This indicates that they might not be very concerned about the outcome of the 

investment. Additionally, they proved to not taking very active actions in terms of 

overcoming barriers, other than waiting for better technology. Conversely, the accepting 

companies were investing in R&D, outsourcing knowledge, and generating more funding in 

the same situation. The final decision point of rejection was likely to be after experiencing 

moderate and underperforming results compared to performance criteria set, both in terms of 

operational and business means.  



	

87	

Despite the companies sharing the positive perception of the technology with all other 

participants in our survey up front of the decision to try 3D printing, we argue them to be 

placed at a “rejected-wait and see” state along our decision tree for 3D printing acceptance. 

Mainly, this argument is due our assessment of their perceptions of the uncertainty bounded to 

the high cost and quality performance of 3D printing as a hindrance today.  

 

Conclusion of Decision Tree analysis  

We argue in favor of the decision process of an adoption and further of acceptance of 3D 

printing technology today to commence through five major steps, yet that it is not linear and 

that different circumstances and event may lead some companies to postpone, or reject 

decisions as well. We refer to our table of key findings (appendix B) for an overview of the 

concluded findings.  

 After each “milestone”, the companies that seek to assess, and invest in 3D printing are likely 

to experience less uncertainty, as we have found the respondents to prove. This is due to them 

initially growing an interest after a period of awareness-knowledge of the phenomenon 3D 

printing, and further persuade this interest by assessing business case opportunities. For this, 

the respondents have proved to have a mix of both facilitating conditions in-house, like 

technical expertise, and a need to engage in networks and collaboration external to the 

organization. Surprisingly few stated that lack of talent was a prominent barrier, which is 

different from generally accepted research like the Wohlers Report (2016) within this topic.  

Another factor that affect the decisions is the parameter of interactions with others through 

networking events, conferences, or collaborative projects with the aim of knowledge-sharing 

among companies considering or adopting 3D printing. The respondents appeared to have 

very similar perceptions of facilitating conditions pre-investment despite difference in size, 

mostly considering being technological expertise, collaboration partners, and time and funds. 

However, SMEs claimed financial resources to be a barrier twice as much as large companies.  

Again, not that much differences can be found between small and medium enterprises and 

large ones, as these companies seem to seek the same areas for applying 3D printing, with 

prototyping, customizing and rapid tooling as the most common. However, we can confirm 

that the companies we argue to having accepted 3D printing do use it “to build 
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products/components that cannot be made from traditional methods”, and as such, niche 

markets might be their target. This differs from the assessing and adopting companies.  

 In terms of barriers, larger companies seem to focus more in inadequate materials, and not as 

much on the printer like the SMEs. Additionally, they do not experience financial resource 

constraints to the same degree, and the cost of the printer might not be an as big issue as for 

smaller companies, but the characteristics of the material is.  

In relation to perceived social conditions, most companies across all categories claimed that 

market trends were a parameter that made them look into 3D printing. Being a step ahead of 

competitors as well, yet large companies valued this parameter as high as market trends. For 

companies considering 3D printing investment, the very same trends appear.  

We have identified 4 SMEs and 1 large company to having fully accepted 3D printing. The 

common denominator for these is that they have spotted niche business cases for 3D printing 

due to utilizing the technology to build products and components that cannot be made from 

traditional methods. They also use 3D printing for production more than their peers, and 

identified key areas for 3D printing use, which has proved to over perform compared to 

performance criteria set for some companies.  

 

6.5 Analysis of barriers 

In order to answer our 2nd sub research question, we will present a thorough analysis of the 

most prevalent barriers that we have identified through our research findings in this thesis. We 

will emphasize experiences of the qualitative interviews, key findings on barriers from the 

survey, and supplement these with information from primary data. We have identified five 

main barriers that seem to be dominating in hindering manufacturing companies’ full 

acceptance of 3D printing today.  

From our survey or 20 companies in the currently “using” category for 3D printing, only 5 

companies were determined to having fully accepted it, by our definitions. The 13 companies 

positioned at step 4, having adopted 3D printing, we argue to still be in the process of 

acquiring experience for assessing further investment decisions or rejection. We also 
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interpreted that 2 out of the companies from the “using” category to having rejected the 

technology for now, and taken a “wait and see” approach. From the findings, a discussion on 

the different perceptions and given barriers stated will contribute to looking at what the 

majority of these state to weigh the most in hindering the final step to acceptance, or causing 

rejection. 

In the large enterprises category, the most prevalent barrier stated is inadequate technology 

and materials by 60%, second comes “rigid organizational culture” 40%. This proves that 

both are high standing, as assumed in our propositions and corresponds with research from 

both Wohlers Report 2016, EY Global 3D printing report 2016, and several our interviewees 

statements (Lange 2017; Edmondson 2017; Staal, 2017). 

In the SME group, inadequate technology and materials also leads among most eminent 

barriers with 80% of respondents, however, in this group, financial resource constraints seem 

to follow with 60% of respondents having experienced these. None in this group claim rigid 

organizational culture to be a barrier, yet 20% state that they were in lack of talent and in-

house knowledge. 

All findings indicate that the companies from our sample blame inadequate technology and 

materials to be the main challenge for an adoption or further acceptance.  

 

6.5.1 Inadequate technology 

In relation to the 3D printing technology, the main problem is comprised of poor quality, slow 

speed, and high cost (Lange, 2017). Quality is mainly connected to both technology and 

materials, speed to the printing itself, and cost to the system, materials, and maintenance 

(Wohlers, 2015). The first two elements in this barrier are presented first, and the latter is 

covered under the barrier of financial resource constraints.  

Quality: 

Despite the ability of 3D printed models to offer a high range of variety and high-quality parts 

due to accuracy in surface and position, quality has proved not to be guaranteed over a 

prolonged series run. The durability of e.g. fused deposition modelling, which is the most 

common process in the market today, print parts that may prove not to be sufficient for many 
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applications, such as for aerospace and medicine (Wohlers, 2016). Nevertheless, this is 

mainly depending on the quality of the material used, poor process monitoring or control, or 

simply that the technology is too immature (Lange, 2017; Wohlers, 2016). 

Torben Lange, from Xaar, further explains the barrier of how inadequate 3D printing 

technology does not fulfill quality compliance: “not many companies are using 3DP for 

manufacturing yet, and that is because you will now expect to print more than one part in 

manufacturing. And you would expect that they are the same, accurate, comparable, 

homogeneous and have the same quality and properties, and that you can trace and document 

that the quality is the same. That is the challenge for 3DP industry. It is still hard to do the 

same part, as there are still some small differences based on where the part is printed, given 

20 parts being printed together and based on the different 3DP technologies. And unlike the 

traditional injection molding manufacturing processes, that you can rely on, 3DP is not there 

yet” (Lange, 2017).  

Several of the companies from our findings also claim metal printing not only to be very 

expensive, but also not of strong enough material (Nilsson, 2017; Rosenvinge, 2017). “Metal 

parts produced by AM have properties that can be quite different from conventional wrought 

or cast metals. This has proven to be one of the biggest barriers to widespread adoption of the 

technology” (Wohlers, 2015 p.63). 

According to Wohlers Report (2016), the International Committee F42 on Additive 

Manufacturing Technologies has been created to develop industry standards for 3D printing, 

materials, and processes. By getting a quality proof, 3D printing would have a way higher 

level of appliance (Edmondson, 2017).  

Speed: 

Many individuals and organizations express that today’s 3D printing systems are too slow and 

too small. “If you want to produce parts, you don’t want to be limited to 250mm³ and such 

low build speed. That costs too much money” (Adam, 2017). Moreover, if one wants a larger 

item all in one, solid piece, the process becomes very slow due to the large area (Lange, 

2017).  

According to the “2015 Disruptive Manufacturing Innovations Survey” by PwC, 25% of the 

respondents cited slow printers to be a barrier for adoption to 3D printing. Research by DHL 
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(2016) supports this by referring to the element of speed as a crucial success factor for 3D 

printing adoption: “today a typical consumer-grade FDM printer requires 4-5 hours to print a 

golf ball and approximately 9 hours to print a more complex object of the same size. But to 

achieve mainstream success, 3D printing must represent a much faster alternative to buying in 

store or ordering the same product online”. Despite this quote concerning a consumer desktop 

printer, it illustrates how the level is for more low-key printers, which are very widespread 

among companies, and thus sets a basis for their perceptions of 3D printing in general 

(Edmondson, 2017). 

 

6.5.2 Inadequate materials 

In terms of the “inadequate materials” barrier, the concern is mainly due to missing quality 

conformance. Ingeborg Rosenvinge from Thürmer Tools expresses that a lot of uncertainty 

concerning the quality arise due to the lack of a standardization, like an ISO standard for 3D 

printing, such compliance that one normally works with when processing tools (Rosenvinge, 

2017). Dr. Adam from Paderborn University confirms this by explaining that there are no 

qualification measures, described in standards and guidelines, which are given today. He 

further emphasizes that this factor is significant as companies cannot rate the quality of the 3D 

printed products. Moreover, Dr. Adam (2017) discloses that material databases providing full 

material information on 3D printing are missing.   

A possible reason why materials has been inadequate up to the latest years is the fact that 

some major providers of AM systems has applied “lock in” strategies and hence prevented all 

other materials from being used in their systems. As such, those key patents have hindered 

third-party companies from introducing metals compatible for 3D printing (Wohlers, 2016). 

Lack of knowledge and expertise may pose a significant barrier to adoption of 3D printing, 

which can be evident in many ways. From our survey, we found that the lack of knowledge 

and the inability or inexistent willpower to learn more, may constitute the first real barrier to 

adoption, as it can arguably hinder a company from seeing a business case in using it. On a 

similar note, a lack of knowledge around how to integrate it into a business model and value 

stream may result in a failed adoption (Gistorp, 2017).   
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On a more technical level, it may cause problems in usage, where a lack of expertise on how 

to operate the machine can cause inefficiencies and the inability to optimize usage, which is 

likely to lead to a less successful adoption (Darbanhosseiniamirkhiz and Ismail, 2012).  

 

6.5.4 Financial resource constraints 

The 3D printer’s operation expenses can be caused by two main factors: the price of the 

machine itself and the build material, and most 3D printers are expensive to both purchase 

and run. “The process of FDM is most widespread and such printers one can get from $300 to 

a $1,2 million” (Lange, 2017). “System manufacturers may keep prices artificially high until 

patents expire, after which the pressure of competition will likely force prices downward… 

An airplane part that costs $500 using AM compared to $100 by casting does not sound 

promising. However, if its weight can be reduced by 25%, resulting in a $5,000 reduction in 

operating costs over a 10-year period, a business case can be made” (Wohlers, 2016 p. 170). 

According to the Wohlers Report of 2016, “the high cost of the machines can be attributed 

mainly to the relatively small numbers being sold and the need for vendors to recoup 

development costs. Some AM machines contain expensive components, such as lasers and 

galvanic mirrors, but others are little more than a collection of stepper motors, drives, and 

heaters. If these machines were produced and sold in much larger volumes, the unit price 

should drop dramatically. System manufacturers may keep prices artificially high until patents 

expire, after which the pressure of competition forces prices downward. This scenario has 

already occurred in the market for material extrusion systems” (Wohlers, 2016, p.190).  

