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The goal of this research is explore the 3DP technology adoption of the Finnish companies and 

the impact of the 3DP technology on their businesses. The reason for this research is Finland’s 

high innovation ranking on a global level which triggered the need to explore more in-depth the 

innovation adoption process and its business impact through the 3DPT context. Hereby, this 

research explores different technology adoption models and theoretical concepts that give 

rationale why technological innovations are important to adopt and how they can affect the 

business. In addition the theoretical research explains the values, the challenges and the potential 

impact of the 3DP technology on the business. Hence, for the empirical part of this research, 

eight companies, members of the Finnish Rapid Prototyping Association (FIRPA), were 

purposely chosen for interviewing. The empirical results showed that 3DP technology is mainly 

adopted by the Finnish SMEs which are yet in their early maturity stage. The research showed 

that Finnish SMEs do not systematically integrate the 3DP technology in their operations and 

therefore they don’t recognize significant impact of the 3DP technology on their business 

performance. Although, the findings of this research indicated three main aspects in which 3DP 

technology as an innovation impacts the business: business model transformation, growth 

efficiency and operational efficiency. 
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1 INTRODUCTION 

1.1 Research Background and Topic Relevance 

Innovation has become one of the core elements for business prosperity nowadays as it is a 

concept which can be understood in various contexts (product/process/service innovation, 

technological innovation, business model innovation, organizational innovation etc.). Hereby, 

one can see that innovation is essential not only for the business’ success but is also one of the 

main agents for economic growth on a country level.  

Very often innovation happens in combination with technological changes, whether they are 

continuous or discontinuous. Consequently, any new technological change brings new market 

uncertainties, opportunities for experimentations and also opportunities for new players on the 

market (Sandstrom, 2011). Nevertheless, in the end the entire industry often settles down on the 

most dominant type of technology based on which the competitive landscape is created with less 

uncertainties. However, any technological discontinuities introduce new paths and dominant 

designs that some companies cannot handle and thus experience downfalls.  

In this context, the emergence of new platforms and ecosystems has a great influence on the new 

dominant design formation and also significantly affects the competitive outcome of the 

technological discontinuity. Indeed, the emergence of new platforms and ecosystems not only 

impacts the dominant design and the competitive outcome of the company but also impacts the 

competitive turbulence and the leadership strategy of a company which in the end may affect the 

value creation (Gawer, Cusumano, 2014). 

Therefore, a new product in order to become successful in a dynamic and competitive market is 

important to meet various strict criteria in terms of quality, cost, performance and technology. 

Apart from the latter mentioned criteria, external factors such as market competitiveness and 

technological uncertainty play crucial role for the new product success (Thi, Wong, Lynn and 

Reilly, 2016). Consequently, companies respond to the dynamic changes of the customer needs 

by developing the company’s capabilities and enhancing the existing technologies which lead to 

achieving a competitive advantage.  
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If analyzed globally, a company shows its capabilities in terms of quality, cost/efficiency, 

performance and flexibility for adoption of technological innovations in order to stay competitive 

not only on the national level but also globally (Kristianto et al., 2012). Such examples are the 

Asian countries, particularly South Korea and Taiwan which countries have shown skills of 

successfully mastered technological competencies that helped them to achieve significant results 

and to undertake superior positions in various industries. 

Nevertheless, it is evident that the markets increasingly started switching from mass production 

to market niches’ which in a way is the key to meet the constantly changing customer needs at a 

short time for a low cost yet maintaining a high product quality. Hereby, such flexibility has 

become one of the most important attributes of a company that is competitive on the market. The 

selection of manufacturing technologies has been a subject of great interest for research to many 

scholars because of the rapid evolvement of the manufacturing technology and its evident impact 

on the industry. The recent literature defines the flexibility of a company as the ability of a 

system to quickly adapt to different factor changes such as product, process or machine failures 

i.e. the flexibility is determined by the company’s sensitivity threshold to changes (Kristianto et 

al., 2012). 

Moreover, companies realize the importance of design thinking especially in the new product 

development context as in that way they manage to solve any problems in meeting the 

consumers’ needs. Therefore, companies consider the prototyping as an important practice and 

focal element of the NPD process confirmed by many dominant academics (Bogers, Horst, 

2012). In this context, various studies focus on the importance of rapid prototyping as it allows 

the company to easily gather a feedback from its customers and quickly detect the product 

weaknesses and work on their improvement before going to the market.  

In particular, prototyping can be helpful in testing a product design as it includes numerous 

iterations in which a company improves the product’s efficiency and functionality before its final 

launch. In fact, nowadays, by adopting innovative technologies, prototyping has shifted from the 

traditional techniques to digital ones allowing speeding up the product development cycle 

through rapid prototyping (Thi et al., 2016). In other words, investing in sophisticated 
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prototyping technology can significantly help a company to be able to successfully convert their 

ideas into innovative marketable products.  

In the context of disruptive technology adoption, nowadays digital fabrication technologies get a 

lot of attention since the rapid prototyping concept has become popular practice among the new 

companies, especially SMEs (Sandstrom, 2014). In fact, rapid prototyping is often associated 

with the Additive Manufacturing, also known as 3D printing technology as one of the latest most 

sophisticated technological development used for prototyping but also for manufacturing 

purposes. Companies find the 3D printing as a popular technology for investment because it 

allows them to build prototypes at a short time for a low cost but also enables them to assess the 

potential of the product in technical and commercial context (Thi et al., 2016).  

When talking about Finland, clearly the 3D printing technology and in generally the innovation 

as a concept are not new to the Finnish companies especially if we take into consideration that 

Finland was ranked on the 8
th

 place last year for innovation performance on global level (Global 

Innovation Index, 2017) and was also ranked on the third place among the rest top five 

innovation leaders within the EU: Sweden, Denmark, The Netherlands, United Kingdom and 

Germany (European Commission, 2017). Particularly talking about the Additive Manufacturing 

i.e. the 3D printing, it is a technology of an increased interest among the Finnish companies as 

the country forges ahead with this technology in more fields such as medical, dental and 

manufacturing (Landon, 2014). Indeed, eminent names in the Finnish economy identify the 3D 

printing technology as one of the key technologies among similar automation and robotics that 

drive the growth and success of the Finnish economy through the development of various 

innovative digitalized solutions (Posti, 2016).  

Herewith, as the research background notably refers to Finland’s high ranking in innovation 

performance, there is a need to understand how actually the Finnish companies adopt innovations 

and how actually those innovations affect their businesses especially in the context of 3DP 

technology. In other words, it is interesting to explore the 3DP technology adoption process of 

the Finnish companies and the economic value that this technology gives to them which could be 

of a great help to ultimately understand the actual impact of the 3DP technology adoption on the 

business model. 
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1.2 Research problem and objectives 

Since the scope of the research is narrowed down to the adoption of a single technological 

innovation i.e. the adoption of 3D printing technology (further referred as 3DPT), this research 

will particularly focus on the 3DPT adoption process and its impact on the businesses that have 

adopted it.  

Hence, the main research question of this study is:  “How is 3DP technology adopted by the 

Finnish companies and what impact the adoption has on their businesses?” 

In order to support the main research question, the following sub-questions were formed: 

1. How does Finnish 3DPT adopters plan and execute the adoption process? 

2. What factors influence the 3DPT adoption? 

3. What benefits and challenges the 3DPT gives to the Finnish companies? 

These research sub-questions cover a set of issues that identify in the research gap and represent 

the objectives of this research.  

Pursuant to the research sub-questions, this research has set the following research objectives: 

 To identify the adoption process; 

 To identify the key factors that influence the adoption of 3DPT by the Finnish SMEs; 

 To identify the benefits and challenges of the 3DPT adoption; 

 To identify the adoption level of the Finnish SMEs; 

 To define the adoption impact on the adopters; 

 To identify the gaps between theory and practice; 

 To provide managerial implications & recommendations for future implementation. 

1.3 Preliminary framework and key concept definitions 

The Technology-Organization-Environment (TOE) framework by Tornatzky and Fleischer 

(1990) will be used as a basis for starting up the research process and later building the 

comprehensive framework of this research. The TOE framework will give a give basic 

understanding of technology diffusion and will help to identify the internal i.e. organization-

related factors and the external i.e. environment-related factors that influence the technology 
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adoption decision along with the technology-related factors such as the availability of the 

technology and its characteristics.  Hereby, the adoption process will be analyzed not only from 

technological context but also from organizational and environmental contexts. Simultaneously 

the TOE framework will be used to identify the benefits and challenges of the adopted 

technology. Additional theories and models will be discussed further in the Theoretical Research 

Chapter for building up one comprehensive theoretical framework which will help the researcher 

to cover all aspects in the adoption process of the chosen technological innovation. 

 

Figure 1. TOE framework (Source: Tornatzky, Fleischer, 1990) 

3DPT – 3 dimensional printing technology (also known as additive manufacturing) which is 

used for building product prototypes, product components and finished products by using 

additive methods i.e. building a structure by laying down huge amount of thin layers using 

different types of materials (polymers, metal powder etc.) (Kietzmann et al., 2015) 

Innovation adoption – the process of accepting and using an innovation adapted to the existent 

business operations. 

Perceived usefulness – “the degree to which a person believes that using a particular system 

would enhance his or her job performance” (Davis, 1989) 

Perceived ease of use – “the degree to which a person believes that using a particular system 

would be free of effort” (Davis, 1989) 



6 

 

 

Relative advantage - “the degree to which an innovation is perceived as being better than an 

idea it supersedes” (Rogers, 2003) 

Compatibility – “the degree of innovation consistency with the values, previous experiences and 

needs of the adopters” (Rogers, 2003) 

Complexity - “the degree to which an innovation is perceived as relatively difficult to 

understand and use” (Rogers, 2003) 

Trialability - “the degree to which an innovation may be experimented with on a limited basis.” 

(Rogers, 2003) 

Observability - “the degree to which the results of an innovation are visible to others” (Rogers, 

2003) 

Organizational readiness – “the resource availability in the organization before the innovation 

adoption” (Ramadani, Kawalek, 2009) 

1.4 Research design  

This research has used critical realism which as a research philosophy recognizes our limited 

access to the world being mediated by our own perceptions (Mingers et al., 2013). Due to the 

nature of the research question, this study primarily deals with qualitative data, both primary and 

secondary data. The secondary data was extracted from previous research relevant to the main 

research problem of this study and was used as a basis for analysis of the collected primary data 

later in the empirical research process. Hereby, this research has used an abductive research 

approach, which means that the study has used already existing theories relevant to the main 

research problem and based on them was created a theoretical framework which helped the 

researcher to execute the empirical part of this research. The data collection was done by 

conducting interviews with purposely chosen sample size which was later analyzed. This 

research has an explorative and descriptive nature and is cross-sectional as it was conducted at a 

certain point of time.  
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Figure 2. The Research Onion (Source: Saunders et al., 2009) 

1.5 Delimitations 

This research primarily focuses on the Finnish companies members of the Finnish Rapid 

Prototyping Association as the main sample population because of time and financial constraints 

to execute the research in a larger scale format. Hereby, the FIRPA members were chosen as the 

most compatible representatives that correspond to the objectives of this research.  Another 

delimitation of this research is the focus on 3D Printing technology as a main adopted 

technological innovation. The rationale for this delimitation is the researcher’s personal interest 

in the 3DP technology. This research doesn’t include instruments other than interviews due to 

limited accessibility of the potential respondents and expected average-to-low respond rate. 

 

 

 

Realism 

Abductive approach 

Qualitative research 

Cross-sectional 

Semi-
structured 
interviews 
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1.6 Research structure 

This research consists of six chapters: Introduction, Theoretical Research, Research 

Methodology, Findings, Discussion and Conclusion. The introduction chapter explains the 

relevance of this research including background research and introduces the main research 

problem together with the objectives and goals of the thesis. Furthermore, the introduction 

chapter explains the research methodology and gives brief overview of the framework applied. In 

addition, the introduction chapter explains the delimitations of the research and explains the 

researcher’s choices. The Theoretical Research chapter relates previous research with the main 

research problem and thoroughly explains theories which were basis for categorization and 

analysis of the empirical data later in the research process. The theoretical part includes broad 

research based on different technology adoption models and particularly explains the relevance 

of the 3DP Technology and the benefits and challenges it brings throughout the adoption 

process. 

The Research Methodology chapter initially explains the research design and methodology 

applied for data collection and data analysis. The Research Methodology chapter further explains 

the tools used for data analysis. The next chapter is the Findings chapter which reveals the 

collected data results and presents a summary of them. The Findings chapter is followed by the 

Discussion chapter which is based on the theoretical findings in combination of the empirical 

findings and gives an in-depth discussion of how 3DPT is adopted by the Finnish companies and 

how that has impacted their businesses. Ultimately, the last chapter of this research is the 

Conclusion which summarizes the achievements of the research and gives critical view on the 

entire research supported by recognition of the research limitations, its managerial implications 

and gives recommendations for further research.  
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Figure 3. Research Structure (Source: Author, 2018) 
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2 THEORETICAL RESEARCH  

The following chapter gives an overview of the market dynamics and the importance of adoption 

technological innovations. Furthermore, this chapter discusses the innovation-adoption and 

implementation process explained through different theories and models. The chapter gives 

thorough explanation of the 3DP technology and the benefits and challenges that come out of the 

adoption of this technology. Ultimately, this chapter gives an understanding on the importance of 

3DP Technology and the impact it has on the adopters. 

2.1 Technology adoption process 

Evidently, there are various models and theories which explain the adoption and implementation 

process of a new technology in the company’s operational activities. First companies need to 

establish an initiative for adoption of this technology (Halmes, Pierreu, 2014). Similarly to 

Halmes and Pierreu (2014), Roger’s Innovation-Decision Process explains that organizations go 

through phase of getting-to-know the innovation first after which they form an attitude toward 

that innovation followed by a decision to adopt or reject the innovation. Consequently, if the 

decision is favorable for the innovation the adopter implements it and ultimately confirms i.e. 

evaluates the made decision (Rogers, 2003). In essence, this is a process which heavily depends 

on the behavior of the adopter and its ability to deal with the uncertainties that come out 

throughout the decision process. Nevertheless, in order to truly capitalize on a new technology, 

adopters need to successfully align several elements crucial for the system’s success. Those 

elements are strategy and operations, human capital and technology advisory (Halmes, Pierreu, 

2014). Additionally, the literature explains the life-cycle of technology adoption and its 

implementation scrutinized in three consecutive phases which lead toward successful adoption of 

a certain technological innovation. According to Voss (1988), the implementation process of a 

new technology consists of three phases: 

1. Pre-installation (planning and justification) 

2. Installation and commissioning (acquisition, installation and start-up) 

3. Post-commissioning (monitoring and evaluation) 
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All three phases involve interdependent modules which are crucial for the final adoption result.  

According to Small and Yasin (2002), the adoption process starts with recognition of the national 

and global business environment. Companies recognize the need to adopt a certain technology 

when they actually acknowledge their manufacturing processes as inadequate to meet the current 

market standards and being unable to meet the future competitive changes of the business 

environment (Small, Yasin, 2002).  Therefore, companies become aware of the existence of a 

certain innovation that could help them meet the market demands and consequently gain basic 

understanding of how it functions.  

In this context, Rogers (2003) argues that adopters gain awareness-knowledge of a particular 

innovation through their self-initiated behavior rather than being passively exposed to the 

innovation. Pursuant to Rogers’ position, other scholars identify as well this self-initiated 

behavior as a selective exposure and define it as behavior in which the potential innovation 

adopters expose themselves to relevant innovation messages that refer to their interests, needs 

and attitudes. Nevertheless, other researchers argue on the knowledge stage confronting the latter 

one on the random nature of the identified innovation. Their perspective is that adopters very 

often become aware of an innovation by accident rather than actively seeking it (Rogers, 2003). 