In terms of material costs, there are high as they are costly to produce (Wohlers, 2016). For 

prototyping at Tetra Pak alone, 1,5 kg plastic costs 3-5000 SEK (Nilsson, 2017) which is used 

for creating relatively large parts for their packing machines. An incentive among system 

manufacturers is to make their customers solely use their materials, and apply warranty 

clauses and “lock in” strategies for own software to do so. Furthermore, suppliers price 

filaments substantially higher than suppliers of injection molding, and as such artificially 

inflating the cost for the customer (Wohlers, 2016). 
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The slow speed of printers causes throughput to be low, and as such costs, i.e. depreciation of 

the machine, are spread over a lower number of printed components or products. 3D printing 

will never be as cost effective as traditional manufacturing which reaches economics of scale 

(Bosman, 2017), however, to lower costs due to low throughput, faster operating speed is 

needed, in addition to larger build envelopes, and a more effective loading and unloading 

process of parts (Wohlers, 2016). Moreover, the latter is commonly practiced today by an 

employee physically unloading and cleaning finished parts, which following brings labor 

costs into the process (Gistorp, 2017).  

 

6.5.5 Rigid organizational culture 

The barrier of tradition and fixed mindsets might be the greatest challenge to wider adoption 

of additive manufacturing and 3D printing. Excuses appear, having a slowing effect on 

adoption of a new technology: “why fix something that is not broken?” and “we have always 

done it the regular way”. Such barriers are embedded in the company culture, and culture is 

normally the most difficult aspect to change in an organization (Wohlers, 2016).  

According to Dr. Guido Adam (2017), Commercial Director at the Direct Manufacturing 

Research Center at Paderborn University, the main barrier for 3D printing to be adopted and 

further accepted today is missing trust, across all industries. In missing trust lies that 

managers do not fully understand the advantages, and more importantly, the risks of 3D 

printing. In relation to this, Dr. Adam blames a full technical description of the 3D printing 

process to be missing. 

Rigidity may be connected to the issue of intellectual property challenges, as companies will 

have to change their acceptance level of trust towards 3D printers and their security of their 

digital files. The risk aversion concerns how third parties might come and replicate their 

design files and products. For manufacturing, this would bring the same effect as pirating of 

digital music and streaming of movies for media companies (DHL, 2016). Edmondson (2017) 

also confirm that there is a cognitive barrier in trusting external parties in e.g. collaborations, 

especially for SMEs, as they have to reveal their ideas and intellectual property. 
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According to Courtney et al. (1997), managers tend to view future as either certain or 

uncertain, and as such, what Dr. Guido refers to as managers lack of understanding of risks 

can be perceived as them misinterpreting the actual uncertainty that the market for 3D 

printing actually holds. Consequently, risk aversion for 3D printing investments may lead to 

rigid organizational culture in organizations, which acts as a barrier for organizational 

ambidexterity (Adam, 2017). 
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7. Discussion 

In this chapter we will discuss different types of barriers along the decision making process 

for an investment in 3D printing, how they differ from each other and the influence these have 

on decisions. Another point of discussion will be opportunities for business model innovation 

and making 3D printing an integrated part of the value stream. Further, the elements of 

uncertainty and perceptions in decisions are considered. Lastly, we look at the different sides 

of defining “fully accepted” and if it is possible to define it as a fixed term.   

 

7.1 Soft versus hard barriers for 3D printing adoption and acceptance 

Our survey findings reveal that all the companies from our sample state two main sets of 

barriers as being the most prevalent in decisions about 3D printing adoption and acceptance, 

being the “inadequate technology” and “lack of knowledge and expertise”. Thereof, we will 

take these two barriers into discussion to understand what impact they have, and which, if 

one, might be more dominating for decision makers considering 3D printing investment. 

Darbanhosseiniamirkhiz and Ismail (2012) suggest two fundamental requirements for 

advanced manufacturing technology adopted in SME’s: hard needs and soft needs. The hard 

needs concern the different hardware equipment and physical facilities related to the 

preparation of the advanced manufacturing technology (AMT), and soft needs refer to the 

necessary knowledge and skills among the employees to exploit the AMT 

(Darbanhosseiniamirkhiz and Ismail, 2012). 

For this discussion, we consider the first barrier “inadequate technology” to be including the 

“inadequate materials” barrier as well, and hence fuse this as “inadequate technology and 

materials”. Further, we consider this barrier as a “hard” barrier, inspired by 

Darbanhosseiniamirkhiz and Ismail’s (2012) hard needs, as it concerns the tangible inventory 

like the 3D printer, the filament, and the support materials. We consider the hard barriers as 

comprised of today’s market offerings in terms of 3D printing technology.  

The other main barrier we have identified, “lack of knowledge and expertise” we consider as 

a “soft” barrier, inspired by Darbanhosseiniamirkhiz and Ismail’s (2012) soft needs, as it 
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concerns intangible assets like in-house knowledge, intellectual property, and the technical 

expertise and experience of 3D printing among the employees in the organization. 

Does one barrier weigh more than the other in hindering 3D printing acceptance? What is the 

actual market offerings of 3D printing systems today? Is technology too inadequate? Or might 

it be the businesses perceptions that is the problem? We will discuss the “hard” versus the 

“soft” barriers for 3D printing adoption and acceptance by looking at what our research 

findings disclose concerning perceptions of the technology today (hard barrier) and in-house 

capabilities (soft barrier). 

The lack of knowledge and expertise builds up business challenges for many companies, 

SMEs in particular, which constitutes a major barrier for acceptance of 3D printing today 

(DHL, 2017; EY, 2016). Moreover, the official Wohlers Report of 2016 stated that traditional 

attitudes and fixed mindsets might be the most difficult challenge for acceptance of 3D 

printing (Wohlers, 2016). According to our qualitative and quantitative research findings, 

companies themselves tend to not completely agree on this, as they claim to be investing 

heavily into R&D and focus on being updated and ready to catch the new disruptive wave, 

being Big Data, Blockchain or 3D printing (PwC, 2016). Yet, “innovation culture” might be a 

buzzed term. What is “the forefront” when it comes to 3D printing? Are companies 

considering themselves as innovative by having adopted a $300 FDM printer for R&D 

purposes?  

For the classic systems of 3D printers using thermoplastic filament, the awareness is high, and 

adoption is widespread among companies (Wohlers, 2016; Edmondson, 2017). The FDM 

printers are very accessible as they can be priced down to $300 or less, are fairly easy to 

handle, and are commonly used for spare parts or prototyping. Consequently, the barriers for 

these are relatively low (Edmondson, 2017). Also, the technology level of such has 

significantly advanced over the last decade due to massive investments and research put into 

it (Wohlers, 2016). Today, technology and new material science allows for plastic to replace 

metal in e.g. tooling. And as mentioned earlier, if material science keeps on developing as 

well, the future looks very promising” (Edmondson, 2017; DHL, 2016). 

Nigel Edmondson’s statement argues in favor of how the technology has improved: “the 

material that was usually made for injection tooling, like for molding a part for LEGO, has 



	

97	

typically been made by metal tools. Now, it is possible to do that with plastic, as the right 

thermoplastic material can handle the heat. This allows to make the production better as you 

can do it quicker, and even with better surface finish. This means that you can do the plastic 

tooling faster than with metal tooling, and with less processes afterwards as you normally 

need to polish the machine parts afterwards with the traditional metal tooling. So, if material 

science keeps on developing as well, the future looks very promising” (Edmondson, 2017). 

For metal printing, however, several of our interviewees and survey respondents state to be 

experiencing big obstacles, and the concerns mainly entail accuracy, quality, speed, and cost 

(Lange, 2017; Rosenvinge, 2017; appendix B), thoroughly presented in the analysis of main 

barriers. As the prices for a solid metal printing system can range up to €1 million (Bosman, 

2017), this element itself cuts off the majority of companies to invest. Considering Denmark 

alone 90% of companies consist of 1-9 employees, who don’t have such high budgets 

(Rosenvinge, 2017). Furthermore, with only the big players like LEGO and Grundfos already 

using metal 3D printing (Edmondson, 2017), the SMEs needs to find other ways of 

overcoming the financial issues of the hard needs as well as the soft needs for 3D printing to 

make sense. 

Considering the findings that our research presents us with, 3D printing might seem like it 

possibly can add up to a failure due to the many barriers and the uncertainty in the market. 

However, we seek to see if the story has two sides in the following. 

In terms of quality compliance, actions have been taken by The International Committee F42 

on Additive Manufacturing Technologies to develop industry standards for 3D printing, 

materials, and processes (Wohlers, 2016). According to the Wohlers Report (2016), quality 

improvements is a highly prioritized objective for 3D print suppliers, and has been an area of 

increased focus and investment as the next frontier is to produce final production-quality parts 

today. Despite the aerospace industry being one of the most restricted in terms of quality 

compliance, it is also among the ones that are most open to innovation and 3D printing. The 

Technological Institute in Odense has already printed parts for Boeing, which has been 

validated and quality approved (Edmondson, 2017).  

“Once the new level of 3DP-enabled quality becomes the standard that customers expect, it 

has the power to change the business and industry – exactly as the hearing aid sector 
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converted to 100% additive manufacturing in less than 500 days” (EY, 2016). This statement 

indicates that 3D printing technology has a better future potential if the hurdle of the current 

poor quality performance is defeated.  

Research shows that there are significant improvements for 3D printing over the past years, 

this is based on investments in the big markets, especially the US and China. Also, MADE’s 

research supports this, and acknowledges the opportunities of what one can do with the 

technology in development, especially in terms of speed, inbuilt, and quality control. Today’s 

newer systems have incorporated vision systems, which allows for online calibration and 

checks while print goes on. Before this, there was an open loop system, so you could print a 

CAD, but the printer “did not know” what it was printing as it didn’t know the design or what 

it should do (Edmondson, 2017). But the question is, what is it useful for? 

 “3D printing enables the manufacture of products that were technically impossible before” 

(EY, 2016). In this lies that innovative constructions such as internal structures, functionally 

integrated parts, and completely new external geometries has come to life (EY, 2016). 

Developers have acknowledged functionality to be key in 3D printing, as advanced 

technology utilize algorithmic design which calculates the exact characteristics wanted. The 

product looks very organic, but it is much stronger, and much lighter (weight) than a product 

produced by traditional technology (Edmondson, 2017; Lange 2017). The big players in 

mechanical and plant engineering, aerospace, automotive, and electronics industry have 

accepted this concept and is investing heavily into further development as these are the 

companies that expect the highest increase in efficiency by 2021 (EY, 2016). Arguably, a 

more latent problem today exist due to the traditional SME not having spotted these 

technological opportunities yet, and when presented to it they tend to think “it’s a smart 

technology, but I am not sure what I am going to use it for” (Edmondson, 2017) 

According to our findings, none of the SMEs stated “rigid organizational culture” to be a 

barrier, and only 20% stated that they were in “lack of talent and in-house knowledge”, prior 

to investment in 3D printing. “Financial resource constraints” however, was a more prevalent 

barrier for this group (appendix D, Chart 1d). This might indicate that tangible issues like 

budgets seems more restricting than the intangible fixed attitudes, and as the latter is 

embedded in the company innovation culture it is also the hardest to change (Wohlers, 2016; 

Doboni, 2008). 
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According to MADE research, a drawback is that these companies are lacking to utilize 

available resources for innovation. “There are 3D hubs available, and funding available, for 

these companies to get help “free of charge”, like MADE Klyngeprojekt, for example. But the 

classical challenge is that the companies are not exactly “knocking on our door”, and we see a 

lack of initiative” (Edmondson, 2017). 