Hereby, it is difficult to identify whether innovation adopters become aware of a particular 

innovation by being randomly and passively exposed to it or by actively seeking information that 

leads to selective exposure to that innovation.  

In essence, the need to establish an initiative for adoption of a particular technological innovation 

is an important step because it is the actual stage gate where the potential adopter analyzes the 

impact of a particular disruptive technological innovation on the company and on the industry as 

a whole (Halmes, Pierreu, 2014). In particular, that is a process that consist of a set of activities 

for seeking and processing information in order to reduce the uncertainty of the benefits and 

challenges that come along the adopted innovation. Therefore, innovation adopters selectively 

expose themselves to information that leads to awareness-knowledge of an innovation as one 

cannot be aware of something if hasn’t encountered it before. On the other hand, it is widely 

accepted in the literature that new ideas create needs which individuals or organizations become 

recognize and consequently become aware of the existence of a particular innovation (Rogers, 

2003). 
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The second module of the adoption process is the strategic response to the need to meet the 

competitive demands. Companies which adopt a certain advanced technology respond to the 

market demands with attentive planning for the actual technology adoption. In other words, 

when an adoption of a certain technology is seen as plausible within a company, then the 

implementation is presumably successful if the decision of the technology acquisition is based on 

strategic contemplation. Crucial predecessor for successful technology adoption is a systematic 

integrative planning approach which converts the opportunities into advantages (Small, Yasin, 

2002). In essence, that is a long-term business plan which includes a detailed view of all 

marketing, technology, manufacturing and other business-related issues and provides vision for 

the company’s business objectives and a direction toward meeting those goals and objectives.   

In this context, the third module is clarification of the organizational goals and establishment of 

performance measures during the planning phase. Primarily the adoption of a certain technology 

is judged from different angles by different organizational units in order to measure whether that 

technology meets the company goals (Small, Yasin, 2002). For that purpose companies identify 

what benefits are expected to receive from that particular adoption and those same benefits are 

simultaneously used as a measure for business, marketing and technological performance during 

the planning and justification phase.  

Furthermore, the pre-installation phase continues with the fourth module which consists of 

justification activities. Particularly this is a stage which involves investment justifications for the 

planned technology adoption. This justification takes in consideration the costs of the operational 

and infrastructural changes in combination with the operational and strategic benefits required 

for implementation of a new technology. Therefore, investment justification is done only when 

the company expected benefits are identified in combination with different technology 

alternatives considering the necessary infrastructural adjustments required for successful 

implementation of a particular technology (Small, Yasin, 2002). 

The company needs to make an investment planning through feasibility plan i.e. to identify the 

particular software and hardware needed for using such systems and to determine its cost 

feasibility based on the company’s size and financial capabilities (Halmes, Pierreu, 2014). 

Similarly, Rogers (2003) identifies this stage as a persuasion stage where the potential adopters 

form an attitude which is favorable or unfavorable toward the innovation. In this reference, 
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potential innovation adopters apply affective thinking where they get psychologically involved in 

the innovation and seek more information about it. In this stage, the potential innovation adopter 

seeks innovation-evaluation information which could eventually reduce the uncertainty about the 

consequences of the innovation (Rogers, 2003). In essence, this is more mental activity as the 

potential innovation adopters seek for evaluation information from already existent adopters in 

which they can evaluate the advantages and disadvantages of the innovation.  

The installation stage starts when the actual decisions are implemented. The installation phase 

continues with network creation. Companies have to understand who would be important players 

in the market for partnering and ensuring successful work. Apart from operational partners such 

as material providers, machine manufacturers and similar service providers, the companies have 

to define all other important stakeholders in the new potential value chain. In this regard, 

important stakeholders such as private organizations, non-profit organizations and similar 

institutions from the public sector which can provide grants and similar financial support for 

adoption of this technology need to be identified (Halmes, Pierreu, 2014). Similarly, Rogers 

(2003) refers to the installation stage as a set of activities which put the innovation in practice as 

until this stage all previous activities are mental. The activities involved in the installation stage 

uncover information of the source where innovation can be acquired as well as information of 

how to use the innovation and what potential problems could arise during the usage (Rogers, 

2003). 

Moreover, the installation stage involves certain structural changes in order to meet the 

previously clarified organizational goals (Small, Yasin, 2002). In this context, Halmes and 

Pierreu (2014) also point out on the need for organizational structure changes in order to 

efficiently leverage the capabilities of the adopted technology. They mainly associate this step 

with an analysis of the employees’ skills necessary for successful running of the adopted 

technology as well as analysis of the need to create new job positions or even create whole 

separate business units responsible for the managing the new system in order to bring value to 

the organization (Halmes, Pierreu, 2014).  

However, not only structural changes are necessary for the adoption of a certain technology but 

also infrastructural adjustments are crucial for successful support of the technology adoption. 

Therefore, companies are strongly cautioned on such potential risks as any premature adoption 
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decisions can lead to high investment costs with failure results. In that regards, any applicable 

adjustments in the management practices are prerequisite for adoption of advanced technology 

(Small, Yasin, 2002). 

Eventually, once the technological innovation is implemented, companies start using it. Yet, this 

stage of the adoption process includes very important questions for which a company-adopter 

has to find answers before even adopting it. Adopters have to understand how their innovations 

will be introduced to the market and whether there is an existing market or they need to create 

one for the particular type of innovation (Halmes, Pierreu, 2014). In this context, determining the 

target market is essential for the company before actually adopting this technology. In fact, 

regardless of the technology used, companies in generally have to know well their target market 

and to understand the possible ways of introducing their products to their target market. It is very 

important to understand what technologies will be used if there is an increased need/ demand for 

scaling up the production of the demanded product (Halmes, Pierreu, 2014) 

Finally, the post- commissioning phase involves activities for performance evaluation and 

monitoring of the adopted technology. In essence the established measures are more related to 

the technical performance rather than to the strategic one as in practice it is difficult to set a 

criteria measure which will detect the performance results of a system on a strategic level (Small, 

Yasin, 2002). Nevertheless, certain scholars identify the usage of suitable proxies and utilization 

of sensitivity analysis for measuring the strategic objectives of a company in terms of quality and 

flexibility of the implemented technology. Similarly, before the innovation commissioning, 

adopters should go through confirmation phase where they can seek for evidence information 

that will strengthen the already made innovation decision. Throughout the confirmation stage the 

adopter’s behavior tends to eliminate any dissonance indicators and potentially to reduce them if 

such exist (Rogers. 2003).    

2.2 Factors for technology adoption 

There is a wide research on the factors that influence the technology adoption process. Recent 

studies hold a perspective that there are two main factors that influence the decision of the 

companies to adopt a technological innovation: 1) the possibility to use different technologies 

simultaneously and 2) the company size. The use of multiple technologies appears to be an 
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important factor for adoption of this technology as it enables the companies to produce product 

components with similar or even same design quality and strength as if produced with traditional 

manufacturing. Other important factor for adoption of innovative technologies is the size of the 

company for which the research shows that small to medium size companies are more likely to 

adopt technological innovations for different purposes (Kianian et al., 2016). Other studies 

identify set of individual, technological, organizational and environmental factors that influence 

the adoption of a technological innovation (Ahmi et al., 2014).   

2.2.1 Technology Acceptance Model (TAM) 

 

Figure 4. Final version of Technology Acceptance Model (Source: Davis & Venkatesh, 1996) 

The TAM became a subject of interest since the 1970’s era when the technology development 

was rapidly growing and scientists were interested to predict the adoption by the organizations of 

a particular technological system. For that reason, the most simplistic form of the TAM was the 

conceptual model for technology acceptance by Davis who explained the model in three 

consecutive elements i.e. 1) Stimulus – The systems features and capabilities; 2) Organism – the 

user’s motivation to use this particular system; 3) Response – actual system use (Davis, 1989).  

However, this simplistic model didn’t really dig into the actual triggers i.e. factors that motivate 

organizations to adopt a certain system technology which in fact led to expansion of the TAM. 

The expanded version of the TA model explained the user motivation affected by three main 

factors: 1) Perceived Ease of Use; 2) Perceived Usefulness and 3) Attitude toward Using a 

system out of which the third factor was found to be the most determinant whether an 

organization will adopt or reject a certain system (Davis, 1989). Yet, the attitude toward using a 
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system was found to be directly influenced by the first two factors i.e. perceived ease of use and 

perceived usefulness of the system which on the other hand were directly influenced by the 

system’s design characteristics.  

Consequently, as the TAM has evolved, there have been conducted many studies on the 

perceived ease of use and perceived system usefulness out of which Tornatzky and Klein (1982) 

meta-analysis had shown a serious correlation between the characteristics of the innovation and 

its adoption. More precisely, the complexity of the innovation/technology adopted is the most 

prominent factor influencing the relationship of the innovation type and its adoption. 

Additionally, confirmed by Bandura, the perceived ease of use and perceived system usefulness 

predict a behavior in a way of self-efficacy and outcome-judgments (Chuttur, 2009).  

Self-efficacy associated with the perceived ease of use was defined as judgment of how well one 

can perform an action in order to deal with a result situation. On the other hand, outcome-

judgment has been associated with system usefulness defined as the extent to which a 

successfully performed behavior is believed to be related to the expected valued outcome.  

Similarly Swanson explains the perceived ease of use and perceived system usefulness as an 

information quality and associated cost of access. Finally, Davis concludes that people choose to 

adopt or to reject a system depending on the extent to which that system would help them 

perform their job in a better way and also depending on their beliefs that the efforts required 

using /adopting a particular system would directly affect a system usage behavior (Davis, 1989). 

However, this model has its own limitations regardless of the numerous different studies and 

research done on it. Among the most controversial limitation is the application of the TAM only 

for prediction of voluntary adoption of system technologies and the mandatory one is almost but 

opted while having numerous instances of organizations that require its employees to use/adopt a 

certain system without leaving them any other alternative choice. Also, lots of discussions has 

been brought up on whether the perceived ease of use and the perceived system usefulness are 

absolute factors that influence the adoption behavior or some other factors such as the external 

ones influence the adoption behavior as well. Further discussions and studies discovered that 

apart from the perceived ease of use and the perceived system usefulness there are external 

factors such as experience in similar system usage, technological knowledge and related 
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education, as well as user’s age can directly affect the adoption of a certain system technology 

(Chuttur, 2009). 

In other words, the TAM model shows that the final adoption behavior is dependent on the 

perceived usefulness of the technology by the adopter and the perceived ease of use of the 

particular technology. These two factors are decisive and construct the behavioral intention of 

the adopter which results in technology acceptance or rejection. Nevertheless, apart from the 

perceived ease of use and perceived usefulness of the technology to be adopted, the TAM 

identifies an influence of some external factors such as: system characteristics, user training, and 

user participation in design and implementation process on the final decision of the adopter for 

accepting a particular technology.  

2.2.2 Roger’s Diffusion of Innovation Theory 

Rogers’ Diffusion of Innovation theory is fundamental for understanding the technological 

factors that influence the innovation adoption decision. Therefrom, Rogers considers the roles of 

the innovation attributes very important in the decision process of a certain technology adoption. 

According to Rogers (2003) there are five crucial characteristics of innovations that must be 

taken in consideration when analyzing a certain system adoption. Those five characteristics are: 

1) relative advantage; 2) compatibility; 3) complexity; 4) trialability and 5) observability.  

 

Figure 5. Diffusion of Innovations (Source: Rogers, 2003) 
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 Rogers explains the relative advantage as “the degree to which an innovation is perceived as 

being better than an idea it supersedes.” Quite often the value of the relative advantage is often 

expressed through profitability terms. Nevertheless, the nature of the innovation has a decisive 

impact on the type of relative advantage the adopters get, whether that will be expressed in 

economic, social or some other form.  Yet the characteristics of the adopters also have strong 

influence on the relative advantage importance (Rogers, 2003). For instance, nowadays almost 

every second product introduces some technological improvements which express the advantage 

of reduced production costs that consequently reflects in the product’s final price. That is often 

defined in the literature as “learning-by-doing” when the product price significantly drops during 

the diffusion process and thus expectedly the rate of adoption increases. In other words, the 

innovation-diffusion is a process characterized with uncertainty-reduction (Rogers, 2003).  

Therefore, the adopters of an innovative technology are motivated to look for information that 

will decrease the uncertainty of the innovation’s relative advantage. In simple words, if a 

technological innovation brings relative advantage to the company then it is more likely to be 

adopted. (Ramdani, Kawalek, 2009) Consequently, the subcategories of the relative advantage 

mainly refer to the economic profitability, cuts in initial costs, cuts in lead time and rewards. 

However, the rewards subcategory explains why preventive innovations (e.g. new technologies 

that are adopted with the purpose to avoid some uncertain event in the future) have very low rate 

of adoption. (Rogers, 2003) 

The second attribute of the innovation is its compatibility. Researchers often refer to 

compatibility as the degree of innovation consistency with the values, previous experiences and 

needs of the adopters. In that context, the ideas that are more compatible are more likely to be 

adopted. However, that also means that an idea can be either compatible or incompatible with the 

values, previous ideas and client’s needs in the innovation context. A technological innovation is 

perceived as compatible when it is deeply related with some preceding ideas which in fact speed 

up the adoption rate (Oliveira, Martins, 2011). In that case, the preceding technologies act like 

tools for assessing the new ones as the adopter easily accepts the new ideas on the basis of the 

previous ideas that he/she is already familiar with.  
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On the other hand, the researchers argue that if a technological innovation is totally compatible 

with the preceding ones then it cannot be perceived as an innovation by the adopters as it doesn’t 

represent any significant change. The same reaction can be triggered if a technological 

innovation is incompatible with the consumer’s belief, previous ideas and needs as in this case 

that will produce a negative experience with the innovation which can later affect the adoption of 

some future innovations. (Rogers, 2003) However, the adoption of technological innovation 

brings also changes in the work practices of the company which sometimes can result in resistant 

reactions. (Ramdani, Kawalek, 2009)Therefore, it is very important, particularly for the SMEs to 

make sure that the changes of the technology adoption are compatible enough with their 

infrastructure, values and needs.  

Rogers (2003) recognize the compatibility of the innovation as the degree to which the idea 

meets the needs realized by the consumers. Nevertheless, consumers not always necessarily 

recognize their needs associated with a certain innovation. Therefore, companies seek to generate 

needs to the level where the consumers will positively perceive those new generated needs. The 

opinions on the compatibility factor on the innovation adoption are divided. Some of the 

researchers consider this attribute as relatively irrelevant while other positively correlate the 

influence of the compatibility as an innovation attribute and factor-influence on an innovation 

adoption. In the same context, the positioning of an innovation plays an important role in the 

compatibility of the idea as in that way the idea finds its niche field based on the adopters’ 

perceptions which are related to the previous ideas and to the characteristics of the new idea. 

(Rogers, 2003) 

The third attribute of the innovation is complexity. According to Rogers (2003) complexity is: 

“the degree to which an innovation is perceived as relatively difficult to understand and 

use”.(Rogers, 2003, p.230) In that context, the complexity of technology increases the 

uncertainty level of the innovation implementation success. Thus, consequently the risk of 

adoption is higher (Ramdani, Kawalek, 2009). In technological context this factor i.e. innovation 

attribute is found to have negative impact on determining a certain technological adoption, 

especially in the context of SMEs.  