Conversely, many larger companies are allocating time and resources to 3D printing 

innovation (DHL, 2016). It is a known that many experts in the field and top graduates from 

the universities are looking for a career and are going to the big companies, like Siemens or 

GE. As such, by having a skilled workforce in addition to available funds, these companies 

are the ones driving the 3D printing industry forward (Edmondson, 2017; PwC, 2016). For the 

SMEs, whom are generally lacking highly skilled engineers or technicians - whom will drive 

technological innovation and digitalization into place? Such classical problems also count as a 

knowledge and expertise barrier for 3D printing adoption and acceptance. Without new talent 

and strong intangible assets, the companies are at risk of missing the race as bigger companies 

come up with faster and cheaper solutions (Edmondson, 2017).  

 

7.2 Business model innovation with 3D printing 

Although the 3D printing technology has improved significantly during the last decade, and is 

exponentially continuing to do so (Wohlers, 2016), we have found a consensus throughout the 

industry that it will never fully replace traditional manufacturing. This view is held not only 

by the demand side, but also the supply side. Ilko Bosman at Additive Industries, a developer 

of high end metal 3D printers, says that even though their systems can carry out serial 

production, they will never substitute a whole traditional manufacturing site (Bosman, 2017). 

Meanwhile, Bosman mentions that one of the greatest barriers is that some companies tend to 

lack the ability to see a business case and how the technology can add value to their 

operations (Bosman, 2017).  

Lasse Gistorp at GT Prototyping has a similar opinion, and mentions that if his customers 

figures out the right way to implement their services in their businesses, it is always a success 

(Gistorp, 2017). We have also had players on the demand side suggest that for 3D printing to 
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make sense from a business perspective, beyond prototyping and rapid tooling, it must be 

implemented in the design and production process from the beginning (Laher 2017; Nilsson 

2017). Theory on advanced manufacturing has come to the same conclusion, wherein 

Darbanhosseiniamirkhiz and Ismail (2012) stresses the importance of re-assessing current 

manufacturing processes and integrating new technologies with the overall business 

processes.  

A natural discussion to take in regards to this matter is the phenomenon of an often-under-

utilized source of future income (Amit and Zott, 2012), namely business model innovation. 

An important note to make before we do so however, is that we understand that it is not 

relevant nor possible for everyone to innovate their business models with the 3D printing 

technology. Nonetheless, we do think that it is an interesting point of discussion and that it 

could be a viable and real opportunity for many manufacturing firms today. Business model 

innovation with 3D printing, a technology that have some well documented benefits over 

traditional manufacturing methods, including product and component customization, free 

form design abilities, significant time to market reduction as well as material savings 

(Petrovic et al., 2011), could help give manufacturing firms a new competitive edge for future 

challenges.  

Even with its many different benefits over traditional manufacturing, inadequate technology 

and materials in the 3D printer has been found to be one of the most prominent barriers 

among our case study companies, especially for those that have already adopted the 

technology (appendix B). Chesbrough (2010) offers an interesting thought and almost 

counterargument in regards to this matter, being “a mediocre technology pursued within a 

great business model may be more valuable than a great technology exploited via a mediocre 

business model” (Chesbrough, 2010, p. 355). 

Torben Lange at Xaar Aps is a firm believer in the opportunities of doing business model 

innovation with the 3D printing technology, as he mentions that he has seen several examples 

where it has saved a company from going under. In fact, Lange thinks that every firm in the 

manufacturing business should at least consider whether it would make sense for them to 

adapt 3D printing to a new business model and “get away from volume, and add more value” 

(Lange, 2017).   
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Nigel Edmondson, director of MADE, mentioned that among the firms he has encountered in 

his job, it is the ones that have managed to innovate their business models that have pushed 

the boundaries of the opportunities there are with 3D printing today, naming firms such as 

Thürmer, CeramicSpeed and Ortofon (Edmonson 2017). Ortofon was also one of the 

companies that Lange mentioned, in regards to having saved their company due to their 

ability to spot opportunities with the 3D printer (Lange, 2017). Ortofon was given the  DTI 

(Danish Technological Institute) award "3D Print Series Production Prize 2015" for having 

been the "first movers" in mass production with the Selective Laser Melting technique, which 

they started with back in 2008 (Ortofon, 2017).  

While there lies great potential in business model innovation, it is certainly nothing that 

happens overnight and it requires a lot of financial resources as well as organizational and 

managerial capabilities (Massa and Tucci, 2014). The first real challenge is to spot the 

opportunity of creating value with business model innovation at the right time (Chesbrough, 

2010). This is not easy as the opportunities of doing so cannot be measured with the same 

depth or amount of data that mainstream businesses usually justify their actions with 

(Chesbrough, 2010). As difficult as it may be, Lange stresses the importance of realizing 

when your current business model is challenged, and to act before it is too late (Lange, 2017).   

There are some major efficiency opportunities connected to the 3D print technology’s future 

developments, which could possible further enhance the relevance as well as viability for 

business model innovation in manufacturing firms (Skinnerup, 2017; PwC, 2016). As 

mentioned a challenge has been, and still is, to spot the appropriate use of it. A company that 

has tapped into a new area of business opportunities is the Danish startup AddiFab.  

3D printing as part of Factory of the Future?  

Proponents of 3D printings potential in a future context, such as Addifab, argue that the 

potential of 3D printing in the context of the “Factory of the Future” is that the potential of the 

3D printer can be exploited by connecting it to other industry 4.0 processes, and as such 

incorporate it into a bigger industrial context (Staal, 2017). To take up the question mentioned 

earlier in this discussion; what is “the forefront” when it comes to 3D printing? 
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According to Lasse Staal from Addifab, companies 

need to think of the untapped market opportunities 

when it comes to 3D printing adding value. Addifab 

realized that today’s 3D printers alone cannot not be 

automated with a satisfying result, and consequently 

developed their own printers to enable automation and 

standardization of the processes that comes after 

(Staal, 2017).  

“As 3D printing is a fast-developing technology, today’s technology investments will 

probably be outdated in just a few years’ time. So it makes sense to start with several pilots 

with the most promising product segments...” (DHL, 2016 p.23). We also found proof from 

our findings that some companies tended to think along these lines, especially respondents 

#10 and # 16 claimed so (appendix C). 

The way Addifab thinks about their future business case for 3D printing is to offer data 

observations across the whole production line, which allows for automatization and 

standardization of the after processing of 3D printing, i.e. cleaning prints, run quality checks 

and batch sizes. Today, this work, in addition to maintenance of the 3D print systems, is done 

manually, which leads to labor costs affecting the process as well (Staal, 2017). “We have 

strived to create a flexible system that allows incorporation of existing technologies. This 

allows us to become the first 3D printing company that will capture the potential in Industry 

4.0” (AddiFab, 2017). As such, their business case entail combining the flexibility of 3D 

printing with the product line precisions and accuracy in traditional manufacturing methods in 

a hybrid way for reaching economic benefits.  

According to the DHL 3D printing Trend Report (2016), “3D printing is likely to complement 

rather than entirely substitute traditional manufacturing techniques. Simply put, not all 

products can and should be 3D printed. This conclusion is echoed in a recent survey which 

revealed that 38% of companies anticipate using 3D printing in their serial production within 

five years but not necessarily to completely replace traditional manufacturing” (DHL, 2016 p. 

(Figure 1: Lasse G. Staal, 2017. PP slides MADE Innovation conference Odense. Source: 

http://www.industry40summit.com/) 
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23).  

Reports on 3D printing trends and predictions about the future use of 3D printing keep on 

stating that companies need to keep up with innovation, and continuously build up their 

organizational resources and capabilities to be prepared to embrace 3D printing (DHL, 2016; 

Wohlers, 2016). 

 

7.3 Uncertainty, perceptions and innovativeness 

Until now in this discussion, we have taken into consideration companies acknowledged 

barrier of missing ability to spot business cases for 3D printing, and then discussed the hard 

barriers versus the soft barriers, being technological offerings and improvements versus the 

lack of talent and in-house knowledge, and their positive and negative sides. We have also 

illuminated the topic of business case and3D printing in a future context. However, we seek to 

take the discussion a step further to see what causes businesses to be incapable of seeing a 

business case, if it is relevant for them at all, or if they are at risk of missing the race if they 

do not get engaged in innovation/3D printing soon. 

To repeat the information given when introducing this thesis, the amount and variety of future 

technological information is booming, and consequently, speculations appear of what will be 

the big next worth investing one’s money and effort in. 

From attending two different conferences about 3D printing, conducting 9 qualitative 

interviews with skilled individuals and experts of the topic, in addition to all respondents from 

our survey replied to have positive, or very optimistic, perceptions of the technology in 

general (appendix B), our research data also accounts for favoring 3D printing as a promising 

manufacturing method for the future. However, despite the rising publicity in media, yearly 

developments of global reports by the big consultancies, more networks, conferences and 

events for 3D printing popping up across the world, traditional SMEs might find themselves 

lost in the ocean of trending technologies and innovative solutions promising new and 

improved systems brining relative advantage. There seem to be a confirmed residual 

uncertainty existing in the market concerning 3D printing (Courtney et al., 1997), considering 
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findings from EYs 3D printing Global Survey revealing that 24%2 of companies see 3D 

printing as a strategic or important topic (EY, 2016).	

From already having presented, elaborated and discussed the “hard needs” of 3D printing 

(Darbanhosseiniamirkhiz and Ismail, 2012 ), we know that the technology continues to evolve 

and work on improvement is continuous (Wohlers, 2016), yet that it is widely recognized that 

it has some limits (Edmondson, 2017). Some would argue the larger barrier, however, to be 

the cognitive factors within management organs due to fixed mindsets and traditional attitudes 

(Wohlers, 2016). 

Uncertainty vs. barriers 

We interpret uncertainty in the market to be comprised largely by barriers to 3D printing 

stated by companies. We refer to our analysis of most prevalent barriers among companies 

today for a recap on these, but shortly, these concerns perceived inadequate technology and 

materials, lack knowledge and expertise, financial resource constraints, and rigid 

organizational culture. However, another discussion could be taken on whether uncertainty 

creates barriers or if barriers creates uncertainty. For now, we conclude it to be a 

combination, given a short proposal in the next paragraph. 

On the one hand, perceived uncertainty can constitute a barrier in itself, given that it often is 

viewed from a cognitive perception, which to a large extent is subjective to the manager, and 

hence can be biased by a binary view on future as either uncertain or certain (Venkatesh et al., 

2003; Lefley, 1997). Furthermore, individual characteristics affect perceptions on uncertainty, 

i.e. risk-averseness or being spontaneous in decisions (Lefley, 1997). On the other hand, 

barriers might occur due to the uncertainty bounded to a decision. Take the barrier of “lack of 

expertise and in-house knowledge” for example, which managers might consider themselves 

as having due to them never having tried a 3D printer, as such, they do not know for sure if 

they have the expertise, it is just a belief or a perception based on them not having the 

experience. As a matter of fact it might be that the employees are fully able to handle a 3D 

printer after receiving introduction and training.   

																																																																				

2
	PwC surveyed more than 2,000 companies from 26 countries in the industrial production sectors, including 

aerospace and defense; automotive; chemicals; electronics; engineering and construction; forest products, paper, 

and packaging; industrial manufacturing; metals; and transportation and logistics.	
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Where does the uncertainty in the market really come from? In answering this we can only 

speculate, yet we can identify some noticeable elements that we believe plays a role. 

Dr. Guido Adam, from the Direct Manufacturing Research Center at Paderborn University 

states that the main problem leading to uncertainty in the market is that companies are lacking 

understanding of both the advantages and the disadvantages of 3D printing. However, this 

might not be their own inability solely, but rather the fact that there is a full description of the 

total process of 3D printing missing to be presented to the audience. Such a description should 

present the influencing factors of system and material to affect the manufacturing quality, 

official qualification measures described in standards and guidelines, and lastly, material 

databases containing full material information (Adam, 2017). 

Reasons for rejecting 3D printing 

As the situation is today, the market information provided does not seem to generate sufficient 

incentives for companies to adopt 3D printing as the majority of SMEs have proven to be 

cautious to investments beyond prototyping, and 64% of companies perceive the technology 

as not relevant for their company (Edmondson, 2017; EY, 2016). We identify three major 

reasons for this that we will discuss below, based on our insights. Importantly however, the 

term perception is relevant here, as perceptions of characteristics of the innovation in addition 

to perceptions of own facilitating conditions of pursuing acceptance has proved to impact 

intention to invest (Venkatesh et al., 2003). We seek to understand how uncertainty, or 

perceptions of uncertainty, affect decision processes for 3D printing investments by taking 

three aspects into consideration: 

1) “Fixed mindsets - 3D printing is not relevant for me” 

The first aspect of why 3D printing seem not to be fully accepted among SMEs (mainly) 

might be due to them being bounded rational, being in lack of time for consideration, and 

unable to spot a proper business case. Yet, according to experts within the field, like Nigel 

Edmondson (2017), such companies might very well have an advantage by applying 3D 

printing over traditional methods. One of the companies, respondent #28 (Adam Herr GmbH), 

that we identified to having rejected after the first step of the decision tree, meaning that the 

company is not considering 3D printing as relevant either, we assess as being among the 

SMEs that actually could benefit from looking into new business opportunities by utilizing 

3D printing. This company mainly produce and sell water drains for housing by traditional 
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manufacturing methods of i.e. molding, and with different materials, like plastic, steel or 

copper (Adam Herr, 2017). It may be to generalize to position this company into a group of 

traditional, family-run companies, that are satisfied with the way they run business at the time, 

as it is profitable. However, according to Raymond and St-Pierre (2009) such companies need 

innovation for survival in the long term. Moreover, they state that R&D efforts is an 

determinant for product innovation, and in particular this is mediated by process innovation 

(Raymond and St-Pierre, 2009). 

2) 3D printing does not actually make sense 

The second aspect as to why the majority of SMEs comes short in terms of 3D print 

investments can be due to some companies wherein a 3D printer or service does not make any 

sense due to their current business offerings. Edmondson (2017) emphasizes that for 3D 

printing to make sense, it must offer a clear relative advantage over current practices, and 

should not be invested in for the sake of showcasing one’s company as innovative and on the 

fore of R&D itself. Furthermore, the compatibility of the innovation with current values and 

beliefs, next to complexity of handling it, affects the degree to which adoption occurs. If the 

focal company do not perceive these characteristics does not appeal as beneficial to the 

decision makers, the innovation is less likely to be worth investing in (Rogers, 2003). 

It is worth illuminating in this context that the technology offered today is mostly beneficial 

for functional parts i.e. prototyping, and fit and assembly, and tooling, among others 

(Wohlers, 2016). Furthermore, the Wohler Report reveals that “flexible manufacturing with 

AM may not be advantageous for an entire product, but it may be effective for specific parts 

that require variations. This applies to differing markets around the world, different target 

customer groups, or adding an element of customization. An example is a product with 

standard internal parts produced through conventional manufacturing and a variable external 

shape or user interface from parts produced using AM. The custom in-the-ear hearing aids 

mentioned previously are an example of this. The external shells are made using AM from 

scan data of the patient’s outer ear canal, while the internal electronics are standard parts” 

(Wohlers, 2016, p. 186). 

3) Late majority and market laggards 

The third aspect is grounded in Rogers (2003) Diffusion of Innovations theory about how 

members of a social system can be classified on the basis of their innovativeness. Rogers 
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argue that the innovativeness help understanding the desire and behavior along the decision 

process of adopting an innovation. As such, the companies who have not yet come to a 

decision about adoption or full acceptance of 3D printing today, might be so due to them 

belonging to Rogers late majority – or laggards –  classification (Rogers, 2003). From our 

survey, we identified 7 companies that have not invested in 3D printing yet, mainly due to not 

seeing a business case for it, and barriers like financial constraints, knowledge, and rigid 

organizational culture (appendix C). According to Diffusion of Innovations theory, such 

companies are affected by “economic necessity and peer pressure may lead them to the 

adoption of the innovation. To reduce the uncertainty of the innovation, interpersonal 

networks of close peers should persuade the late majority to adopt it. Then, “the late majority 

feel that it is safe to adopt” (Rogers, 2003, p. 284).  

To put the above simply, they need “proof of concept”. As mentioned in the analysis, this is a 

tendency of mimetic processes within isomorphism which is a common action for overcoming 

uncertainty by companies looking at what other peers in the industry are doing (Powell & 

DiMaggio, 1983). However, such mimetic actions can also be understood as the companies 

seeking confirmation about own decisions, which would be the case for the late majority 

companies.  

Regardless of how one views this group of companies, it might also be that the 3D printing 

use today belongs to the early adopters and early majority in the market, depending on how 

one defines adoption of 3D printing. Given EY’s findings that 24% of companies had already 

tried the technology and that 12% were considering to adapt it in 2016, this can be argued to 

correspond with Rogers (2003) suggestion about 13-35% of the market belonging to the early 

adopters or majority. Consequently, the technology still has a way to go in terms of it fully 

being accepted across the manufacturing industry. 

What is “fully accepted”? 

Earlier, in our analysis, we defined the term acceptance, and argued that in terms of 3D 

printing, accepted means that a business has incorporated it as a relatively significant part of 

their value stream, and as such consider it as a relevant part of business. However, as this may 

be very individual from company to company, the term “fully accepted” is very challenging to 

define. Moreover, it may simply be impossible to define, as there is no such thing as one type 

of 3D printing technology, or one type of 3D printing use (Wohlers, 2016; EY, 2016). 



	

108	

 On one hand, a business may have fully accepted 3D printing if it is a part of the production 

line, at the point when it is a crucial contribution to the value adding of the end product. By 

this we argue that the production of that end product would not be able to run without the 

presence of 3D printing as a part of it. The best example of such a production is that of the 

global hearing aid industry, which adopted 3D printing for manufacturing hearing aid shells, 

where 3D printing is the  (Sandström, 2015). 

On the other hand, we argue that prototyping solely also can constitute full acceptance. E.g. 

does TetraPak fully use 3D printing for prototyping and product development of their packing 

machines, an initiative that has saved them time and costs, and more than paid back the 

economical investment. The company also intend to further invest in metal printers, when 

both the rigid management and market offering is ready (Nilsson, 2017). As such, we argue in 

favor of them as having fully accepted 3D printing. 

Consequently, we reject that extent of use and type of 3D printing appliance is correlating as 

such. Full acceptance has more to do with the dependence the company has on 3D printing for 

their main product or service offering to add value.  

 

7.4 Deliberate or emergent strategy? 

In regards to the strategic decisions for an investment such as in 3D printing, actions may be 

taken deliberately, or occur due to emergent patterns in the business development. As strategy 

is consistency behavior, whether intended, innovation can emerge from anywhere (Mintzberg, 

1987). In a dynamic market, the investment may commence due to investments such a big bet 

or simply through a smaller investment, also referred to as a no-regret move (Courtney et. 

al.1997). An investment like the former may typically be made following a thorough business 

case calculation, appreciated by rational managers. An emergent innovation strategy, i.e. 

R&D of 3D printing, may lead the company into an unexpected, yet valuable, realized 

strategy (Mintzberg, 1987).  

As earlier presented in our thesis, Thürmer started off their research and product development 

as an exploratory initiative, yet it was a top-down decision according to Rosenvinge (2017). 

In the aftermath of the initial years of Thürmer’s experiences with this initiative, an emergent 
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strategy can be identified as they currently have started to offer various seminars to interested 

parties due to their acquired high level of knowledge and expertise within the technology 

(Rosenvinge, 2017). Regardless of our interpretation in the analysis of Thürmer as a pending 

company in relation to full technology acceptance, we confirm that their realized strategy so 

far applies to that of a shapers strategy with an options action (Courtney et al., 1997). We base 

this speculation in Nigel Edmondson’s (2017) sayings about Thürmer as being a company that 

is trying to shape the technology of 3D printing to their needs, and as such that they are 

pushing the boundaries of the 3D printing industry and further being a role model for other 

traditional SMEs. 

As such, deliberate adoption of 3D printing can be said to be a top-down decision, or an 

emergent bottom-up strategy, with decisions also depends on the resources of the company. 

Edmondson (2017) explicitly states that for a business model innovation “there has to be a 

very big advantage for 3D printing for it to make sense for a business”. This involves that the 

company needs to assess the relative advantage and adoption and further acceptance brings, 

e.g. in terms of a leaner supply chain, or, for product innovation, the functionality of the 3D 

printed products they intend to produce, like the complex cutting tools that Thürmer seeks to 

create for a niche market cannot be made in any other way than with 3D printing 

(Edmondson, 2017). Considering these insights, an adoption and further acceptance of 3D 

printing would be more proper if executed through an intended and deliberate strategy. 
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8. Conclusion 

Over the course of this study, we have explored the presence of 3D printing adoption among 

manufacturing firms and investigated underlying factors and parameters in a dynamic 

environment affecting adoption. More specifically, we have examined how the decision-

making process foregoes when evaluating an investment in the 3D printing technology, a 

study across manufacturing industries, company size, and geographical locations. The main 

objective of the study was to uncover how uncertainty, barriers, and perceptions of a 

technological innovation, like 3D printing, are affecting decisions investment. 