The fourth attribute of the innovation is its trialability. According to Rogers (2003) trialability is: 

“the degree to which an innovation may be experimented with on a limited basis.” (Rogers, 
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2003, p.230) Hereby, technological innovations are more likely to be adopted if they have a high 

level of trialability as that gives them an opportunity to experiment with the technology before its 

adoption (Ramdani, Kawalek, 2009). In other words, new ideas get rapidly adopted if they can 

be easily divided for trial activities.  

The early adopters are more likely to perceive the importance of trialibiltiy rather than the late 

adopters, especially compared to the laggards that move from the trial phase to the final use of 

the innovation. Indeed, the early adopters are perceived as more innovative because they have no 

one to follow, while the late adopters follow those (Rogers, 2003). 

The fifth innovation attribute is the observability. According to Rogers (2003) observability is: 

“the degree to which the results of an innovation are visible to others.” (Rogers, 2003, p.232) 

While some innovations are easy to observe and describe others are difficult in this sense. In the 

context of the SMEs, the greater is the observability of the technological innovation in a certain 

industry, the more likely is the adoption of that innovation by the SMEs of the same industry 

(Ramdani, Kawalek, 2009). 

The latter innovation attributes were discussed from a technological context as factors that 

influence the adoption of an innovation. However, the factors that influence the innovation 

adoption should be analyzed also from organizational and environmental context. It seems that 

the organizational readiness is also a very important factor that influences the innovation 

adoption. Organizational readiness is the resource availability in the organization before the 

innovation adoption. The two most common sub-factors that categorize the influence of the 

organizational readiness on the innovation adoption in the SMEs are the costs and the 

employee’s technical knowledge. In others words, the innovation adoption highly depends on the 

factors whether the company is ready to adopt the innovation by having technologically educated 

personnel and enough capital to invest in it. In terms of technological adoption, the technologies 

that already exist in the companies may negatively affect the adoption of new technology 

(Ramdani, Kawalek, 2009).  

Apart from the organizational readiness, the size of the organization i.e. the company size plays 

also big role in the innovation adoption. In terms of technological adoption, the company size is 

not considered as a great factor but still the larger companies are considered as more resistant to 
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the risks of innovation adoption as they dispose with many resources, skills and business 

experience in comparison with the SMEs (Ramdani, Kawalek, 2009).  

2.2.3 Technology-Organization-Environment Framework (TOE) 

The Technology-Organization-Environment framework by Tornatzky and Fleischer (1990) has a 

solid theoretical background as it is consistent with Roger’s DOI theory and explains the factors 

that influence the adoption of a technology from three key contexts: technology, organization 

and environment (Ahmi et al. 2014). In other words, TOE framework identifies three key 

categories of factors that influence the adoption process of a technological innovation.  

 

Figure 6. TOE framework (Source: Tornatzky, Fleischer, 1990) 

The technological context relates to the characteristics of the available technologies for adoption 

by the organization and the current technological maturity level of that organization. Therefore, 

the latter mentioned variables from the Roger’s DOI theory are considered as a basis for the 

technological context of the TOE framework (Angeles, 2014). In addition the availability of the 

technological innovation, there are other factors that influence the technology adoption process. 

The benefits of the technology evident from the outcomes of already existent adopters play 

important role on the adoption decision as it influences the adopter’s perception on how useful is 

that technological innovation for the organization (Tsetse et al., 2014). Here the technological 

compatibility plays also important role as the adopter evaluates the extent to which the 
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technology will be compatible with the strategic goals and organizational values. Finally, 

flexibility of the technology and its complexity influence the perception of the adopter of the 

extent to which the technological innovation is easy to deploy (Ahmi et al, 2014). In essence, the 

technological context of the TOE framework is based not only on Roger’s DOI theory but also 

on the TAM as the adoption decision is affected by the perceived usefulness and perceived ease 

of use of the adopted technological innovation.  

Yet, the TOE framework analyzes the influence of a set of internal and external factors on the 

technology innovation adoption process. More precisely, the TOE framework analyzes the 

internal influence on the technology adoption process from an organizational context. The 

organizational context defines the impact of the managerial behavior and the impact of the 

internal formal and informal communications on the overall company attitude toward the 

adoption of a certain technological innovation (Tsetse et al., 2014). The top management is the 

one who can initiate and coordinate the communication and planning steps for technology 

adoption process within the company. Top managers are seen as driving energy for 

organizational changes as they can communicate the company’s strategy, core values and 

importance of the technology for meeting the corporate strategy. Furthermore, top managers are 

the ones who are able to recognize and communicate the value of a technological innovation 

inside the company but also outside of it. In other words, the top management plays crucial role 

in encouragement of technology adoption. Hereby, organizational support positively influences 

the company’s decision for adoption of a technology (Ahmi et al, 2014).  

Furthermore, the top management is the one who creates teams for planning and envisioning the 

relevance of an innovation (Angeles, 2014). Hereby, the organizational structure and the quality 

of the human resources available at the company play crucial role for the success of the 

technology adoption process. In other words, the organizational readiness of the company goes 

along with certain organizational structure changes and eventual employment of qualified human 

resources for successful deployment of the adopted technological innovation. Therefore, it is also 

important to have relevant previous technological experience so that big structural changes 

wouldn’t be necessary. In addition to the above mentioned internal factors, the company size 

plays also an important role in the technology adoption process. According to Ahmi et all. 

(2014), the organizational size affects the success of the technology adoption process. In this 
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context, large organizations are considered as more able to adopt a new technology than small 

sized companies due to their free disposable capital and available human resources necessary for 

the adoption process (Ahmi et al., 2014). The organizational size variable is quite contradictory 

as different studies identify the small sized companies as more flexible in the technology 

adoption process due while other theories like the TOE identify the large sized companies as 

more capable of adopting an innovative technology. 

Finally, the TOE framework identifies a set of external factors that influence the new technology 

adoption process. Those external factors are analyzed from an environment context which is 

identified as a set of various stakeholders that surround the company and each one affects the 

technology adoption process (Angeles, 2014). In the environment context, the industry in which 

the company adopter belongs, the competitors, market scope and external support and 

government regulations have quite big influence on the technology adoption process (Tsetse et 

al., 2014).  

The industry in which a company operates determines the need of a particular technological 

innovation and consequently influences the ability to gain the necessary resources that lead 

toward achievement of that technological innovation and its actual deployment (Rebeca 

Angeles). In other words, the industry can either support or challenge the adoption of a 

technological innovation if any of these aspects appear unfavorable for the adopter. Similarly to 

this, the market scope determines the need for adoption of a particular technological innovation. 

As markets are changing constantly and lately even switch from mass to niche markets, the 

competitive conditions fluctuate but at the same time enforce companies to adopt various types 

of innovations (Angeles, 2014). Finally, the external support and government regulations can be 

quite influential on the adoption process in a way that if the first one motivates companies to 

adopt technological innovation by offering them technical knowledge support and/or financial 

support, the latter one may constrain the adoption process by increasing the costs and imposing 

new policies and guidelines that must be met (Ahmi et al, 2014).  
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2.3 Innovation adoption level 

The adoption can be defined as a result of the adopter’s interaction through the interpersonal 

networks. If classified, there are several categories of innovation adopters based on the when 

they adopted the innovation idea. Very often the adopters’ categories are associated with the 

innovativeness of the adopters. In the scientific literature innovativeness is defined as the degree 

to which the adopter is relatively early in the adopting the new idea compared to the others from 

the same system (e.g. company that first adopts 3D printing as a prototyping method from the 

dental industry sector). In order to determine the adopters’ categories one faces problems like 

1)determining the number of adopters within one category; 2)number of adopters that belong to 

the same system i.e. industry; 3)choosing the method for determining the adopter categories. 

However, the innovativeness of the adopters is the key characteristic that determines the 

adopters’ categories (Rogers, 2003).  

Consequently there are five categories of innovation adopters: 1) innovators 2) early adopters; 3) 

early majority; 4) late majority and 5) laggards. The first category of innovation adopters is the 

“innovators” – a type of adopters that are passionate and obsessed with new ideas. Therefore, 

their interpersonal communications are quite spread and active as they are always in search of 

some new ideas. One of the key characteristics and perhaps a prerequisite to become an 

innovator is to have enough financial resources to successfully understand the technical part of 

the innovation but also to bear with the potential loss in case of innovation failure. This category 

of adopters faces a lot of uncertainties related to the adopted innovation. However, challenges 

and facing risks are common characteristics of this adopter category. Nevertheless, the 

innovators play quite important role in the diffusion process as they sort of have a function of a 

gatekeeper in the innovation flow within a common system (Rogers, 2003).  

The next adopter’s category is the “early adopters”. This category of innovation adopters is an 

integrated part of system and they act to the degree of leaders within that system. However, this 

category of adopters often looks for advice and additional information from the innovators. This 

category also often is needed for making the diffusion process faster. In other words, the early 

adopters are considered as role models within the system and therefore they are respected by the 



25 

 

 

others. Therefore the main function of the early adopters is to reduce the uncertainty factor and 

persuade others to adopt the idea too (Rogers, 2003).  

The third category of innovation adopters is the “early majority”. This category consists of 

potential adopters that interact quite often with similar adopters and their position between the 

early adopters and the late adopters plays a very important role in the diffusion process as this 

category provides the interconnection of the whole system. The early majority make very 

carefully their innovation-related decisions before completely adopting the innovation idea. In 

that sense it takes longer for this category to adopt an idea than it would usually take for the 

innovators and the early adopters (Rogers, 2003).  

The fourth category is the “late majority” and they adopt the ideas after everyone else has 

already done it. In this category the adoption can be explained either as an economic need or as a 

result from industry pressure. However, the late majority doesn’t adopt the ideas till the moment 

when most will do it. Here for this category the system norms play also key factor for the late 

majority to make a decision. Their decisions can be explained as recognized needs but until 

someone else has first adopted the idea they won’t do it. This category of adopters disposes with 

relatively scarce resources which mean that they play safe when they adopt an idea. The late 

majority eliminates all uncertainty risks before they adopt an idea (Rogers, 2003).  

The fifth adopter category is the “laggards”. This category consists of potential adopters that 

have no strong opinion about decision making as they are the most isolated in the system. 

Therefore, following the traditional values, looking back in the past who has done what they also 

make same decisions. In others words the laggards adopt innovations that have already are 

considered as past and superseded by already new ideas that most often the innovators have 

introduced. Their decision process is very slow and thus they lag awareness and knowledge of 

any new ideas (Rogers, 2003).  

2.4 3D Printing technology  

3D printing technology is a relatively new invention if we take in consideration the time this 

technology started experiencing popularity. However, the actual invention was introduced long 

time ago, 1983 by an engineer Charles Hull who in fact invented this technology due to personal 
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frustrations from the long wait time and big expenses of making product molds. The 3D printing 

technology is also known to the science as Stereolithography which succeed to overcome the 

problems that Hull was facing with the molding parts and indeed in time it has become popular 

among the manufacturers for rapid prototyping (Kietzmann et al., 2015).  

The process on which is based the 3D printing technology significantly differs from the 

conventional production processes. Unlike the traditional technology which is based on 

subtractive building method, the 3DP technology is based on a method that builds the prototype 

from the bottom up. In simple words the 3D printer can be defined as a computer controlled 

process machine that uses hot glue for bonding together very precisely calculated and measured 

elements of a prototype by adding numerous layers on each other.  

Nevertheless, very often the term printing makes confusions in understanding the basics of the 

3D printing process. In essence, the 3D printer uses input materials or so-called filaments for 

printing different kinds of products. The input materials in the 3D printers can be PLA plastic, 

BS, polymers, epoxy resin, nylon, wax, powders, oils but also various kinds of nutrients such as 

titanium, sterling silver, stainless steel, leather, sandstone and even materials that can imitate 

human cells. The printing process is divided in three main stages that are interrelated and 

sequential giving the user various alternatives. Those three stages are: design, printing and post 

production (Kietzmann et al., 2015).  

2.4.1 3D Printing benefits 

3DP technology yields a lot of benefits if the capabilities of this technology are properly utilized, 

whether that is for prototyping or for manufacturing purposes. Nowadays the use of 3D printers 

for production of prototypes is a common practice for many companies and industries as this 

method replaces the conventional technologies far efficiently in many aspects. The availability of 

the different types of filaments for the 3D printing makes it possible for the companies to have a 

so-called flexible manufacturing system. 3D printing enables companies to manufacture directly 

only by having 3D models of the product design that can be controlled and manipulated by a 

computer program without any necessary molds or some other additional tools. Thus, 3D 

printing is a flexible manufacturing technology for producing prototypes which apart from the 
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flexibility in terms of filaments (raw material) and the 3D printer itself, it is necessary to have 

virtual 3D design of the prototype in a computer format. In this sense, the level of 

individualization possibilities offered by 3D printing technology is quite high as there are no 

setup or change-over costs since only a new CAD file is needed to be used in the computer 

program in order to produce a different or customized product (Weller et al., 2015).  

As 3D printing technology enables convenient and fairly fast rapid prototyping, many 

companies, especially the SMEs, adopt this technology for producing product prototypes in a 

short time for quick testing and improving on-time the parts that need to be improved. In this 

way, not only the production process is improved but it also enhances the creativity of the 

companies in the development of their product. Moreover, with the adoption of the 3D printing 

technology companies not only prototype rapidly but also significantly cut on costs that with the 

conventional prototyping methods are unavoidable (Kietzmann et al., 2015). Moreover, if 

compared to the conventional manufacturing technologies, 3D printing has the ability to resolve 

the “scale-scope” dilemma from the cost aspect since there are no cost penalties related to the 

level of product change. Coupled with that, the lead times with 3D printing system can be 

significantly reduced while different product variations can be simultaneously produced without 

additional switching costs and time (Weller et al., 2015).  

Apart from time and cut on costs, the 3D printing offers various other advantages for the 

companies-users of this technology. By using 3D printing technology companies can save on 

space and cost in their inventory management as they can replicate on-demand stock when 

necessary. In this sense, 3D printing has the advantage from an inventory management 

perspective and is one of the main factors that companies choose to adopt this method (Müller, 

Karevska, 2016, pg.45). Other great advantage of using 3D printing technology can be seen from 

the supply chain perspective. Companies now can manage with the product warranties, repairs 

and upgrades by offering to the clients a downloadable 3D printing design of the parts needed for 

repair. However, the industry hasn’t gone yet this far as that can seriously harm the business 

prosperity of the parts suppliers but on the other side it can mean a totally new business model 

for the parts manufacturers who can act like service providers (Kietzmann et al., 2015).  
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Localized production is one of the main advantages of AM as that gives to the company an 

opportunity to develop a business model based on contract manufacturing by using local 3DP in-

house technologies. In other words, since 3D manufacturing carries relatively low costs, mainly 

just for the machine and the materials used, if producing economically small quantities of 

products then the production can take place even at the point of consumption (Müller, Karevska, 

2016). Consequently, 3DP affects the many industries in different ways among which the 

logistics sector is under highest risk for disruption. In other words, the shift of the production 

location closer to the point of consumption will substantially decrease the high transportation 

costs and the delivery times of the products and the raw materials within the supply chain. 

 Such impact of this technology is already acknowledged by the logistic companies and therefore 

they consider possible adjusting of their business models. In addition, a recent research shows 

that there are already some logistics companies that already apply 3DP technology and a small 

fraction of considering starting applying it in their business operations. The research shows that 

the companies which are not considering applying 3DP technology in their operations is mainly 

due to their lack of information about the potential advantages this technology offers to the 

business (Müller, Karevska, 2016). It also means that the production in the third-world low wage 

countries won’t be necessary anymore as companies can produce for the same low costs closer to 

the consumption point without carrying any transportation and logistics costs. That being said, 

along with these advantages, there is a possibility for many new services to appear as in this case 

the market barriers are relatively low (Müller, Karevska, 2016).  

The advantages of using 3D printing technology as a system for producing prototypes go far 

beyond the flexibility of this technology. Apart from the possibilities for product customization, 

this system has advantages in terms of design complexity. A recent research shows that one of 

the main advantages of 3DP is the complex design capability that in a way increases the 

manufacturing efficiency and in a short time brings the products to market. (Stratasys, 2016) 

Undoubtedly, 3D printing can be seen as a facilitator of the innovation as it enables relatively 

cheap design iterations that can be produced quite rapidly. Regarding the product design, 3D 

printing makes it possible to produce any type of product design optimized according to the 

intended product functions and not being restricted by the manufacturing technologies or other 

obstacles from the supply chain. In fact the product customization enabled by 3D printing helps 
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companies to easily meet their customers’ needs. Therefore their customers are ready to pay 

more for the perceived higher value of the product customization. Moreover, 3D printing enables 

not only companies to express their creativity in the product design but also enables the 

company’s customers to participate in the co-design process in order to fully satisfy their 

demands (Weller et al., 2015).  

Furthermore, 3D printing technology has an environmental advantage i.e. 3D manufacturing 

system reduces the ecological footprint as it enables the manufacturing process to happen closer 

to the point of consumption of the product rather than using physical distribution channels. In 

other words 3D printing can significantly contribute to the reduce of the environmental pollution 

by not creating waste during the manufacturing process  as the objects produced by 3D printer 

can be reused as filaments for printing other objects (Kietzmann et al., 2015).  

2.4.2 3D Printing challenges 

Although, 3D printing technology offers many benefits for its adopters, this technology also 

brings many challenges especially related to rapid prototyping, rapid manufacturing, mass 

production and customization. The challenges of 3DP adoption are mainly operational and 

technological, as often the companies have to retrain their employees in order to be able to use 

properly the 3D printers. The technological challenges were mainly visible at the early adopters 

as they were exposed to bigger uncertainty regarding the use of this 3D printing technology and 

also challenged by the scarce availability of 3D printing equipment. In fact, companies, 

especially the early adopters, quite often invest in wrong technology while the case with the late 

adopters is different as now wide choices of 3D printers and raw materials are available on the 

market which makes it much easier for them to adopt the whole system but with less risk 

(Sandstrom, 2014).  

Researchers also emphasize the limitations of this technology. 3D printing technology is 

relatively cheap method for producing product prototypes or small batches of economic-sized 

products. However, in order to offer high-quality end-use products companies need to use 

reliable 3DP production systems which cost is relatively high. Not only the cost of the system 

itself is high but also the operational costs are quite high when it comes to mass production. 3DP 
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technology incurs high production costs mainly due to the high material costs and energy 

consumption. This creates some sort of imbalance between price and quality because when 

companies meet the complex design and high quality customer expectations by using 3D printing 

technology, price-wise the customer expectations are almost but impossible to meet (Müller, 

Karevska, 2016).Therefore, majority of the adopters are companies offering products with 

complex design at low prices yet with lower quality standards. 

Another limitation of this technology is the production/manufacturing speed which if compared 

to the conventional production technology is lower. In this context, despite the ability to exploit 

the advantage of product variety production that 3D printers offer to the companies, this method 

doesn’t offer economies of scale in cases where the production volume increases as the cost of 

producing large volumes for certain products can be very high.(Halmes, Pierreu, 2014). In other 

words, the mass production of standardized products is limited with the 3D printing technology 

(Weller et al., 2015).  

Within the technological limitations of this technology should be mentioned the limitation of the 

end-user products not only in quantities but also in size. 3DP technology allows printing 

products only within the size of the printing platform. Along with the latter limitations arises the 

concern of the companies about the product quality. The research shows that the concern about 

product quality is not that big as in generally companies manage to produce high quality 

products when it comes to the structural and functional quality of the product. Nevertheless, this 

concern remains when it comes to the surface quality of the product which is not always high 

and therefore requires post-processing (Müller, Karevska, 2016).  

Additional limitations for this method are various daily problems that companies may experience 

with this technology. One such is risk of infringement of the intellectual property rights. 

Recently this has become quite a hot topic in relation to the 3D printing technologies (Weller et 

al., 2015). In other words, any company that owns 3DP device is able to copy to some level a 

certain product design or their products to be copied by someone else. This is especially 

important for after-sales product components and spare parts products where customers can be 

offered equipment other than the one from the original manufacturer. That been said, the use of 

3DP technologies may seriously affect the economic prosperity of an entire industry (Müller, 

Karevska, 2016). 
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Additional business challenge that occurs when companies adopt AM technology in their 

production process is the lack of in-house expertise. Very often companies lack knowledgeable 

and experienced engineers for efficient adoption of 3DP technology. Therefore, their current 

engineers are forced to upgrade and change their way of work in order to successfully establish 

the new design and production processes for achieving the product added value.  3DP technology 

require expertise not only in the design and production phases but also in the production 

planning, maintenance and purchasing processes which currently makes the qualified engineers 

very limited (Müller, Karevska, 2016).  

2.4.3 The impact of 3DP technology on the business 

Technology has been considered as one of the most crucial factors for economic growth. While 

the service sector has increased its importance for many developed economies, the industrial 

sector is still relevant for the same ones. Evidently, throughout the past decade, many of the 

developed economies such as USA, UK Germany and other European countries have outsourced 

their manufacturing activities to developing countries mainly motivated by the low costs 

advantages. Yet, many of the scholars argue that those advantages are only for the short-term as 

they have positive impact on the business strategy and don’t enhance the manufacturing 

capabilities of the business. Therefore, companies started recognizing the strategic and 

competitive consequences of the outsourced manufacturing and started focusing on developing 

their own manufacturing capabilities (Steenhuis, Pretorius, 2017). In other words, companies 

recognize the importance of the technological innovations and its impact on the business and the 

entire economy, both national and global which results in shifting back the manufacturing 

activities in their countries.  

Moreover, companies not only aim to achieve technological advancement but also competitive 

edge which would differentiate them from the competitors by producing highly innovative and 

customized products that give an added value to the customer (Oettmeier, Hofmann, 2016). 

Hereby, the Additive Manufacturing, also known as 3D printing has been one of the latest 

technological developments which companies tend to adopt in order to improve their 

technological capabilities. The 3D printing with its rapid technological development has created 

such opportunities for the companies to reach their competitive edge and to enhance their 
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manufacturing capabilities (Rylands et al., 2016). Evidently, the 3DP technology is widely 

adopted nowadays as a disruptive innovation which generates radical changes for one industry.  

The adoption of 3DP technology has already started to disrupt the traditional manufacturing 

despite its current limitations. Indeed many developed countries like Singapore, USA, and South 

Korea take government initiatives for investing in 3DP skills and technological infrastructure 

through different programs as they see it as an agent that drives the manufacturing of innovations 

(Rylands et al., 2016). This value in the 3DP technology is seen as it not only gives technological 

advantages such as product customization and complexity in a waste-free automated process but 

also has strategic implications on the business operations.  

The adoption of 3DP technology impacts the performance objectives of the business: quality, 

speed, dependability flexibility and cost. Even though 3D printing is dependable on the materials 

used for production, the capability of this technology to easily produce complex products enables 

the business to enhance the quality of the product through its high functionality. Nevertheless, 

the speed of 3DP technology is relatively slower if compared to the traditional one. Furthermore, 

3DP technology does not influence dependability and offers high service flexibility in terms of 

producing novel products and modifying them at any time all that a lower cost than with 

traditional technology (Steenhuis, Pretorius, 2017). In other words, 3DP technology impacts the 

business by improving its operational efficiencies.  

However, the operational efficiencies are seen as not as radical as the strategic positioning 

impact of the 3DP technology on the business. The 3DP technology can have a great impact on 

the positioning of the business in the supply chain and can even affect all actors involved in the 

supply chain i.e. suppliers, manufacturers and customers. 3DP technology has the capability to 

make the supply chains narrower because they provide an opportunity to integrate and optimize 

the product functionalities which to some extend exclude the need for suppliers of sub-

components. In this sense, the production from low-wage countries is expected to move back to 

high-wage countries as the technology itself is less cost-demanding and requires less labor force 

(Oettmeier, Hofmann, 2016). Consequently, with the adoption of 3DP technology the company’s 

operations become more agile due to the ability of the technology to alter product designs and to 

offer high quality services with decentralized production closer to the consumer’s location. 

Furthermore, the 3DP technology not only can impact the supply chain structure chain but also 
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the processes involved in the supply chain by seizing the opportunities for product design 

through new adjusted management and R&D processes (Oettmeier, Hofmann, 2016). In this 

context, the adoption of 3DP technology can generate changes in the process planning and 

quality control processes.  

 

Figure 7. AM adoption process and business impact (Source: Rylands et al., 2016) 

Altogether, 3DP technology has the ability to create competitive edge for the businesses through 

its technical aspects such as geometry and complex product design. In addition, 3DP technology 

has the ability to alter supply chains and to create new opportunities for value chains which 

haven’t been evident before. In essence, 3DP technology has the ability to change the business to 

compete in rapidly turbulent environments by enhancing the manufacturing, offering business 

growth and technical capabilities to compete and generally impacting the entire national 

economy by generating related technical skills, knowledge and economic benefit (Rylands et al., 

2016). 
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2.5 Comprehensive theoretical framework 

This research has adopted the Technology Acceptance Model (TAM) in combination with 

Roger’s Diffusion of Innovation Theory (DOI) and the Technology-Organization-Environment 

model by Tornatzky and Fleischer (1990) and combined them into one comprehensive 

framework to further guide the empirical part of this research. Consequently, the fusion of these 

three structurally distinct yet conceptually similar theories has generated one comprehensive 

theoretical framework that define the potential factors which influence the adoption of 3DP 

technology in three key contexts and ultimately derive indications on the impact of the adopted 

technology on the business through the various benefits and challenges that were identified. 
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Figure 8. Comprehensive theoretical framework (Source: Author, 2018) 
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Hereby, the main theoretical framework used in this research consists of variables from three 

different contexts: 1) technological; 2) organizational and 3) environmental context. The 

technological context used the innovation attributes: relative advantage, compatibility, 

observability, trialability and complexity as variables that will define the perceived usefulness 

i.e. the perceived value of the 3DPT adoption by the Finnish companies and the level of 

perceived ease of use i.e. how easy the 3DPT has been for them to adopt. In addition to the 

technological context there are variables from organizational context which define the influence 

of the internal factors for the 3DPT adoption by the Finnish companies. Those variables are the 

top management support, organizational readiness, prototyping experience and company size that 

may not be as decisive as the technological ones but still must be taken in consideration. The 

third context of the comprehensive framework is the environment and it consists of set of 

variables that identify the influence of different external factors on the 3DPT adoption by the 

Finnish companies. This context includes variables such as the industry, market scope, 

competitive pressure and external support during the 3DPT adoption process. All three contexts 

influence the adoption decision and adoption process which eventually lead to rejection or 

adoption of a certain technology that ultimately can impact the business by bringing an added 

value to the company adopter.  
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3 RESEARCH METHODOLOGY 

This chapter explains the methodology used for the empirical part of the research. The chapter 

describes the research strategy, data collection instruments and data interpretation techniques. 

Furthermore, the chapter illustrates the sample size and presents the characteristics of the 

research participants into one table.  

3.1 Research strategy  

This research has used qualitative research strategy which has established relationship of the 

theory with the empirical research. Starting with the general research question the focus of the 

empirical research was determined in Chapter 1.2 and supported by the research background and 

by previous theoretical research. The empirical part of this research has started with the selection 

of relevant subjects for data collection. For the purposes of this research, was chosen most 

suitable sampling framework with relevant and representative sampling population. For the data 

collection, semi-structured interviews were used as the main instrument which allowed the 

researcher to gain more in-depth understanding of how respondents have adopted the 3DPT and 

in what ways the adoption has impacted their businesses. The interviews were conducted 

remotely i.e. via Skype and voice recorded. Each interview was separately transcribed so that the 

researcher could organize the collected data and identify the point of data saturation.  

The data collection was done in a systematic manner governed by the comprehensive framework 

(Figure 7). The data collection was executed in an iterative manner till the saturation point was 

reached after which was interpreted and analyzed using coding techniques. The interview 

transcriptions were interpreted with codes initially generated from the theory. However, 

throughout the interpretation process the codes were adjusted to fit a narrowed scope of concepts 

that were most closely related to the main research question and objectives. When the coding 

process was done the codes were categorized and scrutinized for details that explain the 

relationships of the researched variables (TOE factors) and the subjects (the respondents) for the 

researched phenomena (3DPT adoption) and those were analyzed more specifically. Once the 

relationships were described the research findings were written up.  
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Figure 9. Qualitative research steps (Source: Bryman, Bell, 2011) 

3.2 Purposive sampling 

Due to the nature of this study and limited application of the main concepts studied in it, a 

purposive sampling technique was used in order to reach a real sample size. According to 

Saunders (2003): "purposive sampling enables you to use your judgment to select cases that will 

best enable you to answer your research question and to meet your objectives" (Saunders et al., 

2003, p.175). With the purposive sampling technique was extracted more representable data 

from relevant Finnish SMEs that have adopted the 3DPT. This research has used the Finnish 

Rapid Prototyping Association (FIRPA) as a sampling frame which provided the researcher an 

access to its member organizations. Hereby, the researcher has investigated the given list of 

organizations members of FIRPA out of which was generated representatively heterogeneous 

sample size. The sample size was purposely chosen with an aim to reach sample heterogeneity. 

In fact, the sample heterogeneity was reached by choosing respondents with potentially different 

business profiles. In total the actual sample size was only eight respondents and in fact the eight 

interviews were enough to reach the saturation point in the process of data collection and yet to 
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gain heterogeneity in the data. Each of the interview participants was given an informed consent 

(Appendix 2) which explained the aim of the interview, the ethical principles of the research and 

data confidentiality. Each of the respondents confirmed total consent before the start of the 

interview. 

Table 1. Respondents’ characteristics 

 
Business 

Company 

size 
Industry 

Operation 

period 

Company A 3DP machine & material supplier SME Medical >5 years 

Company B 3DP service provider SME Multiple <5 years 

Company C 3DP service provider SME Multiple <5 years 

Company D 3DP service provider SME Multiple >5 years 

Company E 3DP service provider SME Multiple <5 years 

Company F 3DP service provider SME Multiple <5 years 

Company G 3DP manufacturer SME Electronics >5 years 

Company H 3DP manufacturer SME Electronics >5 years 

 

(Source: Author, 2018) 

3.3 Coding 

Starting activity of the empirical data analysis was creation of a code list that was necessary for 

classification of the raw data. Without data classification the collected data would have created 

confusion and would have been complicated to derive an objective common conclusion. 

Therefore, identifying, coding, categorizing and pattern labeling were the essential elements of 

the data analysis (Patton, 2002). In the frames of this research it was necessary to analyze the 

core content of the conducted interviews. 

The coding technique was applied by making side-notes, abbreviations and labels on the 

interview transcription pieces which initially were generated from the theoretical data and later 

complemented with new code sub-categories generated from the empirical data. The codes were 

also written on the margins of the relevant passages of the data interviews each illustrating a 
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particular concept. After several readings of the interviews the final categories of the codes were 

formed and applied to the relevant passages. The codebook was developed on basis of the 

literature previously discussed in this study as well as based on standardized open-end interview 

questions and other additional coding categories added during the coding process.  