To get a deep understanding of our research topic, we collected both qualitative and 

quantitative data through 9 explorative interviews, which we further used in combination with 

theoretical frameworks to conduct a survey with 29 respondents representing companies in 

the manufacturing industry. Subsequently, we utilized the raw data as basis for our 

interpretations and further enclosed it to a decision process context. For this, we developed a 

self-made decision tree for showcasing the evaluation process for adoption and acceptance of 

3D printing. This allowed us to analyze the findings along different steps in the decision 

process and identify variations among the awareness, interest, assessment, adoption, 

acceptance, and rejection of 3D printing. As such, we could find the most prominent 

parameters affecting decision process, and further compare how these are affecting the 

companies’ decision making in our study differently.  

Our findings from the survey revealed that 20 out of 29 respondents have already adopted 3D 

printing. However, according to our analysis we suggest that only 5 have fully accepted 3D 

printing, and 2 have rejected it. 80% of the companies disclosed having experienced 

uncertainty prior to the investment in 3D printing. The uncertainty was also higher among the 

companies that have not yet invested, and for the ones we have identified to still be positioned 

at an assessment/experience phase of the decision tree, than for the companies that we 

identified having accepted 3D printing. We have argued that uncertainty and barriers are 

closely related and might cause each other in combination. 

We identified some main perceptions of both 3D printing technology’s characteristics, and of 

the companies own resources and capabilities, affecting the decision process. We found that 

the higher perception of performance, in addition to relative advantage of adopting 3D 
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printing, the more likely it is adopted. Further, perceptions of effort expectancy disclosed that 

both high and low expectancies of effort lead to adoption. Most companies perceived their 

facilitating conditions to be technical expertise,  

We found high consensus in that general market trends and being a step ahead of competitors 

were the most encouraging factors for looking into 3D printing. This is related to a vast 

amount of predictions about the future role of 3D printing as part of Industry 4.0. Despite 

almost all interviewees and respondents having positive perceptions of 3D printing, most 

companies seemed to not be affected by hyped expectations, as the majority of our sample are 

still exploring the technology and possible business cases before deciding upon any big bets.  

The most prevalent barriers to adoption of 3D printing in our study were found to be 

inadequate technology, inadequate materials, financial resource constraints, as well as lack of 

talent and in-house knowledge. These are consistent with earlier research and literature on the 

topic. We also stand by the fact that they constitute “hard” and “soft” barriers, which we 

argue to reflect hard and soft needs in an organization that has adopted an advanced 

manufacturing technology, like 3D printing. Such needs are complementary and need to 

advent for an advanced manufacturing technology to succeed after adoption. Yet, we 

discovered that it is of outmost importance for companies across all stages of the process to 

see a relevant value, through relative advantage over current manufacturing practices, in 3D 

printing for it to be adopted, and further fully accepted. In regards to this, we found that an 

embedded innovative culture and strong dynamic capabilities is highly important for a 

successful adoption.  

We identified the hard barrier of inadequate technology and materials to be the biggest “pain 

point” in the decision process, stated by companies that have adopted 3D printing, and 

furthermore it acts as the most prevailing barrier for why the same companies are pending in 

their decisions to further accepting the technology. Quite paradoxically, we found that some 

companies are hesitant to invest further into 3D printing as the technology is developing at 

such a fast pace that they are afraid to be stranded with outdated systems or machines within a 

year. This, among other factors such as a lack of industry quality standards, slow printing 

speed, and high costs both in initial investment and maintenance of advanced 3D printers 

entails a great deal of uncertainty related to actual use, which is reflected in how many of the 

companies in our study have adopted a “wait and see approach”.  
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Yet, research and literature suggest that the very barrier to 3D printing of adoption is rigid 

organization culture and lack of talent and expertise, as we found to be the “soft barrier”. 

Fixed mindsets and risk aversion might block creativity to spot new business cases and 

business model innovations that can be advantageous, especially for SMEs. They are also 

lacking initiative to overcome hurdles by utilize facilities like collaborations. Another 

explanation to the remaining soft barrier might be that talented graduates with high 

knowledge and expertise seek their career in the big and resourceful companies. As such, an 

innovation gap might occur and there is a lack of people driving innovation, and adoption of 

3D printing, in the traditional companies.  

To come to a final conclusion and answer our research question, we argue that the decision 

process of evaluating and investing in an innovative technology like 3D printing foregoes in 

an iterative way. This is due to it being affected by dynamic forces, internal and external to 

the organization, and an ever-existing residual uncertainty in the market as companies never 

will know exactly how the future technology of 3D printing will develop. As such, market 

conditions will change as well as companies’ resources and capabilities in relation to it. 

Consequently, barriers will come and go along with the dynamic environment, hindering full 

acceptance to a more or less extent. Additionally, the term “fully accepted” will continue as a 

relative phenomenon, as future uncertainty holds the full potential of any technological 

development due to the evolving nature of innovation.  

 

8.1 Limitations 

Although our study offers some insights to how the decision-making process foregoes around 

evaluating investments in 3D printing, it is important to note that we cannot nor will claim it 

to be a representative study for the manufacturing industry at a whole. This is due to our non-

significant sample size and the limited geographical span of our interviewees and survey 

respondents.  

Another limitation to our study is that we have had interviewees and respondents at different 

levels throughout the organization, and as such, there are some differences in their knowledge 

levels in regards to 3D printing and business practices, where engineers may be more aware 
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of the technical aspects whereas business managers can respond more accurately to questions 

related to strategy.  

Lastly, due to time limitations and limited transparency in regards to companies’ relation to 

3D printing, we could not necessarily assess beforehand to what extent they were using or not 

using 3D printing. As such, we could not know where or how many of the respondents in the 

survey would end up in each category, which is why we have smaller numbers in the “Not 

using” categories.   

	

8.2 Suggestions for further research 

Our study provides an applicability of previous research done from the acceptance process of 

new technologies on the 3D printer as a specific case, and future opportunities could be to 

further develop this study and take into consideration more parameters. Such could be to go 

more in depth of every company, by looking at how the key moderators of use, being gender, 

age, experience, and voluntariness of use among decision units in the companies, and how 

varieties in such could explain perceptions leading to varieties in intention to adopt.  

Further, an area could be to look at which cases of business model innovation would be more 

appropriate for the future use of 3D printing in manufacturing than others. We have indicated 

that by including it in a hybrid way with traditional methods, or by penetrating niche markets, 

competitive advantage with the use of 3D printing could be achieved. 

An in-depth study on the relationships between perceptions, barriers, and uncertainty could be 

interesting to look at. For such, a large quantitative study generating significant correlations 

(if found) that are generalizable would provide a solid understanding of how the parameters 

affect each other, and consequently affecting decision processes of 3D printing investments.  
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Appendix A 

Survey with questions and answer alternatives for all tracks. 

- Colors represent the four perceptions in Venkatesh (2003) UTAUT 

- Other theories are indicated by text 

 

 

Performance 
Expectancy 

Effort 
Expectancy 

Facilitating 
Conditions 

Social 
Influence 

General 
Question 

Other 
theory 

Thread 1: "Using" 

 

1. What is the size of your company? 
 
a. 1-10 
b. 11-50 
c. 51-250 
d. 251-500 
f. 500< 

 

2. Are you currently applying 3D printing in your business? 
 
-Yes. 

attitude 
adoption 

3. What are you using 3D printing for? Mark all that apply: 
 
a. Prototyping 
b. Small scale/batch production 
c. Mass/flow production 
d. Rapid tooling 
e. To build products/components that cannot be made from traditional methods 
f. Customized components/products 
g. Spare parts 
h. Other: 

attitude 

4. Did any of the below encourage you to explore 3D printing? Mark all that apply: 
 
a. General market trends 
b. Customer 
c. Competitors were already doing it 
d. To be a step ahead of our competitors 
e. Players in other industries 
f. Suppliers 
g. Governmental encouragement 
h. Other: 



Strategy 
under 

uncertainty 
- 

adoption 
acceptance 

5. Did you face uncertainty when you were looking to invest in 3D-printing? If so, how 
did you deal with it? Mark all that apply. 
 
a. We didn’t face any uncertainty 
b. We looked at what similar companies to us were doing 
c. We allocated key resources and employees to do research 
c. We engaged in networks (e.g. 3D-printing conferences, seminars) 
d. We did pilot projects 
e. Other: 

AMTA 
- 

Strategy 
under 

uncertainty 
- 

adoption 

6. Did you experience any barriers when adopting 3DP? 
 
a. We did not experience any barriers 
b. Financial resource constraints 
c. IP protection issues 
d. Rigid organizational culture 
e. Lack of talent and in-house knowledge 
f. Political and regulatory constraints 
g. Weak governance/leadership 
h. Inadequate technology 
i. Inadequate materials 
j. Other: 

Strategy 
under 

uncertainty 
- 

acceptance 

7. How did you overcome these barriers? 
 
a. We did not experience any barriers 
b. Outsourced knowledge and expertise 
c. Invested in R&D 
d. Received more funding 
e. Waited for better technology 
f. Other: 

AMTA 
- 

attitude 

8. What resources and support did you have available to help guide your current use 
of 3DP prior to making an investment? 
 
a. Technical expertise 
b. Knowledge base 
c. Time and funds 
d. Government subsidies 
e. Collaboration partner(s) 
f. Other: 

adoption 

9. To what degree did you perceive the investment to require effort? 
 
a. Significant high levels of effort 
b. Quite high levels of effort 
c. Moderate 
d. Not much effort 
e. No effort 



attitude 

10. What were your expectations before investment took place? 
 
a. Very optimistic 
b. Positive 
c. Neutral 
d. Skeptic/negative 
e. Very pessimistic 

AMTA 
- 

attitude 

11. Did you calculate a business case before investing in 3DP? 
 
a. Yes, with clear metrics for financial returns. 
b. We identified key areas for 3DP, but not specific financials. 
c. It was more an explorative initiative as part of R&D. 
d. Not at all 

acceptance 

12. How has the investment met the performance criteria set from an operational 
perspective (print quality, speed, specifications, etc.):? 
 
a. Over performed 
b. Neutral (as expected) 
c. Underperformed 
d. Still too early to say 

acceptance 

13. How has the investment met the performance criteria set from a business 
perspective (ROI, payback, cost savings, etc.): 
 
e. Over performed 
f. Neutral (as expected) 
g. Underperformed 
h. Still too early to say 

Strategy 
under 

uncertainty 
- 

acceptance 

14. If you are looking to invest more heavily in 3D printing technology, what is the main 
challenge right now? 
How do you currently work to overcome the barriers? 
 
Answer: Each respondent could elaborate as short/long as they wanted with free text. 

 15. What is the name of your company? (Voluntary) 

 Thread 2: "Not using, considering" 

 

1. What is the size of your company? 
 
a. 1-10 
b. 11-50 
c. 51-250 
d. 251-500 
f. 500< 

 

2. Are you currently applying 3D printing in your business? 
 
- No 

 
3. Are you considering to use 3D printing? 
 



- Yes 

attitude 
adoption 

4. What are you seeking to use 3D printing for? Mark all that apply. 
 
a. Prototyping 
b. Small scale/batch production 
c. Mass/flow production 
d. Rapid tooling 
e. To build products/components that cannot be made from traditional methods 
f. Customized components/products 
g. Spare parts 
h. Other: 

attitude 

5. To which degree do you envision that the 3D printer will provide value to your 
business? 
 
a. Great impact 
b. Moderate impact 
c. Slight improvement 
d. No/little impact 

AMTA 
- 

Strategy 
under 

uncertainty 
- 

adoption 

6. Are you experiencing any barriers in your decision process about adopting 3DP? 
 
a. We did not experience any barriers 
b. Financial resource constraints 
c. IP protection issues 
d. Rigid organizational culture 
e. Lack of talent and in-house knowledge 
f. Political and regulatory constraints 
g. Weak governance/leadership 
h. Inadequate technology 
i. Inadequate materials 
j. Other: 

Strategy 
under 

uncertainty 
- 

acceptance 

7. How are you planning to overcome these barriers? 
 
a. We did not experience any barriers 
b. Outsourced knowledge and expertise 
c. Invested in R&D 
d. Received more funding 
e. Waited for better technology 
f. Other: 

AMTA 
- 

attitude 

8. What resources and support do you have available to help guide your potential 
future use of 3DP? Mark all that apply. 
 
a. Technical expertise 
b. Knowledge base 
c. Time and funds 
d. Government subsidies 
e. Collaboration partner(s) 
f. Other: 



adoption 

9.To what degree are you perceiving the investment to require effort? 
 
a. Significant high levels of effort 
b. Quite high levels of effort 
c. Moderate 
d. Not much effort 
e. No effort 

attitude 

10. Did any of the below encourage you to explore 3D printing? Mark all that apply. 
 
a. General market trends 
b. Customers 
c. Competitors were already doing it 
d. To be a step ahead of our competitors 
e. Players in other industries 
f. Suppliers 
g. Governmental encouragement 
h. Other: 

Strategy 
under 

uncertainty 
- 

adoption 
acceptence 

11. Are you facing uncertainty in your consideration to invest in 3D-printing? If so, how 
are you dealing with it? Mark all that apply. 
 
a. We are not facing any uncertainty 
b. We are looking at what similar companies to us were doing 
c. We are allocating key resources and employees to do research 
c. We are engaging in networks (e.g. 3D-printing conferences, seminars) 
d. We are doing pilot projects 
e. Other: 

 12. What is the name of your company? (Voluntary) 

 Thread 3: "Not using, maybe considering" 

 

1. What is the size of your company? 
 
a. 1-10 
b. 11-50 
c. 51-250 
d. 251-500 
f. 500< 

 

2. Are you currently applying 3D printing in your business? 
 
-No 

AMTA 
- 

attitude 

3. Why are you not using 3DP? Mark all that apply: 
 
a. We have postponed an investment (if so please tick of reasons why below) 
b. The technology (speed, quality, precision) is still too inadequate for us 
c. We currently use other technologies that serve the same purpose 
d. We are lacking the financial resources 
e. We are lacking technical expertise and knowledge 
f. Other: 



 

4. Are you considering to use 3D printing? 
 
- Maybe 

attitude 

5. What is your perception of 3D printing technology? 
 
a. We lack enough knowledge to have any perception 
b. Positive 
c. Neutral 
d. Negative 
e. It's a hype 

attitude 
adoption 

6. For which areas could you imagine using 3D printing? Mark all that apply. 
 
a. Prototyping 
b. Small scale/batch production 
c. Mass/flow production 
d. Rapid tooling 
e. To build products/components that cannot be made from traditional methods 
f. Customized components/products 
g. Spare parts 
h. Other: 

AMTA 
- 

adoption 

7. What barriers could you imagine that you would face if adapting 3D printing? 
 
a. Can not imagine any significant barriers 
b. Financial resource constraints 
c. IP protection issues 
d. Existing organizational culture 
e. Lack of talent and in-house knowledge 
f. Political and regulatory factors 
g. Inadequate technology 
h. Inadequate materials 
i. Weak governance/Leadership 
j. Other: 

adoption 

8. To what degree would you perceive the investment to require effort? 
 
a. significant high levels of effort 
b. quite high levels of effort 
c. moderate 
d. not much effort 
e. no effort 

attitude 

9. Are you currently feeling influenced by any of the following external actors for 
looking into 3D printing? Mark all that apply: 
 
a. General market trends 
b. Customers 
c. Competitors were already doing it 
d. To be a step ahead of our competitors 
e. Players in other industries 
f. Suppliers 
g. Governmental encouragement 



h. Other: 

 10. What is the name of your company? (Voluntary) 

 Thread 4: "Not using, not considering" 

 

1. Are you currently applying 3D printing in your business? 
 
- No 

AMTA 
- 

attitude 

2. Why are you not using 3DP? Mark all that apply: 
 
a. We have postponed an investment (if so please tick of reasons why below) 
b. The technology (speed, quality, precision) is still too inadequate for us 
c. We currently use other technologies that serve the same purpose 
d. We are lacking the financial resources 
e. We are lacking technical expertise and knowledge 
f. We don't see a business case 
g. Other: 

 

3. Are you considering to use 3D printing? 
 
- No 

attitude 

4. What is your perception of 3D printing technology? 
 
a. We lack enough knowledge to have any perception 
b. Positive 
c. Neutral 
d. Negative 
e. It's a hype 

 5. What is the name of your company? (Voluntary) 
 



Appendix B

Key findings from survey

"Not 
considering" 2 companies "Maybe 

considering" 3 companies 2 companies "Considering" 2 companies

Size SME Size SME Large Enterprise Size SME

Why not using: Don't see a 
business case

Why not 
using:

We are lacking 
technical 
expertise 

and knowledge
We currently use 

other 
technologies 
that serve the 
same purpose
We don't see a 

business case for 
it

Inadequate 
technology

We don't see a 
business case

Considering to 
use it for:

Prototyping
Customization

To build 
products/compon
ents that cannot 
be made from 

traditional 
methods

Rapid tooling
Spare parts

Perception 
of 3D printing:

It's a hype
We lack enough 

knowledge to 
have any 
perception

Perception of 3D 
printing: Positive Positive

To what degree
do they 
envision

3DP to provide 
value:

Moderate impact

Considering to 
use it for:

Production
Customization

Series production

Prototyping
Customizing
Spare parts

Barriers: 

Rigid 
organizational 

culture
Inadequate 

materials
Political and 
regulatory 
constraints

Barriers: 

Financial 
resource 

constraints
Lack of talent and 

in-house 
knowledge
Exsiting 

organizational 
culture

Political and 
regulatory factors

Inadequate 
materials

Planning on 
overcoming 

these barriers:

Outsource 
knowledge 

and expertise
Invest in R&D

Wait for 
technology to 
become better

Perceived 
investment 

effort:

Moderate/Quite 
high levels of 

effort
Moderate effort Support 

available:

Technical 
expertise

Knowledge base



Currently 
encouraged 

by:

General market 
trends

Suppliers

General market 
trends

To be a step 
ahead

Perceived 
effort:

Quite high/ 
significantly high 

levels of effort

Encouraged 
them:

General market 
trends

To be a step 
ahead of our 
competitors

Dealing with 
uncertainty:

We allocated key 
resources and 

employees to do 
research

Engaged in 
networks

(3D-printing 
conferences)

Decision tree
position: (awareness) (interested) (interested) (assessing)

"Using" 8 companies 4 companies 4 companies 1 company 2 companies

Size SME Large Enterprise SME Large Enterprise SME

Usage
Prototyping 
Customizing
Rapid tooling

Prototyping
Rapid tooling
Customizing

Prototyping
Production

Customizing
To build 

products/compon
ents that cannot 
be made from 

traditional 
methods

Prototyping
Production

Series Production
Rapid tooling

To build 
products/compon
ents that cannot 
be made from 

traditional 
methods

Prototyping 
Customizing

Encouragement

General market
trends

To be a step 
ahead of 

competitors

General market 
trends

To be a step 
ahead of 

competitors
Players in other 

markets

General market 
trends

To be a step 
ahead of our 
competitors

Players in other 
industries

General market 
trends

To be a step 
ahead of our 
competitors
Suppliers

General market 
trends

Customers
Competitors 
were already 

doing it
To be a step 
ahead of our 
competitors



Overcame 
uncertainty

Did pilot projects
Allocated key 
resources and 

employees to do 
research 

Engaged in 
networks

Allocated key 
resources and 

employees to do 
research

Engaged in 
networks

Pilot projects

 Allocated key 
resources

 and employees 
to do 

research.
Engaged in 
networks.

Pilot projects.

We allocated key 
resources and 

employees to do 
research

We engaged in 
networks

Pilot projects
We looked at 
what similar 

companies to us 
were doing 

Barriers

Financial 
constraints

Lack of talent and 
in-house 
knowledge
Inadequate 
technology

Rigid 
organizational 

culture
Inadequate 
technology
Inadequate 

materials

Inadequate 
technology 
Financial 
resource 

constraints

Inadequate 
materials

Financial 
resource 

constraints
Inadequate 
technology
Inadequate 

materials

Overcame 
barriers

Invested in R&D
Outsourced 

knowledge and 
expertise

Waited for better
technology

Outsourced 
knowledge and 

expertise
Invested in R&D 
Waited for better 

technology

Outsourced 
knowledge 

and expertise + 
invested

 in R&D + waited 
for better 
technology

Waited for better 
technology

Waited for better 
technology

Other: "adjusted 
our 

expectations"
"Returned 3D 

printer"

Resources & 
support

Collaboration 
partner(s)
Technical 
expertise

Knowledge base

Technical 
expertise

Knowledge base
Time and funds

Technical 
expertise 

Knowledge base
Time and funds

Governent 
subsidies

Collaboration 
partner(s)

Technical 
expertise

Knowledge base

Technical 
expertise

Knowledge base
Time and funds

Perceived effort
Moderate/

Quite high levels 
of effort

Moderate/
Quite high levels 

of effort
Moderate Moderate Quite high levels 

of effort

Expectations Positive Positive/Very 
optimistic

Positive/Very 
optimistic Positive Positive

Business case 
calc.

Avg:"We 
identified key 

areas 
for 3DP, but not 

specific 
financials"

No avg. Differs 
from: 

"not at all" to 
"yes, with clear 

metrics for 
financial returns")

Avg:We identified 
key areas 

for 3DP, but not 
specific 
financials

We identified key 
areas for 3DP, 
but not specific 

financials

Explorative 
initiative as

part of R&D. 

Operational 
performance

Neutral /Still too 
early to say Neutral Neutral/ Over 

performed Over performed Underperformed



Business 
performance

Neutral (as 
expexted)/Still too 

early to say

Neutral (as 
expected)

Neutral/ Over 
performed Over performed Underperformed

/Neutral

Future 
investment?