However the process of developing the codes and the categories has used convergence. That 

means the researcher was looking for recurring regularities of the data which helped identifying 

the influence of the factors for 3DPT adoption. In that sense, data prioritization was done during 

the classification in order to determine the most important data parts.  
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4 FINDINGS 

This chapter presents the collected data and gives an analysis of the results using the 

comprehensive framework. The chapter gives an understanding of how actually Finnish 

companies adopt 3DP technology and what benefits and challenges they recognize in it. Further 

in this chapter is presented substantive theory based on the analyzed data.  

4.1 3DPT adoption process planning, performance measurement and evaluation at the 

Finnish companies 

As previously discussed in Chapter 2, there is an extensive literature which indicates on four 

strict criteria that are imperative for a company to become competitive on the market. Those are 

product quality, cost efficiency, performance and technology (Thi, et al., 2016).  However, out of 

the latter four mentioned criteria, the role of technology has been widely recognized as an 

essence for business competitiveness.  

Consequently, the technological uncertainty is quite big challenge for companies that strive for 

constant success and for market competitiveness. On the other hand, companies respond to the 

market and technology dynamics by amplifying their capabilities and exploiting the existing 

technology in combination with innovative technology in order to build up competitive products 

that are difficult to imitate in terms of quality, cost and performance (Kristianto et al., 2012, 

p.199). In that way companies become competitive not only domestically but also globally.  

Therefore, this research undertook to uncover how does in practice the 3DP technology adoption 

impacts the business in terms of quality, cost and performance. For that purpose, 20 FIRPA 

member organizations were purposely chosen. However, the actual response rate was about half 

of the selected sample size i.e. in total there were 8 interviews conducted in a 3 month time 

period. The empirical data derived from the conducted interviews was scrutinized from three 

different angles: technological, organizational and environmental which indeed constitute the 

main framework used for this research (Figure 7). 

The main objective was not only to explore the variables i.e. factors that influence the adoption 

of 3DPT alongside with its benefits and challenges but also to explore the adoption process. As 
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the interview questions didn’t follow a particular order but they were rather open-ended 

questions, there was plenty of disguised information which later throughout the coding process 

was fragmented in elements that indicated on some certain modules i.e. activities that followed a 

process pattern similar to business planning. Yet, none of the interviewees has revealed a 

particular process pattern which indicated on implemented systematic planning for 3DPT 

integration in their business operations.  

The data showed that all respondents initially recognized the dynamics of their business 

environment and hereby following the technological trends of their domestic and global markets 

they have recognized the potential need and prospects of 3DPT adoption.  

“I mean it is not like you wake up one day and you decide to use 3D printers. It is more like 

learning about global industry trends. You realize what is new in the technology and what could 

possibly become a trend or imperative for you industry/market.” 

(Company B) 

Furthermore, as the literature indicates, the pre-installation phase consists of planning and 

justification activities among which is the strategic response to the need to meet the competitive 

demands. Comprehensive attentive planning wasn’t evident at any of the interviewed adopters as 

most of them recognized the need to adopt this technology with instant applications without any 

plan for long-term exploitation. Nevertheless, there was a small deviation in this module as one 

of the respondents has indicated on planning process which included different business 

departments i.e. finance, marketing, R&D and production.  

“Yes, in generally we do make feasibility studies for everything new that is proposed to be 

implemented in our operations. So, for the 3D printers we had a small draft plan in which were 

involved people from different positions like our marketing manager, our R&D people and me 

responsible for the finance part (basically the whole company had the task to research 

thoroughly the 3DPT and to prove with arguments that it is what we exactly need.” 

(Company H) 

Despite that, the interview data didn’t give any indications on clear systematic planning 

performed by the adopters in the pre-installation phase. However, on the other hand, most of the 
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adopters indicated on achieving certain objectives which in essence could be identified as their 

strategic goals. In practice, the empirical data showed that respondents identified the customized 

product design as their strategic goal which in point of fact meets the customers’ needs and 

qualifies as an added value for them.  

In essence the product design is the biggest benefit that the adopters identified on first place 

followed by others benefits such as inventory management, decreased costs and reduced lead 

times. In that regard, their customer feedback gathered through different channels in various 

forms could be identified as an established parameter which constitutes one general opinion. In 

other words, the results showed that Finnish 3DP adopters use different customer feedback 

channels for understanding whether or not the product design was compatible with the 

company’s needs which in essence defines whether or not the 3DP technology adoption has 

achieved the company’s strategic goals.  

“If we look from investment perspective, I think the invested money have been already justified 

with the implementation of the 3D printers in our operations. Strategically, it also met our goals, 

because as I said we consider that our objectives are met when we deliver an added value to our 

customers.” 

(Company C) 

Particular organizational or infrastructural changes haven’t been evidenced in any of the 

interviewed adopters as all of them recognized their work force as skilled enough to integrate the 

3DPT in their systematic operations and to be able to switch from traditional technology to 

3DPT. To some degree every respondent has revealed action-planned investment justification. 

Yet, some of them have done it in more disguised form while others in systematically integrated 

planning.  

“Yes, in generally we do make feasibility studies for everything new that is proposed to be 

implemented in our operations.” 

(Company H) 

The technology choice is the module which itself represents the second phase of the technology 

implementation process. It constitutes of acquisition and start-up-related activities which in 



43 

 

 

particular are decision-activities for selection of new technology. As the data reveals, the 

interviewed adopters have made their technology choice by following global industry trends as 

well as by upgrading their technological knowledge at various seminars, trade shows and 

obviously by looking-up at their competitors (even though they don’t consider the competitors’ 

pressure very critical for their technology choice).  

Finally, the third phase of the implementation process is the post-commissioning phase which 

includes monitoring and performance evaluation activities. In practice, the data showed that no 

particular monitoring systems have been established at the adopter organizations. In fact, the 

adopters’ 3DPT practices can be defined as trial & error activities and gradually learning the 

technology from previous test failures i.e. learning-by-doing. Hereby, since there hasn’t been 

evident monitoring system for the performance of the 3DPT, this study can’t accurately define 

from the extracted interview data how successfully and effectively the 3DP technology has been 

implemented and utilized by the Finnish adopters.  

4.2 Technology factors 

In the technology category empirical data was summarized in the context of relative advantage, 

compatibility, observability, complexity and trialability which in essence constitute the two main 

subcategories of the technology adoption framework: 1. Perceived usefulness; and 2. Perceived 

ease of use. As the main framework is constructed, relative advantage, compatibility, 

observability and trialability constitute the perceived usefulness of the 3DP technology. 

4.2.1 Relative advantage 

When it comes to the relative advantage of the 3DPT adoption, bigger part of the respondents 

were able to recognize and agree on a common one. Particularly, the respondents indicated on 

the design and its flexibility and complexity as a relative advantage derived from their 3DPT 

adoption. The high level of design complexity which corresponds to the special customer needs 

was recognized as a relative advantage derived from the adoption of this technology as in 

practice their product offerings became more advantageous than their competitors’ ones.  
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“For prototyping is very fast to produce complex parts not possible to produce with other 

manufacturing methods. Also, I think sometimes you can develop your own materials and also 

use materials in shapes that not possible to use with other methods. So, yeah, I think this type of 

innovation (technology referred) is very big advantage because you don’t need any kind of other 

extra tools…You have a complete freedom of design.” 

(Company A) 

Additionally, respondents recognize the design flexibility as relative advantage because the 

3DPT allows them to change designs in different shapes and structures almost without any 

difficulties. While, such design flexibility is not possible with conventional methods, respondents 

recognize that as their relative advantage over those competitors who still use conventional 

technologies. 

Like I said, the design is one of the biggest advantages…you don’t have to make any cast. You 

just make the part…any kind of shape, like rectangular parts or some more complicated shapes. 

(Company C) 

Our customers are very different and special in their project demands. So, not always before was 

easy to create a prototype with the previous technology we used to meet their special demands. 

However, now designs that we thought were impossible to make, now with the 3D printers 

became possible. 

(Company B) 

Hereby, from the quotes above can be concluded that companies gain relative advantage in 

design complexity and design flexibility by adopting 3DP technology in their operations. In other 

words, 3DP Technology adoption enables companies to respond to the highly dynamic customer 

demands and to meet their requirements in terms of design customization which is often complex 

and difficult to imitate or impossible to create with any other technology.  

While most of the respondents agreed on the design as their relative advantage which in fact 

keeps them competitive on the market with complex design product offerings, there has been a 

little deviation in terms of relative advantage recognition. Part of the data indicates on significant 
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cost-cut in the operations i.e. in the production-related activities with the adoption of the 3DP 

technology. The respondents understand the adoption of 3DP technology as an instrument for 

cutting the costs related to production operations as a relative advantage as it enables the 

company to produce relatively cheap product for a low price which is impossible to be  achieved 

reach by the competitors.  

“In some case the quality is less but the cost are small so it is acceptable…For the lead time if 

we compare some parts can be produced much quicker with new design but it is still arguable as 

it is not always the case..” 

(Company A) 

“Of course, the lead times are also shorter especially if you know how to properly use the 

technology.” 

(Company E) 

The empirical data showed that not only the design and cut on costs are seen as relative 

advantage by 3DP adopters but also the shorter lead time. Part of the interview data indicates on 

the shorter lead time as relative advantage because companies can respond to the customers’ 

demands in a short timeframe which not only increase their operational efficiency but also 

increases their profit potential as they can work on the next customer project. 

“You can print anything on demand. You don’t need to keep anything in stock. Previously you 

had spare parts and you keep them in stock. Now you print everything by demand.” 

(Company G) 

Additionally, small portion of the interview data indicates on the inventory management 

advantage as a relative advantage coming out of the 3DP technology. The data shows that 

companies don’t need to keep in stock spare parts for producing a product when demanded, but 

rather producing the product with the demand simultaneously. In this way, they become more 

effective in their inventory stock optimization.  
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4.2.2 Compatibility 

In terms of compatibility, the research showed that companies adopt 3DP technology because it 

is compatible with their values, needs and ideas. As the literature defines the compatibility 

factor, it is the degree to which the adopted technology is consistent with the values, needs and 

previous technology experience of the adopters. 

“Of course our company has extensive knowledge and experience on different prototyping 

systems and something close to AM.” 

(Company H) 

 “If you mean about technology expertise, we have very professional and experienced experts 

working in our company who had used 3D printers personally at home for some pilot projects.” 

(Company G) 

The interview data showed that the companies-adopters had some previous experience in 

prototyping and production with technologies similar to the 3D printers, which indeed was a 

solid basis for experimenting with new technological innovations i.e. for adopting 3DP 

technology for prototyping and production purposes.  

“As I said, we keep us up-to-date on everything. Not only on technology, but also on market 

dynamics, on customer switching demands, competitors.. and all that together kind of led us to a 

decision to start using 3D printers for our customized projects.” 

(Company G) 

The interview data showed that companies considered to adoption of 3DP technology as a result 

of the dynamic changes of the customer needs which all that allowed them to respond to such 

rapidly changing market demands. That allowed companies to create new level of customizable 

product designs.  

“Back then, Nokia realized they can have the actual parts in few days and fully functional parts 

and they realized 3DP could be used for that.” 
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(Company F) 

The compatibility factor not only influenced companies for adopt 3DP technology in order to 

respond to the demanded complex product designs but also to optimize their operations with a 

shorter lead time. In fact, the interview data showed that companies’ adopters offered added 

value to the customers not only by producing highly customized products but also by reducing 

the product lead times which in a way identified the compatibility of the 3DP technology with 

the company’s values and objectives to react efficiently to the customer’s demands.  

“If we look from investment perspective, I think the invested money have been already justified 

with the implementation of the 3D printers in our operations. Strategically, it also met our goals, 

because as I said we consider that our objectives are met when we deliver an added value to our 

customers.”  

(Company H) 

The bottom line of the above extracted quotes is that the respondents have found the 3DP 

technology compatible with their strategic objectives and values and also compatible with their 

previous experience with technologies similar to the 3DP technology which enabled them to 

recognize the need for adoption of this technology. Yet, the empirical data on compatibility 

wasn’t completely homogeneous because part of the respondents claimed no previous experience 

with 3DP technology nor experience with similar technology, which only partially proves the 

premise that 3DP technology is compatible with the adopter’s values, needs and previous 

experience with similar technology influences the adoption of this technology and its future 

outcomes. In fact, the respondents claimed tendency to experiment with disruptive technological 

innovations which are completely new to them and to learn that technology with trial and error 

method i.e. learning by doing.  

“Usually not ready. Most of the time they want to see the design and all that. But when we 

started we also didn’t know much. So, we learn by doing without any previous experience or 

knowledge…” 

(Company D) 



48 

 

 

4.2.3 Observability 

In terms of observability, the empirical research showed that adopters knew what to expect from 

the 3DP technology by observing other 3DP adopters in the industry and analyzing the way 3DP 

technology worked and its evident outcomes. Therefore, the observability factor played an 

important role in the adoption decision as the company adopters could familiarize better with the 

processes involved in the 3DP as technological innovation as well as to understand what other 

resources could be used in order to gain certain results. But more important is to note that the 

final results i.e. the 3D printed products were precautionary because the company adopters could 

see, touch and understand the final effects of this technological innovation and ultimately to 

make the decision whether or not to adopt this technology.  

“If you mean about technology expertise, we have very professional and experienced experts 

working in our company who had used 3D printers personally at home for some pilot projects.” 

(Company H) 

The data shows that companies with or without any previous experience with 3DP technology 

still don’t make quick decisions for adopting the technology without knowing the actual results 

of it. There is still existent knowledge on the technology outcomes either on an organizational 

level or at least individually in the employee.  

“So I started to travel around and to visit some seminars and some exhibitions to understand 

what was all this about...and I started to understand that these machines work with different kind 

of material and can be used for different kind of products…” 

(Company E) 

The observability factor is one of the most crucial factors for adoption of 3DP as it preliminary 

justifies the value of the technology and its compatibility with the company’s previous 

experience, objectives, goals and needs. That in a way is interrelated with the previously 

discussed factors i.e. the relative advantage and compatibility because the adopter can determine 

how useful the technology is for the business operations.  
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4.2.4 Trialability 

Additionally, the trialability factor also play important role in the adoption of 3DP technology as 

it determines the degree to which adopters can experiment the 3DP technology and even 

combine it with the existent old one. Undoubtable, the 3DP technology allows high degree of 

trialability as the empirical data showed because most of the adopters with or without previous 

experience still didn’t know how to completely exploit all features and possibilities of that 

technology and so rather chose to experiment and try different designs or use new different 

materials for more complex designs. 

“3D printers are good because you can experiment every day new designs and use different 

types of materials.” 

“…and we can now use materials which usually were not possible to use with our previous 

machines.” 

(Company E) 

The trialability factor together with relative advantage, compatibility and observability identify 

the perceived usefulness of the 3DP technology by the adopters. In brief, adopters consider 3DP 

technology useful for their business which is justified through the relative advantage gained 

through that technology in terms of having complex product designs but also evident decrease in 

the operational costs as well as shorter lead times which all add a substantial value for the 

customer.  

“Well you are never ready! Basically you need to try and fail and try again until you succeed. At 

least in my mind, that is the best way.” 

(Company H) 

The 3DP technology is perceived useful by the adopters because they could judge that 

preliminary from other adopters in the industry and analyze the outcomes of that technology. 

However, it is worth to mention that in practice 3DPT is perceived useful because it is 

compatible with the adopters’ strategic objectives, values and specific customer demands 
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especially to which is closely related the trialability factor i.e. the high degree of freedom to 

experiment with this technology. 

4.2.5 Complexity 

Nevertheless, the technology adoption is influenced not only by the perceived usefulness of the 

adopted technology but also by the perceived ease of use of that same technology. If previously 

discussed factors identified the perceived usefulness of the 3DP technology by the interviewed 

adopters, there is an additional factor which ultimately determined the perceived ease of use of 

the 3DP technology by those same interviewed adopters. That factor is the complexity of the 

technology which identifies the degree to which the adopted technology is easy to adopt and to 

start using it.  

The interview data on perceived ease of use was quite heterogeneous as for some of the 

respondents it was easy to adopt the technology due to previous experience and existent 

knowledge on 3DP technology, while for others it was long-learning process accompanied by 

many trials and errors. However, as the main framework of this study suggests the low 

complexity level of the 3DPT as influential factor for adopting this technology, it has been 

considered as standard non-deviant case.  

“We didn’t find it complicate to use the printers as the process is quite simple and we have had 

before trainings on how to use them.” 

(Company H) 

Therefore, the 3DP adopters perceived the 3DP technology easy to adopt due to previous 

knowledge on that technology gained from different source platforms like professional literature, 

trainings and technology-related seminars. On the other hand, the data showed that most of the 

adopters didn’t find the 3DP technology easy to adopt but on the contrary, they found it difficult 

to gain a work routine with the printers. However, with persistent learning and consistent 

experimentation and trial work the adopters were able to learn the more of the 3DP technology. 

“In the beginning it was like hell... (like living with a woman)..But then it all comes right with 

consistent work and insisting learning.” 
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(Company B) 

The data showed that even companies with similar technology experience have found it tough to 

entirely integrate the 3DP technology within their operations because in essence it is technology 

which generates its capabilities throughout its usage.  

“However, on a company level I can’t say it was easy thing. We learned every day new things 

about how to properly use the printers and to discover fully their capabilities. Because it doesn’t 

make any sense to use only few features of the printers if there are in fact hundreds of them.” 

(Company C) 

In essence, adopters find 3DP technology complex because with every new customer project new 

specific design comes which requires using special techniques and perhaps different materials. 

All that leads towards discovering new technology features to the adopter. However, with 

constant information upgrade and training the adopters gain certain routines which in generally 

lead toward one linear process synthesized of various technological features.  

“It is too complicated to sell. Everything is new to the customer. They don’t know anything about 

these machines, they have never used them and it is in generally very long process. But we have 

been training the customers a lot and we keep an emphasis on that. We constantly update them 

with all new information.” 

(Company A) 

In fact, adopters find the adoption not only as a complex process but also as a long-learning one 

because all 3DP features and capabilities are possible to be learnt and properly exploited only 

over some time rather than absorbed in one shot.  

4.3 Organizational factors 

Apart from technological factors, there are organizational and environmental factors that the 

literature takes into account for analysis on their actual impact on certain technology adoption. 

The empirical data of this research has shown that organizational factors: 1. Top management 

support; 2. Organizational readiness; 3. Prototyping/production experience and 4. Company size; 
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had an impact on the decision for 3DP adoption, yet in most of the cases some of these factors 

weren’t critically determinative.  

4.3.1 Top management support 

The empirical data didn’t give big indications on how critical was top management support for 

the interviewed companies to adopt the 3DP technology. However, if analyzed objectively, in 

most cases the respondents were top managers/owners of the companies who identified the 

adoption of 3D printers more as an individual decision rather than collective. Altogether there 

can’t be identified any deviant cases because to some level all decisions were either fully made 

by the top management or supported by the same one in a collective decision process. 

“I had several indications from the R&D team on this technology but in generally I was the one 

who took the initiative to implement 3DP because I like to be innovative and to keep up with the 

industry trends as I said before. Not always it gives positive results but at least it is worth 

trying.” 

(Company F) 

The data shows that adopters consider the decision mostly as self-initiated even though it reality 

the need for this technology might have been generated by the customers themselves or by the 

rest of the company team. Nevertheless, the empirical data shows that in the end all credits go to 

the top management who either way has supported the idea to adopt this technology which in 

reality that converted the idea into practice. 

“It was like 5-6 years ago, I read a book where small part was about 3D printers which got my 

attention after which I started investigating this field by reading articles and related literature 

for 3D printing. This obviously has become interesting to me as our company by that moment 

was selling parts for metal leg shops and then I thought maybe we should consider a 3D printer 

as this is a big prediction for the future production of many products…” 

(Company A) 
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4.3.2 Organizational readiness 

Organizational readiness is one of the factors from this category with disguised influence on the 

effectiveness of the adoption process because as literature presumes, there should be certain 

organizational changes unfolding in order to properly integrate the technology within the 

organizational structure. Nevertheless, the interview data has shown that none of the adopters has 

gone through any organizational change throughout the adoption process because all of them 

considered their employees skilled enough to start using the 3DP technology. However, they 

considered upgrading their technology knowledge essential for effective work. 

“If you mean about technology expertise, we have very professional and experienced experts 

working in our company who had used 3D printers personally at home for some pilot projects. 

However, on a company level I can’t say it was easy thing. We learned every day new things 

about how to properly use the printers and to discover fully their capabilities.” 

“If you ask if we had to employ people from outside, then no. As I said, we have extensive 

experience in prototyping and any technology and process is our challenge that we look for. In 

fact, that is our job to be innovative.” 

(Company E) 

On the other hand, adopters considered learning-by-doing as most reasonable way to properly 

integrate the 3DP technology in the prototyping and production operations even in complete 

absence of previous experience or similar technology-related knowledge. 

Hereby, the interview data showed that no significant organizational changes were necessary for 

the adopters to start properly using the 3D printers regardless of whether or not the company 

possessed any skills or previous experience with such technology. 

4.3.3 3DP experience 

In essence, this factor is interrelated with the latter one, organizational readiness, as it is 

substantially determinative on the level of previous prototyping & production experience of the 

adopter. As the literature indicates, the adopters with wide or some experience in prototyping and 
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production find it easier to experiment with new technology for the same purposes. In practice, 

the interview data has shown that companies did possess previous experience in related 

prototyping and production technologies which in a way gave them confidence to switch from 

conventional technology to 3D printers.  

“Of course our company has extensive knowledge and experience on different prototyping 

systems and something close to AM.”  

“If you mean about technology expertise, we have very professional and experienced experts 

working in our company who had used 3D printers personally at home for some pilot projects.” 

(Company F) 

However, the data didn’t completely prove the premise that the possession of previous 

experience or knowledge was crucial for the adoption of 3DP as there was respondent who stated 

no previous experience nor knowledge in prototyping with conventional or other technologies 

similar to the 3DP one.  

“Usually not ready. Most of the time they want to see the design and all that. But when they start 

they don’t know much. So, they learn by doing. No previous experience or knowledge.” 

(Company A) 

4.3.4 Company size 

The data indicated that in practice, adopters didn’t consider the company size relevant to their 

decision for 3DP adoption. Yet, if analyzed proportionally one can conclude that all of the 

respondents were actually SMEs which in a way proves the premise that small to medium sized 

companies have the most odds for 3DP adoption.  

“We are a small size company but with ambitions for growing big at some point. We make 

custom made projects for different client profiles using AMT particularly 3DP.” 

“I’m second generation of family company. 20 people 10 million euro. We have subsidiary in 

Estonia. We have been delivering different kind of metal production systems…” 

(Company B) 
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Nevertheless, the actual importance of this variable wasn’t clearly identified as there were other 

variables prevailing as crucial factors for the adoption of the 3DP technology.  

4.4 Environment factors 

The adoption of 3DP technology has been determined by environmental variables as well. In that 

context, variables such as industry to which adopter belongs, market scope of the adopter, 

competitive pressure and external support have been identified as important variables that may 

influence the adoption process to some degree. 

4.4.1 Industry 

This variable is closely related to the technological innovation specificity. In other words, 

specific technological innovations like 3D printers are closely associated with production 

industries such as medical, automotive and electronics. However, this variable is quite relative 

factor because the implications of the 3DP technology are way broader due to the experimental 

nature of this technological innovation. Indeed, there are different studies which indicate on the 

future of 3DP applications in the engineering industry (3D printed houses) or in the food industry 

(3D printed food) or other, for now, unusual industry applications.  

Therefore this variables wasn’t analyzed with particular deviant or non-deviant cases, but was 

rather explored from the surface.  

“Back then, Nokia realized they can have the actual parts in few days and fully functional parts 

and they realized 3D printers could be used for that.” 

(Company F) 

“This obviously has become interesting to me as our company by that moment was selling parts 

for metal leg shops and then I thought maybe we should consider a 3D printer as this is a big 

prediction for the future production of many products.” 

(Company A) 
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4.4.2 Market scope 

This variable identifies the degree to which the market scope is critical for adoption of certain 

technology. Particularly talking about the 3DP technology, as the literature suggests, it’s not yet 

ready for big volumes but rather for limited production. Therefore, companies which adopt 3DP 

technology primarily serve niche markets due to the limited technology capacities. 

 “At the moment I don’t see AM ready for volume production. It is more about complex design 

but doing it slowly and customized. You need to use the benefits of this technology…and I think 

our competitors have not yet understood that.” 

(Company B) 

Adopters recognize the limited capacities of the 3DP technology and so far they either apply it 

for prototyping purposes or for limited production volumes to serve small niche markets. In fact, 

they find it impossible to serve the mass market with the current state of the 3DP technology due 

to various limitations such as relatively low production speed i.e. more time consuming, 

limitations in product size i.e. dimensions within the 3D printer platform dimensions and 

increased input costs as the current material is not feasible for production of all kinds of 

products.  

“But from a technical perspective AM is still limited technology when it comes to mass 

production. I mean, you can’t produce thousands and thousands of units of a product... or you 

can, but it will take forever. But in generally, this technology makes it impossible to produce 

large volume. That’s why we use it more for prototyping purpose.” 

(Company H) 

On the other hand, the variable shows that 3DP adopters not necessarily have limited market 

scope as there are for instance some big companies which use this technology for large volume 

production.  

“Back then, Nokia realized they can have the actual parts in few days and fully functional parts 

and they realized AM could be used for that.” 

(Company F) 



57 

 

 

For instance, Nokia is one of the companies which apply 3DP technology for production 

purposes of specific design parts which otherwise were difficult or even impossible to produce 

with other technology. Obviously, Nokia doesn’t produce few such specific parts but rather in 

big quantities as one can estimate their current market scope. 

Nevertheless, as the literature suggests, the interviewed adopters consider the current state of 

3DP technology unable for mass production and some even consider it currently unable for 

production at all. Therefore, most of the respondents were not very clear whether they apply the 

3DP technology more for prototyping or for production purposes. On one hand, if summarized 

the gathered data, one can conclude that all respondents were 3DP adopters for prototyping 

purposes putting big emphasis on the complex custom product design and product quality. On 

the other hand, there are still indications that those prototypes are converted into custom products 

in minimal volumes which sort of make it difficult to distinguish the exact purpose the 3DP 

technology is applied for in practice.  

4.4.3 Competitive pressure 

The competitive pressure is a variable which heavily depends on the previous two discussed 

from the environmental context i.e. industry type and market scope. In practice, there is always 

some pressure from competition, whether directly or indirectly, which makes companies to adapt 

to certain changes in their environment i.e. in their industry. Hereby, this variable is identified as 

a pressure factor which determines how influential are the competitors in the decision process for 

adoption of a certain technological innovation i.e. particularly for the adoption of 3DP 

technology. 

The empirical data showed that adopters have had some influence by their competitors directly 

or indirectly because most of the data indicates the adopters follow innovation trends and keep-

up with the technological innovations by simply checking what their competitors do or what 

could they possibly do or use in future. 

“Basically, you don’t innovate in vacuum, but rather explore innovations on-field by constantly 

seeking solutions, following new trends in the market, looking up at the competitors, trying to 

understand the customers’ needs etc.” 
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(Company E) 

“I think in 2 years from now it will explode, especially as the competitors start pushing down the 

prices…About 80 or 90% will be buying craft because it is impossible to payback the investment 

if you low down the price like this. So, that means the market will grow but many companies 

competitors will go bankrupt, because no possession of business knowledge…” 

(Company G) 

“The competitors are trying to get volume and lower the prices… But you can’t grow this way if 

you have low margins.” 

(Company H) 

On the other hand, the empirical data has shown that some adopters never considered the 

competitive pressure as crucial factor which made them decide to adopt 3DP technology.  

“Not really! I don’t think our competitors were somehow important for us when we decided to 

use 3D printers.” 

(Company F) 

Altogether, adopters didn’t consider the competitive pressure critical factor for their 3DPT 

adoption. In fact, many of them even if looked up to other adopters they never considered them 

as competitors because they consider the 3DP market as experimental and not yet defined. In 

fact, the adopters consider their competitors rather as potential partners and companies to share 

with certain workload and experiences.  

“..You need to use the benefits of this technology and I think our competitors have not yet 

understood that…Let’s say we are partnering with our competitors from time to time but I don’t 

like to get in business with them because they don’t get the main point.” 

(Company E) 
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4.4.4 External support 

The last variable of the environmental category is external support variable which can 

substantially influence in the decision making process of 3DP adoption. As most of the 3DP 

adopters are small to medium a sized company that means many of those companies are limited 

in their investments. Therefore, there are various types of government institutions and 

organizations which offer different kinds of support such grants, convenient loans, technical 

support, regular seminars etc. In a way, all that mentioned support which comes outside of the 

company can be decisive factor for adoption especially for those companies which are short in 

finances to invest in that kind of technology. 

On the other hand, there were adopters who recognized the value of external support such as 

TEKES which grants were used for purchasing high quality equipment suitable for the specific 

needs of the companies. Similar government institutional support was also recognized as helpful 

but not determinative by small portion of the interviewed respondents. 

“There is an EU support- grants... but it depends where you located are. In Finland in some 

areas like Lappeenranta this support is given (financially). Also technical support is given to 

companies to start using this technology. Of course TEKES is here also for financial support.” 

(Company E) 

“Yes, I think it actually did and still does help companies to integrate the 3D printers in their 

work…But it really depends where are they located because not in every area in Finland this 

support is provided.” 

(Company D) 

“Yes, usually they get from other parties technical support but also financial support depending 

on the project.” 

(Company B) 

Nevertheless, the data has shown that not everyone has received an external support because 

some consider the investment not very critical so that external help would have been needed to 

realize the whole technology adoption idea. 
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“No, there is no external investor in our case. All investments were made by our company.” 

(Company H) 

Table 2. Summary of research findings 

Abstract  

category 
Category Factors Influence  

Perceived 

usefulness 

 

 

 

 

TECHNOLOGY 

Relative 

advantage 

Recognition of high level design 

complexity and flexibility. Nominal 

recognition of costs reduction; shorter 

lead times and optimized inventory 

management. 

Compatibility 

Compatible with the adopter’s needs and 

values mainly in terms of delivering 

customized projects. Yet, not fully 

compatible with the adopter’s previous 

experiences. 

Observability 

Preliminary justified value of adopted 

technology through own and other 

adopters’ observable outcomes.  

Trialability 
High level of experimentation applicable 

with 3DPT.  

Perceived 

ease of use 
Complexity 

Mixed perception on perceived ease of 

adoption and usage of the adopted 3DP 

technology. 

Internal 

influence  
ORGANIZATION 

Top management 

support 

Top management takes initiative and 

supports the idea for 3DPT adoption. 