Looking for better 
technology

Dealing with 
financial 

constraints

Currently using 
external service 

providers.
Looking to invest 

in big and 
complex systems

No big barriers, 
but seeking next 

printer 
generation, need 

to create 
customer 

demand, and 
manage internal 
transformation 

processes

Better materials Cost of printers
Quality of prints 

Decision tree
position:

(adopting/experie
ncing)

(adopting/experie
ncing) (accepting) (accepting) ("wait and see")



Appendix C 
 

Answers from all respondents 
 
1. First track “Using” 
 

20 in total Respondent #1 Respondent#2 Respondent #3 Respondent #4 Respondent#5 

Size SME SME SME SME SME 

Usage 

prototyping 
+ customized 

components/prod
ucts 

Prototyping 

Prototyping + 
production 
+ To build 
products 

/components that 
cannot be made 
from traditional 

methods 

Prototyping + 
Customized 

components/prod
ucts 

Prototyping + 
tooling 
+ other: 

“holde/hjælpe 
værktöjer” 

Encouragem
ent 

To be a step 
ahead of 

their competitors 

General market 
trends 

General market 
trends 

General market 
trends 

Players in other 
industries + 

suppliers 

Overcame 
uncertainty pilot projects Don’t know pilot projects 

Didn’t face any 
uncertainty 
Allocated 

key resources 
and 

employees to do 
research 

Did pilot projects 

Other: Had a 
3D-printing 

supplier 

Barriers financial 
constraints 

Inadequate tech + 
Inadequate 
materials 

Inadequate 
technology + 
inadequate 
materials 

No barriers 
Lack of talent and 

in-house 
knowledge 

Overcame 
barriers 

waited for better 
technology 

Waited for better 
technology 

Waited for better 
techn 

ology + “returned 
the 

FDM printer” 

No barriers Other: “Prøvde oss 
fram” 

Resources & 
support 

Technical 
expertise 

Collaboration 
partner(s) Time and funds Collaboration 

partner(s) Other: "Google" 

Perceived 
effort Not much effort Quite high levels 

of effort 
Quite high levels 

of effort Moderate Not much effort 

Expectations Positive Positive Very optimistic Positive Positive 

Business 
case calc. 

explorative 
initiative as 
part of R&D. 

Yes with clear 
metrics 

for financial 
returns 

explorative 
initiative as 
part of R&D. 

Not at all Not at all 

Operational 
performance Underperformed Still too early to 

say Underperformed Neutral (as 
expected) 

Neutral (as 
expected) 



Business 
performance Underperformed Still too early to 

say 
Neutral (as 
expected) 

Neutral (as 
expected) 

Neutral (as 
expected) 

Future 
investment? 
Barriers to 

that? 

“We need a high 
performance 

printer 
and it is 

expensive” 

Bigger metal 
components 

Quality of print + 
strenght 

of material + 
printer 

without problems 

“The challenge 
for us right 

now is 3D metal 
printing ie 

mechanical 
properties as 

well as speed.” 

Svært at finde fdm 
printer til 

400x400x400 
mm til under 
50.000 kr. 

(Den skal ikke 
bruges 

ret meget) 

Company Videometer  Ceramicspeed   

Decision tree 
position ("wait and see") (adopting/experien

cing) 
(accepted-rejecte

d) (back to step 3) (back to step 3) 

 
Continued: 
 
 Respondent #6 Respondent #7 Respondent #8 Respondent #9 Respondent #10 

Size SME SME SME SME SME 

Usage 

Prototyping + 
production 

+ customized 
components/spar

e parts 

Prototyping + 
Production 
+ to build 
products/ 

components that 
cannot 

be made with 
traditional 
methods + 
customized 

components/prod
ucts 

Prototyping + 
production + 

series production 

Prototyping + 
rapid tooling 

Prototyping + 
Customized 
components/ 

products + Spare 
parts + 

Other: aesthetic 
research 

Encouragem
ent 

To be a step 
ahead of 

their competitors 

General market 
trends 

To be a step 
ahead 
of their 

competitors 

General market 
trends 

+ Customers + To 
be a 

step ahead their 
competitors 

General market 
trends 

Overcame 
uncertainty 

Engaged in 
networks 
(e.g. 3DP 

conferences) 

looked at what 
similar 

companies were 
doing 

+ allocated key 
resources 

and employees 
to do 

research + 
engaged in 

networks (e.g. 
3D-printing 

conferences, 
seminars) 

pilot projects They didn’t face 
any uncertainty 

They didn’t face 
any uncertainty 



+ did pilot 
projects 

Barriers 

Financial 
constraints + 

lack of talent and 
in-house 

knowledge + 
Inadequate 
materials 

Inadequate 
technology 

+ inadequate 
materials 

Financial 
constraints + 
inadequate 
technology 

+ inadequate 
materials 

Lack of talent and 
in 

house knowledge 
No barriers 

Overcame 
barriers Invested in R&D 

Outsourced 
knowledge 

and expertise + 
invested 

in R&D + waited 
for better 

technology 

Outsourced 
knowledge 

and expertise + 
invested 
in R&D 

Other: 
training internally No barriers 

Resources & 
support Time and funds 

Technical 
expertise + 

Time and funds 
+ 

collaboration 
partners 

Technical 
expertise + 

Government 
subsidies 

+ Collaboration 
partner(s) 

Technical expertise 
+ 

collaboration 
partner(s) 

Collaboration 
partner(s) 

Perceived 
effort Moderate Moderate Moderate Moderate Not much effort 

Expectations Very optimistic Positive Neutral Positive Very optimistic 

Business 
case calc. 

explorative 
initiative as 
part of R&D 

explorative 
initiative as 
part of R&D 

We identified key 
areas 

for 3DP, but not 
specific 

financials 

explorative initiative 
as 

part of R&D 

We identified key 
areas 

for 3DP, but not 
specific 

financials 

Operational 
performance 

Still too early to 
say 

Neutral (as 
expected) 

Neutral (as 
expected) 

Neutral (as 
expected) Over performed 

Business 
performance 

Neutral (as 
expected) 

Neutral (as 
expected) 

Still too early to 
say 

Neutral (as 
expected) 

Neutral (as 
expected) 

Future 
investment? 
Barriers to 

that? 

Looking for 
funding No barriers Not right now 

“Too early to say, 
no 

further investments 
are 

in our budget.” 

No big 
challenges,but we 

are waiting for 
thenext 

generation og 
filament 

printers with a 
stepped up 

quality. 
oday have already 

a good 
quality finish but 

we feel 
there is room for 

further 
improvement. 



Company Thürmer Tools   LPM Production  

Decision tree 
position 

(adopting/experie
ncing) (accepting) (adopting/experie

ncing) 
(adopting/experien

cing) 
(experiencing/acc

epting) 

 
Continued: 
 

 Respondent #11 Respondent #12 Respondent #13 Respondent #14 Respondent #15 

Size SME SME SME SME SME 

Usage 

Prototyping 
Customized 
components/ 

products 
To build 

components that 
cannot be made 

from trad 
methods 

Prototyping Prototyping Mass/flow 
production Prototyping 

Encouragem
ent 

General market 
trends 

To be a step 
ahead of our 
competitors 

Players in other 
industries 

Other: "The cost 
of the machines 
is less and the 

usability has also 
improved" 

Other: 
prototyping again 

General market 
trends 

General market 
trends 

Customers 
Competitors were 

already doing it 
To be a step 
ahead of our 
competitors 

Overcame 
uncertainty 

We allocated key 
resources and 

employees to do 
research 

We did pilot 
projects 

"Just did it :-). 
Without courage 
and risk taking 

you cannot 
innovate" 

 

We allocated key 
resources and 

employees to do 
research 
Other: 

"Robustness, 
maintanance 
support and 

material 
availability and 

cost were 
importantfactors 

for us." 

We allocated key 
resources and 

employees to do 
research 

Pilot projects 

We allocated key 
resources and 

employees to do 
research 

We looked at 
what similar 

companies to us 
were doing 

Barriers 

Financial 
resource 

constraints 
Inadequate 
technology 

Inadequate 
technology 

Other: The failure 
rate on low cost 
3DP is high. The 
surface finish is 

also poor. 

Inadequate 
materials 

Financial resource 
constraints 
Inadequate 
technology 

Financial 
resource 

constraints 
Inadequate 
technology 
Inadequate 
materials 

Overcame 
barriers 

Received more 
funding 

Other: Used 
external suppliers 

with more 
expensive 

Waited for better 
technology 

Invested in R&D 
Received more 

funding 

Waited for better 
technology 

Other: "adjusted 
our expectations" 



"Try to work with 
and "bend" the 

technology" 

machines that 
could offer better 

quality prints 

Resources & 
support 

Technical 
expertice 

knowledge base 
Government 

subsidies 

Technical 
expertise 

Knowledge base 

Technical 
expertise 

Knowledge base 
Time and funds 

Technical expertise 
Knowledge base 
Time and funds 

Governent 
subsidies 

Collaboration 
partner(s) 

Technical 
expertise 

Knowledge base 
Time and funds 

Perceived 
effort Moderate Moderate Quite high levels 

of effort 
Significant high 
levels of effort 

Quite high levels 
of effort 

Expectations positive Positive Very optimistic Very optimistic Positive 

Business 
case calc. 

We identified key 
areas for 3DP, 
but not specific 

financials 

We identified key 
areas for 3DP, 
but not specific 

financials 

We identified key 
areas for 3DP, 
but not specific 

financials 

Yes, with clear 
metrics for financial 

returns 

It was more an 
explorative 

initiative as part of 
R&D 

Operational 
performance 

Neutral (as 
expected) 

Neutral (as 
expected) 

Neutral (as 
expected) Over performed Neutral (as 

expected) 

Business 
performance Over performed Neutral (as 

expected) 
Neutral (as 
expected) Still too early to say Neutral (as 

expected) 

Future 
investment? 
Barriers to 

that? 

It is still a quite 
limited audience 

that 
"understands" 

and are willing to 
pay for the 
3D-printed 

titanium products 
we make. So, we 
face a challenge 

to create a 
demand and 
knowledge 

(marketing) for 
our products. 

Please feel free to 
get back if you 
wish to discuss 

any issues. 
Charlotte Leth, 

cdl@carlottasvilla
ge.dk 

Easy to maintain. 
High speed 

printing, Robust 
parts. Support 

available. 

Main challenge: 
always some 

expert company 
out there offering 

printing as a 
service. 

Materializa, 
FirstCut, Arrk, 

Prototal. So the 
need for having 
our own printers 

is always just 
basic ones. 

Transfer from a 
Technology 

Development 
company to a 

Production 
company 

Quality of the 
results, strength 

and cosmetic 
quality. 