Organizational 

readiness 

No organizational changes recognized as 

necessary for successful 3DPT adoption 

even in absence of qualified 3DP skills 

and experience.  
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3DPT 

experience 

Existent previous 3DPT experience was 

helpful for starting-up with the 3DPT, yet 

not found critically important as adopters 

implemented the technology using 

learning-by-doing mechanisms.  

Company size 
Not relevant to the adoption decision, yet 

typically adopted by SMEs. 

External 

influence 
ENVIRONMENT 

Industry 

Applicable in different industries. 

Therefore, it is a variable with relative 

impact. 

Market scope 

Niche markets and limited production. 

Not common for large production 

volumes. 

Competitive 

pressure 

Non-significant competitive pressure 

exists as the market hasn’t matured yet. 

External support 
Evident external support from various 

sources (government, TEKES etc.) 

 

(Source: Author, 2018) 

4.5 3DPT adoption level of the Finnish companies 

When it comes to the maturity level, 3DP technology is yet new to the Finnish businesses as all 

of the respondents identified themselves as early adopters of this technology. However, they 

expect this situation to change very soon as the interest by the businesses in 3DPT grows rapidly 

in parallel with the changes of the customers’ demands.  

“We are still at the early stages but I think the situation will change in the near future because I 

see lot of start-ups doings something with the 3D printers.” 

(Company B)  

“I think in 2 years from now it will explode, especially as the competitors start pushing down the 

prices…About 80 or 90% will be buying craft because it is impossible to payback the investment 
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if you low down the price like this. So, that means the market will grow but many companies 

competitors will go bankrupt, because no possession of business knowledge.” 

(Company G) 

“I think the number of products made with AM technologies will rise up and there will be lots of 

schools that will make emphasis on this technology by teaching AM. With this the number of AM 

adopter will rise very much.” 

(Company D) 

The data showed that the current 3DPT adopters expect the interest in 3DPT and AM in 

generally to grow through organic knowledge channels such as schools where students will 

familiarize much better with the basics of this technology and later in their professional life can 

implement the gathered school knowledge in practice where 3DPT applicable.  

“We have in Finland this history with AM. We could be much further with this technology but for 

some reason we haven’t progressed much. But we are in the initial stages but I think we will 

progress very soon but for the moment in the early stage.” 

(Company C) 

All above stated leads toward an understanding that Finnish SMEs are still in their initial stages 

of 3DPT adoption and usage which categorizes the current adopters as “early adopters” 

according to the previously discussed categories in Chapter.2 Literature review. In practice, none 

of the interviewed adopters could precisely identify the 3DPT maturity level, yet in a broader 

picture they can be associated closely to the ‘early adopters” category.  

4.6 3DPT benefits for the Finnish adopters 

The literature recognizes various benefits generated by the adoption of 3DP technology. On first 

place this technology enhances the company’s creativity level because the technology itself is 

pretty flexible for experimenting. However, specific benefits identified with the use of 3D 

printers are rapid prototyping i.e. shorter lead times, significant cut on costs (primarily 

prototyping-related costs), better inventory management (producing products on demand instead 



63 

 

 

of keeping big stock in-house), highly customized and complex product design, less 

transportation costs, environmental benefits i.e. reduced ecological footprint.  

In practice, the empirical data has shown that adopters recognize most of the benefits identified 

in previous studies. According to the interview data, the biggest benefit which is mostly 

recognized as a relative advantage by most of the adopters is the ability and flexibility of the 3D 

printers to create highly customized complex product designs which otherwise would be 

impossible to create by some other technology. The product design is recognized by the adopters 

as an advantage that makes them be competitive in their domestic market.  

Significant cut on costs wasn’t identified by the interviewed adopters as they didn’t find this 

technology substantially cheap to operate if applied for purposes other than prototyping. 

Nevertheless, the operational costs still have been relatively lower than previously when used 

conventional technology methods. 

“In some case the quality is less but the costs are small so it is acceptable. For the lead time if 

we compare some parts can be produced much quicker with new design but it is still arguable as 

it is not always the case.” 

(Company G) 

Even though the data showed that most of the adopters use the 3DP technology for prototyping 

purposes rather than for production, atypically, most of the respondents have recognized 

inventory management benefits that come along with this technology. The adopters find 3DPT 

very flexible and beneficial in terms of inventory management because they produce products on 

demand with minimum or zero inventory in stock. 

“You can print anything on demand. You don’t need to keep anything in stock. Previously you 

had spare parts and you keep them in stock. Now you print everything by demand.” 

(Company F) 

Regarding the lead time, adopters identified the short lead time as another benefit coming with 

the 3DPT as it enables them to test quickly and produce prototypes with complex designs in 

relatively shorter time. Yet, shorter lead times haven’t been evident in most times because for 

certain designs 3D printing process could take several days which in essence makes this benefit 
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arguable. In other words, shorter lead times haven’t been clearly identified as an absolute benefit 

but more as a relative one depending on the case design.   

“Let’s say that there are companies that have already made products but some make the whole 

products new…But it can take from few days to several weeks if done from a scratch… So it 

depends but usually yes, the lead times are shorter.” 

(Company B) 

Regarding the reduced transportation costs and environmental benefits, adopters didn’t find such 

benefits. In other words, they didn’t find such benefits coming with the 3DPT adoption. Yet, that 

doesn’t mean such benefits didn’t exist but rather weren’t identified as critical for the adopter’s 

market competitiveness.  

4.7 3DPT challenges for the Finnish adopters 

Apart from the numerous benefits, adopters have identified certain challenges that they come 

across with the adoption of the 3DP technology. One of the biggest challenges that adopters have 

recognized in the 3DPT is the adoption process itself. Regardless of their previous technological 

experience, still they have encountered series of difficulties to fully integrate the technology 

within their main operations at a time. In other words, the lack of in-house expertise has been 

identified as the most common business challenge for most of the interviewed adopters.  

Furthermore, additional challenges that adopters have identified were related specifically to the 

limitations of the 3DPT. More specifically, the identified technological limitation referred to 

slow printing speed if used for production purposes. Adopters identified the limited ability of the 

3D printers to print i.e. produce fully ready products in a short time. In addition to that, adopters 

identified the 3DP technology unable to meet certain production volumes. More precisely, they 

found 3DPT unable to reach economies of scale i.e. unable to produce increased volumes at a 

low cost.  

“Of course, you are also limited in production units. You can’t produce too many as the 3D 

printing is a rather slow process.” 

(Company B) 
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Related to the latter ones, the adopters recognized technological limitation not only in production 

volumes but also limitation in product size dimensions. Adopters found 3D printers able to 

produce customized complex product designs yet limited to certain dimensions. Close to this 

limitation is the final look of the printed product, which is often a look of product with rough 

surface. Therefore, adopters find it necessary to apply post-processing of the product i.e. 

refinement of the product surface in order to have smooth look.  

“Well to be honest, there are many of them. But from a technical perspective AM is still limited 

technology when it comes to mass production. I mean, you can’t produce thousands and 

thousands of units of a product, or you can but it will take forever. But in generally, this 

technology makes it impossible to produce large volume. That’s why we use it more for 

prototyping purposes…” 

(Company D) 

“But if you talk about quality as an added value then you can’t talk about costs i.e. you can’t 

have high quality with low costs because the high quality as an added value is not necessarily 

cheap.” 

(Company C) 

In generally, these 3DP limitations are closely related to the product quality, as adopters are 

aware that good product design can’t be produced quickly at a low cost and in large volumes. In 

practice it is possible but in absence of high quality. In other words, one can’t high quality 3D 

printed products if produced at substantially low cost for fairly short time.  

Finally, adopters have identified the high operational costs are big challenge coming out 

throughout the 3DP application process. Even though adopters have recognized 3D printers as 

relatively cheap technology when applied for producing prototypes or small product-quantities, 

still they have identified high operational costs coming along with this technology when applied 

in high-quality end-product production. The high operational costs were mainly identified as 

increased energy consumption costs as well as increased material costs. Therefore, they 

recognize the 3DPT as very flexible when it comes to customized products but not closely 

associated with high quality products. 
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Table 3. Benefits and Challenges for the Finnish 3DPT adopters 

Benefits Challenges 

Reduced lead times Lack of in-house expertise 

Reduced prototyping costs Limited production in large volumes 

Inventory optimization Limited product size 

High product customization Limited product quality 

 

(Source: Author, 2018) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



67 

 

 

5 DISCUSSION 

This chapter gives a thorough discussion of the empirical findings in relation to the theoretical 

findings previously discussed in the Chapter 2. The discussion chapter gives an explanation of 

how Finnish businesses adopt the 3DP technology and what impact this technology has left on 

their business. In addition, this chapter gives an understanding of the current 3DPT maturity 

level in Finland.  

5.1 How does 3DPT impact the business of the Finnish adopters? 

Undoubtedly, companies become competitive on the market by developing new products and 

delivering them on-time to the customer. One mechanism to achieve that is to apply rapid 

prototyping for gaining the demanded product design features and delivering them in a short time 

without being dependable on suppliers. Hereby, companies recognize the need to use 

technologies that are fully compatible with their needs for rapid prototyping. Finnish SMEs 

recognize the 3DPT as very compatible technology because it has the ability to create prototypes 

within hours compared to the traditional technology which needs sometimes weeks or months. 

The easy access to 3DPT enables Finnish businesses to repeat their iteration cycles and to 

quickly achieve improved results in the product development process. 

Based on previously discussed literature and on the empirical results of this study, one can come 

to an understanding that 3DPT slowly becomes technological imperative for some industries in 

Finland if taking into consideration the various benefits that the current Finnish adopters 

recognize in this technology. Indeed, it is very important, especially for the early adopters, to 

fully understand the various benefits of the 3DPT before making the decision for adoption. As 

the research results showed, 3DPT impacts the business strategy of the adopter-company and 

helps gaining competitive advantage, growth and efficient operations in the entire supply chain. 

Respectively these benefits can be classified into three main categories: efficiency, growth and 

transformation. 
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Figure 10. 3DPT impact on the business (Source: Müller, Karevska, 2016) 

Companies achieve efficiency in their operations and efficiency of the entire supply chain with 

the adoption of 3DPT. In this regard, 3DPT can be considered as an efficiency strategy because it 

can be used as an efficient and less risky option to create prototypes in the product development 

phase with reduced time-to-market and cost-effective operations (Müller, Karevska, 2016). The 

operational efficiency of the 3DPT was identified by the Finnish SMEs through their efficient 

manufacturing processes and high technology utilization. Finnish SMEs have identified the 

3DPT with fairly low engineering and maintenance costs.  

In that context, targeted applications of the 3DPT can lead to optimization of the supply chain 

and even entire redesign of it because companies become able to produce at the point of demand 

which not only increases their demand responsiveness but also optimizes their inventory 

management and ultimately reduces their transport costs (Müller, Karevska, 2016). Eventually, 

this principle leads to supply chain redesign and contributes to rethink the after-sales strategy of 

a business. Those new after-sales business models are enabled with the outsourcing of the 

services to third party service-providers which are relatively new entrants in the market. 

Evidence for this are the different respondent profiles involved in this study among which was a 

Finnish after-sales provider of digital spare parts that offers to the end-customers printed parts 

locally through other 3DP service providers.  

Even though the empirical research results primarily associated 3DPT with prototyping 

applications with not significant manufacturing application, the theory still recognizes the real 

benefit of this technology when applied for direct manufacturing of end-products and 
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supplementing components. The theory recognizes this 3DPT benefit because it enables 

companies to optimize their product design and gain added customer value on their existing or 

new designed products (Müller, Karevska, 2016). Consequently, such flexibility in technology 

applications and the high degree of product personalization open new markets and lead toward 

exploring new customer profiles. In this context, this can be seen as a potential growth strategy 

for the Finnish SMEs because it opens additional sources for them to generate revenues and 

ultimately achieve bigger profits.  

Although these elements generate an added value for the customer, researchers accentuate that 

3DP adopters shouldn’t solely rely on their ability to produce complex design structures and 

highly customized products but also should emphasize their product quality and rethink their cost 

structure which altogether affects the growth performance mainly reflected in the final profits 

(Müller, Karevska, 2016). However, the empirical research showed that Finnish 3DPT adopters 

don’t see the high product quality in combination with low operational/production costs, 

especially when it comes to direct manufacturing, despite the fact that vast literature links those 

two. In fact, the empirical research showed that Finnish 3DPT adopters consider the 3DP 

technology not suitable for mass production of high quality products at this point. Therefore, 

currently they mainly apply it for prototyping purposes. 

Finally, 3DPT adoption not only helps a business to achieve operational efficiencies and growth 

but also transforms the business by creating exclusive product portfolios and back-up operation 

models which in essence create opportunities for entire new business models. With 3DP 

technology adoption companies become more design-oriented and also step further in the world 

of digitalization (Müller, Karevska, 2016). However, the creation of new business models has 

been discretely recognized by the 3DPT adopters as they reposition their value-chain by 

transforming the value from manufactured product designs to digital product designs. In other 

words, 3DPT for Finnish SMEs is identified not only as an instrument for testing and production 

but as a potential fundament to build competitive advantage.  

Therewith, the research results identified the 3DP technology as an instrument for generating 

added value to the business in a form of: 1. Quality; 2. Customization; and 3. Complexity.   
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Figure 11. 3DPT generated added value (Source: Author, 2018) 

It is critical to underline that having only positive attitude and taking initiative to adopt the 

technology are not enough for success of the adoption process but it is also important to fully 

integrate the technology into the business operations. For this purpose, it is also important for the 

potential adopters to go through phases of attentive planning in order to establish integrative 

systematic process of implementation phases which ultimately can generate results such as 

quality, added value, customization and product complexity. 

Such systematic planning of 3DPT integration in the business operations wasn’t evident in the 

empirical data. Nevertheless, the empirical research showed that Finnish 3DPT adopters 

constantly look for knowledge upgrade and technology-related advice which currently makes 

them vital for diffusion of the 3DP technology in a broader scope. As the literature showed and 

the empirical data has confirmed, the interviewed Finnish SMEs identify themselves as early 

adopters but also as future potential role models because with their dedicated and persistent 

applications of the 3DPT they go in for decreasing the uncertainty of this technology and settling 

down a whole new business model structure for the early majority that is yet to come.  

5.2 Maturity level 

The maturity level of the interviewed 3DP adopters has been also analyzed through the entire 

research for which purpose was adopted the 3DP maturity model by EY (Figure 11). Using the 

3DP maturity model, the adopters were analyzed in four different areas: 1.Strategic direction; 2. 

3DP integration in the organizational processes; 3. Technological enablement and 4. Measurable 
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values. Based on the research results and following the 3DP maturity model, the analysis showed 

that Finnish SMEs are still at maturity level 1 & 2. Although most of the adopters have 

established clear processes for 3DPT implementation in their business operations, still there are 

some companies which struggle to understand the relevance of the 3DPT for their business. 

 

Figure 12. 3DP maturity model (Source: Müller, Karevska, 2016) 

Particularly, the analysis showed that most of the adopters are at maturity level 2 because they 

use the 3DPT for experimenting and testing purposes i.e. for prototyping. At this maturity level, 

the data showed that all initiatives are mainly taken by the top management who support the idea 

for 3DPT adoption by investing in it and trying to understand its proposed value. Even at this 

maturity level, this research can’t completely confirm that the interviewed adopters have clear 

strategic direction because in generally their focus is on gaining experience with the technology 

and combining it with other sub-technologies for product and components redesign. The 

heterogeneity of the sample size used for the purposes of this research i.e. respondents with 

different business profiles showed that the 3DP technology impacts on the creation of different 

business models that are mutually interactive.  
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Hereby, this research insight is crucial analytic indicator for maturity level 2 as it shows that at 

this stage Finnish 3DPT adopters cooperate with different service providers related to the 3DPT 

and exchange experiences or outsource certain operations to those that possess the necessary 

skills. In this regard, their own use-cases are actually their first measurable results which identify 

the real 3DPT values and performance management. 