Company Carlottas Village 
ApS Eggs design    

Decision tree 
position (accepting) (adopting/experie

ncing) 
(adopting/experie

ncing) (accepting) ("wait and see") 

 



Continued: 
 

 Respondent #16 Respondent #17 Respondent #18 Respondent #19 Respondent #20 

Size Large Enterprise Large Enterprise Large Enterprise Large Enterprise Large Enterprise 

Usage 

Prototyping 
Rapid tooling 

Building products 
that cannot be 

made from trad. 
methods 

Prototyping 
Production 

Series Production 
Rapid tooling 

To build 
products/compon
ents that cannot 
be made from 

traditional 
methods 

Prototyping 
Customized 

components/prod
ucts 

Other: 
Microscope 
and X-ray 

fixtures 

Prototyping 
Rapid tooling 

To build 
products/compone
nts that cannot be 

made from 
traditional methods 

Customized 
components/produ

cts 
Other: fixtures 

Prototyping 

Encouragem
ent 

General market 
trends 

To be a step 
ahead of our 
competitors 

General market 
trends 

To be a step 
ahead of our 
competitors 
Suppliers 

To be a step 
ahead of 

our competitors 
Players in other 

industries 

General market 
trends 

Customers 
To be a step ahead 
of our competitors 

General market 
trends 

Overcame 
uncertainty 

Allocated key 
resources and 

employees to do 
research 

Engaged in 
networks 

Pilot projects 

We allocated key 
resources and 

employees to do 
research 

We engaged in 
networks 

We allocated key 
resources and 

employees 
to do research 

We looked at what 
similar companies 
to us were doing 
We allocated key 

resources and 
employees to do 

research 
We engaged in 
networks (e.g. 

3D-printing 
conferences, 

seminars) 
We did pilot 

projects 

We didnt face 
uncertainty 

Barriers 

Rigid 
organizational 

culture 
Inadequate 
technology 
Inadequate 
materials 

Other: High cost 
of 3D parts 

Inadequate 
materials 

Financial 
resource 

constraints 
Rigid 

organizational 
culture 

Inadequate 
technology 
Inadequate 
materials 

No barriers 

Overcame 
barriers Barriers still exist Waited for better 

technology 
Argued and 
exemplified 

Outsourced 
knowledge and 

expertise 
Invested in R&D 
Waited for better 

technology 

No barriers 



Resources & 
support 

Don´t know (we 
have 3D printers 
but I don’t know 

the decision 
process) 

Technical 
expertise 

Knowledge base 

Technical 
expertise 

Time and funds 

Technical expertise 
Knowledge base 
Time and funds 
Collaboration 

partner(s) 

Technical 
expertise 

Knowledge base 

Perceived 
effort 

Quite high levels 
of effort Moderate Moderate Quite high levels of 

effort Moderate 

Expectations Neutral Positive Positive Positive Very optimistic 

Business 
case calc. 

It was more an 
explorative 

initiative as part of 
R&D 

We identified key 
areas for 3DP, 
but not specific 

financials 

We identified key 
areas for 3DP, 
but not specific 

financials 

Yes, with clear 
metrics for financial 

returns 
Not at all 

Operational 
performance 

Neutral (as 
expected) Over performed Neutral (as 

expected) 
Neutral (as 
expected) 

Neutral (as 
expected) 

Business 
performance Too early to say Over performed Over performed Neutral (as 

expected) 
Neutral (as 
expected) 

Future 
investment? 

Prefer to use 
service providers. 

Technology 
moves fast so 

reluctant to invest 
in 3D printers that 

perhaps is 
outdated within 1 

year 

Better materials 

We are using a 
U-print from 

Stratasys. We 
would like to 

invest in 
technology for 

using more 
different material 

types. (than 
ABS) We are 
likely to wait a 
while until the 
prices have 

come down a bit. 
Until then we are 

occasionally 
using external 

3D-printing 
resources 

wait for new 
technology/material

s 

Only SLS make 
very strong parts, 

and SLS takes 
too much space. 
At Ekornes we 
have smaller 

printers, ok parts, 
but not strong 

enough for 
verifying actual 

product strength. 

Company  Tetra Pak Mycronic AB  Ekornes 

Decision 
tree position 

(adopting/experien
cing) (accepting) (adopting/experie

ncing) 
(adopting/experien

cing) (experiencing) 

 
 
2. Second track "Not using, considering" 
 

2 in total Respondent #21 Respondent #22 

Size SME SME 



Considering to 
use it for: 

Prototyping + Small 
scale/batch production 

+ Rapid tooling + 
Customized 

components/products 

Prototyping 
To build 

products/components 
that cannot be made 

from traditional 
methods 

Spare parts 

To what degree 
do they envision 
3DP to provide 

value: 

Moderate impact Moderate impact 

Barriers: 
Political and regulatory 

constraints + Inadequate 
materials 

Rigid organizational 
culture 

Inadequate technology 
Inadequate materials 

Planning on 
overcoming 

these barriers: 

Outsource knowledge 
and expertise 

Invest in R&D 
Wait for technology to 

become better 

Support 
available: Technical expertise Knowledge base 

Perceived effort: Quite high levels of effort Significant high levels 
of effort 

Encouraged 
them: General market trends 

General market trends 
To be a step ahead of 

our competitors 

Dealing with 
uncertainty: 

They engaged in networks 
(3D-printing conferences) 

We allocated key 
resources and 

employees to do 
research 

Company: Miba  

Decision tree position (assessing) (assessing) 

 
 
3. Third track "Not using, maybe considering" 
 

5 in total Respondent #23 Responent #24 Respondent #25 Respondent #26 Respondant #27 

Size SME Large Enterprise Large Enterprise SME SME 

Why not using: 

We currently use 
other 

technologies 
that serve the 
same purpose 
We are lacking 

technical 
expertise 

and knowledge 

Inadequate 
technology 

We don't see a 
business case 

We don't see a 
business case for 

it 

Lacking technical 
expertise and 

knowledge 

We don't see a 
business case for 

it 



Perception of 
3D printing Positive Positive Positive Positive Positive 

Considering to 
use it for: 

Prototyping 
Spare parts 

Customized 
components 
Spare parts 

Prototyping 
Customized 
components 

Production 
Customized 

components/prod
ucts 

Other: small 
series production 

Prototyping 

Barriers: 

Financial 
resource 

constraints 
Existing 

organizational 
culture 

Political and 
regulatory 

factors 
Inadequate 
materials 

No barriers 

Lack of talent and 
in-house 

knowledge 
Other: we have 
no idea about 

the cost 

No barriers 

Perceived 
investment 

effort: 

Quite high levels 
of effort Moderate effort Moderate effort Moderate Moderate 

Currently 
encouraged 

by: 

General market 
trends 

Suppliers 

General market 
trends 

To be a step 
ahead 

None Suppliers General market 
trends 

Company: 
   

Bombardier 
Transportation 
Danmark A/S  

Decision tree 
position (interest) 

(interest) (interest) (interest) (interest) 

 
 
4. Fourth track “Not using, not considering” 
 

2 in total Respondent #28 Respondent #29 

Size SME SME 

Why Don't see a 
business case 

Don't see a 
business case 

Perception of 3DP It's a hype 
We lack enough 

knowledge to 
have any perception 

Company Adam Herr GmbH  

Decision tree 
position (awareness) (awareness) 

 



 

Appendix D 

Findings from survey presented with charts and diagrams, for each track and for each 

company size category (SME’s and Large enterprises).  

 
1. Category: SME’s 
 

 
Diagram 1a: Size of companies (SME)  
 
 

 
 
Diagram 1b: Using and not using 3D printing among SME 
 
 
 
 
 
 
 
 



 

1.1 Category “Using” (1-250) Small Medium Enterprises 

 
Chart 1a: Usage of 3D printing among SME 
 

 
Chart 1b: Encouragement for 3D printing 
 
 
 
 
 
 
 
 



 

 
 

 
 
Chart 1c: Uncertainty in 3D printing investments  
 
 
 
 

 
Chart 1d: Barriers when investing in 3D printing  
 
 



 

 
Chart 1e: Actions for overcoming barriers to 3D printing investments 
 
 

 
Chart 1f: Available resources and support prior to 3D printing investment 
 
 
 



 

 
Chart 1g: Perception of investment effort 
 

 
Diagram 1c: Expectations prior to investment  
 



 

Chart 1h: Business case calculated before investment in 3D printing 
 

 
Diagram 1d: How 3D printing investment has met operational performance criteria set 
 
 



 

 
 
 
 
Diagram 1e: How 3D printing investment has met business performance criteria set 
 

1.2 Category “Not using” (1-250) Small Medium Enterprises:  

● “Considering” 
● “Maybe considering” 
● “Not considering” 

 

 
Diagram 2 : Considering to use 3D printing (SME)  
 



 

1.3 Category “Not using, considering” to invest in 3D printing (1-250) Small Medium 
Enterprises:  

 

 
Chart 2a: Seeking usage of 3D printing among SME 
 

 
Diagram 2a: Impact if 3D printing is integrated 
 



 

 
Chart 2b: Barriers in seeking 3D printing adoption 
 

 
Chart 2c: Actions planned to overcome barriers 
 



 

 
Chart 2d: Resources and support available for possible 3D printing adoption 
 

 
Chart 2e: Encouragement for 3D printing 

 



 

 
Chart 2f: Uncertainty in considering 3D printing investments  
 
 

1.4 Category “Not using, maybe considering” to invest in 3D printing (1-250) Small 
Medium Enterprises:  

 

 
Chart 3a: Reason for not using 
 

 
Chart 3b: Perception of 3D printing 
 



 

 
Chart 3c: Areas of 3D printing 
 

 
Chart 3d: Barriers to 3D printing 

 
Diagram 3a: Effort expectancy by 3D printing adoption 
 



 

 
Chart 3e: Encouragement for 3D printing 
 

1.5 Category “Not using, not considering” to invest in 3D printing (1-250) 
Small Medium Enterprises:  

 
Chart 4a: Reason for not using 3D printing 
 



 

 
Chart 4b: Perception of 3D printing 
 
 
 
 
 
 
 
 
 
 
 
2. Category: Large Enterprises 
 

 
 Diagram 4a: Size of the company 
 



 

 
 
Diagram 4b: Usage of 3D printing among large enterprises 
 
 

2.1 Category “Using” (1-250) Large Enterprises 

 
Chart 4a: Usage of 3D printing 
 



 

 
Chart 4b: Encouragement of 3D printing exploration 
 

 
Chart 4c: Experienced uncertainty and actions to mitigate the uncertainty 
 

 



 

Chart 4d: Barriers in 3D printing adoption 
 

 
Chart 4e: Actions to overcome barriers 

 
Chart 4f: Resources and support available  

 



 

Chart 4g: Pre-investment effort expectancy 
 

 
Diagram 4c: Pre-investment performance expectancy 

 
Chart 4h: Business case calculated 
 



 

 
Diagram 4d: Performance criteria met from operational perspective 
 

 
Diagram 4e: Performance criteria met from business perspective 
 
 

2.2 Category “Not using, maybe considering” (1-250) Large Enterprises 
 
 



 

 
Diagram 2.2:  : Considering to use 3D printing (Large Enterprises) 
 

 
 
Chart 4f: Reasons for not using 3D printing 
 

 
Chart 4g: Perception of 3D printing 

 



 

 
Chart 4h: Imagined areas fr 3D printing use 
 

 
Chart 4i: Imagined barriers of an investment to 3D printing 
 



 

 
Diagram 4f: Effort expectancy of imagined investment  
 

 
Chart 4j: External encouragement for looking into 3D printing 
 
 
 
 
 