On the other hand, there are still 3DPT adopters with no previous experience or extensive 3DP 

technology knowledge which certainly puts them at maturity level 1. Those are companies with 

no specific strategic direction because the top management has little understanding of the real 

values of the 3DPT. As previously discussed in the analysis of the research results, companies 

have no 3DP experience due to limited awareness of this technology but also due to lack of in-

house experts. If the first one, limited awareness, can be solved easily by persistent information 

upgrade on 3DPT, the second one, lack of in-house experts, can be challenging to solve easily 

because 3DPTdiffiusion hasn’t happened yet. Consequently, at this current point of time it is not 

easy to find plenty of available qualified personnel who can recognize the 3DP benefits and 

utilize the technology’s capabilities in a prioritized manner. 
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6 CONCLUSION 

The chapter gives summarized conclusion of the theoretical and empirical findings on the 

importance for adoption of technological innovations and their impact on the business. The 

chapter defines the managerial implications of this research and acknowledges the research 

limitations. Finally, the chapter gives recommendations for further research. 

For the past half-decade, additive manufacturing, especially 3DP technology has accelerated its 

development by rapidly maturing from prototyping to powerful manufacturing technology which 

nowadays drives a whole new industry. The research showed that there are various 

technological, organizational and environmental factors that influence the decision to adopt the 

3DPT but in essence their adoption decisions are influenced by the perceived 3DPT usefulness 

and perceived ease of use of this technology in addition to the internal organizational factors. 

Hence, no significant influence of any external factors has been identified at the Finnish 3DPT 

adopters. The benefits of 3DPT adoption are various but mainly recognized by the Finnish 

adopters in terms of high customization, complex product design, cost-effectiveness (only for 

prototyping), high responsiveness due to reduced lead times and improved product quality which 

all generate added value to the end-customer and consequently contribute for improved business 

performance.  

As the research participants indicated, the accelerated development of the 3DPT has created a 

whole new industry which allowed new entrants to the market and generated many different 

players in the same one. Thus, if considered in terms of market share, the market is consolidating 

actively as many new start-ups enter the market by offering new sub-technologies, supplying 

materials and offering other related 3DPT services which altogether contribute to the growth of 

the national industry.  

However, there are various challenges that potentially can hinder the 3DPT efficiency and may 

become obstacles for achieving the business’ objectives which are mostly profit-driven. More 

precisely, the lack of in-house expert skills and low awareness of the real values of the 3DPT are 

common start-up challenges for the Finnish 3DPT adopters as they have no strategic direction 

and no established integrative system for implementation of the 3DPT in their operational 

processes. Furthermore, the research shows that the number of direct 3DPT manufacturers is 
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expected to grow rapidly with the entrance of many 3DP low-cost manufacturers offering low 

quality products. However, those are expected to operate only for the short-run because for the 

long-run the lack of expert technological skills and limited business knowledge will constrain 

their long-term existence.  

Currently, Finnish SMEs are in their initial maturity stages as they explore the various benefits of 

the 3DPT and mainly experiment with it for prototyping purposes. Therefore, they can be 

identified as early adopters who try to reduce or eliminate the uncertainty factor of the 3DPT as 

an innovation but at the same time they are not efficient enough in the exploitation of their 

technological opportunities. Moreover, the Finnish 3DPT adopters don’t follow any specific 

planned integration process for implementation of the 3DP technology in order to identify its real 

impact on their businesses. However, according to the respondents of this research, this maturity 

level of 3DPT diffusion is expected to change soon with the coming of the early majority 

adopters. Yet, they believe that the early majority will have neither strategic direction nor 

organized implementation process of the 3DP technology in their operations which are necessary 

for positive impact on their business performance and ultimately for boosting the national 

economy.   

6.1 Managerial implications 

Additionally, this research has managerial implications, especially for countries like Finland 

where SMEs drive the entire national economy and yet underperform on the global market. First 

of all, this research aims to create awareness of the 3D printing as a technological innovation and 

its potential for prosperity on firm and industry levels. If the current early adopters in Finland 

reduce the uncertainty factor to the minimum or completely eliminate it, then 3DPT will take 

step further in the Finnish manufacturing industry. Examples to follow are the Asian countries 

like South Korea, Taiwan, Japan and Singapore which recognize not only the current value of the 

3DPT but also are able to predict the future one.  

Secondly, this research aims to help all new adopters should identify the areas where 3DPT can 

bring the most added values. In this regard, companies should first identify their business 

strategy, product portfolio and all challenges they face in their operations before adopting the 
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3DPT. This may include efficiency analysis in order to determine which operations have the 

highest loss and to define the product redesign that can bring the highest added value to the end-

customer.    

Thirdly, this research aims to help all current and future 3DPT adopters to apply integrative 

systematic implementation process with attentive planning along with all transformational 

operations for ensuring successful execution of the 3DPT adoption process. Such systematic 

planning can help the new adopters to consolidate and prioritize their business operations and 

also can lead to certain organizational transformations that may affect the business model and 

company strategy. Nevertheless, such organizational transformations are essential for successful 

integration of the 3DPT in the system operations. Eventually, adopters should apply integrative 

systematic planning along with all necessary organizational changes for successful 

implementation of the 3DPT in their new operating business models.  

6.2 Research limitations 

This research aimed toward non-biased results in order to undercover the 3DP technology 

adoption of the Finnish SMEs and to understand how particularly this technology impacts their 

business. Yet, this study had several limitations. First limitation of this research is the 

representativeness of the sample size. Since only eight FIRPA member companies were 

interviewed the extracted interview data may not be representative enough for defining the 3DPT 

adoption process and the actual maturity level of all 3DPT adopters in Finland. Therefore, this 

research can’t make a generalization of the research findings. Second limitation of this research 

is the subjectivity. Particularly, the narrowed focus on 3DPT as the main technology of interest 

might have been a biased choice of the researcher due to personal preference of this particular 

technology. Thirdly, the instrument used in this research might have been insufficiently adjusted 

for extracting large scale of reliable data. Since this is an explorative research which has used 

abductive research method, interviews were considered as the most suitable instrument for 

gathering data. Yet, there is room for threat that this research may be missing supporting data 

which otherwise could have been extracted using other research instruments. 
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6.3 Recommendations for further research 

Based on the previously mentioned limitations, there are few recommendations for further 

research. Firstly, this research may bring better responsiveness if larger sample size is included. 

Assumingly, for that purpose may be needed longer time frame to collect larger-scale data but 

also some financial resources may be necessary to collect bigger data. Furthermore, other 

research instruments may contribute to the validity and reliability of the research data. For that 

purpose, in addition to the interviews, it is recommended to use data triangulation and collect 

data in different settings as for instance by using observations, experiments and/or quantitative 

instruments such as surveys or questionnaires. That way the adopters’ maturity level can be 

measured more precisely with a wider generalization of the results. Also the real impact of the 

3DPT can be understood in more practical details if observations and experiments are conducted. 

Finally, it may be critical to compare the 3DPT with a particular traditional technology in order 

to understand more in-depth the factors, motives, benefits and expectations of such technology 

switch.  
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APPENDICES 

Appendix 1. Codes 

GENERAL CONCEPTS 

RP – rapid prototyping 

DT – design thinking 

3DP – 3 Dimensional Printing Technologies 

AM – Additive Manufacturing 

CRITERIA FOR MARKET COMPETITIVENESS 

CCAP – company’s capabilities to reach market competitiveness 

QLTY – quality 

CST – cost 

PRF – performance or delivering results 

TECHAD – technology adoption 

BENEFITS 

BEN - ST – producing prototypes in a short time 

BEN - QT – producing prototypes for quick testing 

BEN - PIM – improving on-time prototype/product parts 

BEN - EC –enhanced creativity 

BEN - CC – cut on costs 

BEN - RLT – reduced lead time 

BEN - IMP – save on space and cost on inventory management 
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BEN - SCP – upgraded management of product warranties and repairs 

BEN - LOCP – localized production 

BEN - TC – decreased transportation costs 

BEN - DFLEX – design flexibility advantages 

BEN - DCPLX – design complexity advantages 

BEN - PRCUS – product customization 

BEN – ENVIR –environmental advantage 

CHALLENGES 

CH – HOC – high operational costs 

CH – TECHLIM – technological limitations in terms of production/manufacturing speed (slow); 

ability of reaching economies of scale (low); production/manufacturing of products in large sizes 

(very limited) 

CH – BUS – business challenges such as infringement of IP rights and lack of in-house expertise 

TYPES OF 3DP CONSUMERS 

3DT – 3D thinkers 

3DCC – 3D creative consumers 

3DD – 3D designers 

3DI – 3D inventors 

FACTORS - TECHNOLOGY CATEGORY 

F - SIMU – possibility for simultaneous use of different AM technologies 

F - RA –relative advantage 

F - COMP - compatibility 
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F – CMPLX – complexity 

F – TRLB – trialability 

F – OBSR – observability 

FACTORS – ORGANIZATION CATEGORY 

F - INI – established initiative for technology adoption 

F - ATUS – attitude toward using a system 

F – TMS – top management support 

F - ORGCH – organizational change 

F - PROEXP – prototyping experience 

F - ORGRDN – organizational readiness 

F – CS – company size 

FACTORS – ENVIRONMENT CATEGORY 

F – MSC – market scope 

F –IND –industry 

F - CPR – competitive pressure 

F - EXTSPP – external support 

F - SCL-SCP – scale & scope dilemma 

INNOVATION ADOPTER CATEGORIES 

IAC - INN – innovators 

IAC - EA – early adopters 

IAC - EM – early majority 
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IAC - LM – late majority 

IAC - LGG – laggards 

ADOPTION 

PEU – perceived ease of use 

PUS – perceived usefulness 

PRE-IN – pre-installation (planning and justification) 

INSTCOMM – installation and commissioning (acquisition, installation and start-up) 

POCOMM – post-commissioning (monitoring and evaluation) 

ADT - INVS – investment made in technology 

ADT - NETC – network creation 

ADT - IMPL – implementation of technological innovation 
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Appendix 2. Informed Consent 

 

 
 

Informed Consent for participation in an academic research 

 

1. This study is an academic Master’s Thesis research that explores the adoption of Additive 

Manufacturing i.e. 3DP technology and its impact on the business. This research aims to identify the 

key factors that influence adoption of 3DP technologies from technological, organizational and 

environmental aspect; to explore the values and limitations from the adoption of this technology; to 

identify the characteristics of the current adopters of AM technology; to identify the gaps between 

theory and practice and to provide managerial implications for future implementation.  

2. This study involves 20 participants (20 FIRPA member organizations). The selection of the 

organizations is random.  

3. Interviews are conducted with different type of representatives of the selected companies (mainly the 

top management). The interview protocol consists of two parts. The first part has questions regarding 

the company’s background and characteristics. The second part of the interview protocol has questions 

regarding the adoption of 3DP technology and its impact on the business from different aspects. The 

interview takes approximately 30-40 mins. The interview will be recorded and the interviewer will 

take short notes during the interview process.  

4. There are no foreseeable risks, discomforts or costs for participation in this research.  

5. This research is expected to bring benefits to the participants by providing managerial suggestions but 

also for the future 3DP adopters.. 

6. With respect to confidentiality, the identity of the interviewee and any other sensitive data related to 

the company will not be revealed. The recordings will be destroyed a week after their transcription. 

The data from the interviews will not be used for other purposes without participant’s permission.  

7. The participation in this research is voluntary, which means that you have the right to refuse to 

participate or to discontinue the participation at any time without any penalties or potential losses of 

the benefits to which you are entitled.  

8. In case you have any questions regarding the research or concerns about your participant rights you 

can contact Stanisha Miladinov at: 

Phone number: +358449496165                           email: stanisha.miladinov@student.lut.fi 

                                                                                          miladinovstanisha@gmail.com 

                                                                       Participant’s signature: ___________________ 

                                                                                                  Date: ____________________ 

mailto:stanisha.miladinov@student.lut.fi
mailto:miladinovstanisha@gmail.com
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Appendix 3. Interview Questions 

1. Describe your company (company size; organizational structure; product/industry, 

business strategy, values, history etc.)? 

2. How often do you innovate (product, production process, technology etc.)? 

3. Explain your previous prototyping experience and how does it relate to the adoption of 

3D printing? 

4. How was/is 3DP supported by your top management? 

5. Explain the value of the 3DP technology in terms of quality, cost, performance and 

technology used in it? 

6. How long do you use 3DP for prototyping purposes? 

7. What factors influenced your decision to adopt 3DP as a prototyping method? 

(competition; customer demands; prototyping culture i.e. access to resources, materials 

and tools; technological experience & knowledge) 

8. What was your organizational readiness when you decided to adopt 3DP technology 

(employees’ technical knowledge and ready capital to invest)? 

9. How do you explain the advantage of using 3DPT (AM) vs. traditional prototyping? 

(Relative advantage) 

10. How does 3DPT respond to your customers’ needs? (Compatibility) 

11. How complex was AM for you to adopt it? (Complexity) 

12. Explain the extent to which you experiment using 3DPT technology when prototyping? 

(trialability) 

13.  How was your decision to adopt AM in the prototyping phase influenced by the results 

of the other 3DPT adopters? 

14. How does 3DPT impact your business strategy? 

15. How does 3DPT impact your competitiveness? 

16. Was there any external support (support outside of your company) that influenced your 

adoption of 3DPT? 

17. What benefits have you gained by using 3DPT in your prototyping? (cut on costs; shorter 

lead times; reduced capital intensity) 

18. What challenges have you encountered before the adoption process, during the adoption 

process and afterwards? 
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19. Could you describe the current 3DPT maturity level in Finland? 

20. Where/How do you see your company in relation to 3DPT technology in the next 5 years 

timeframe? 
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Appendix 4. Interview transcription and coding 

 

A: Tell me more about your company? 

B: I’m second generation of family company. 20 people 10 million euro.  

We have subsidiary in Estonia. We have been delivering different kind of  

metal production systems…Now this 3D printing is the newest offering  

we have.  We also offer related services like maintenance, installation etc…We also sell those 

metal powders necessary for the 3D printers. 

A: So, in this context, how often do you innovate?  

B: We try to innovate as often as possible…We try to do our task more  

intelligently. Personally, I try to get as much as possible feedback from  

our customers and our employees and I try to find what kind of solutions are available and 

possible to those needs//requests or problems…This is kind of continuous process. We get new 

machines so we try to keep up with.. 

A: Basically, you don’t innovate in vacuum, but rather explore innovations on-field by 

constantly seeking solutions, following new trends in the market, looking up at the competitors, 

trying to understand the customers needs etc.  

B: Yes, I definitely, try to understand the customers’ needs and their future needs and seek for 

solutions compatible to those needs. 

A: As Prototyping is the narrower topic of this research…Do you have certain process for 

prototyping…Particularly this refers to your customers? 

B: For example, 3Dstep or VTT are our customers. They use our machines and do prototypes for 

themselves.  

A: How did you come up with the idea to start selling 3D printers? 

SME 

SME which has adopted AM (3DP). 

Innovation doesn’t happen in a 

vacuum but rather by involving all 

relevant stakeholders. 
F - PUS 

Initiative for new technology 

adoption. Particularly initiative for 

adopting 3DP technology. 

ADT-INI 

F - PUS 
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B: It was like 5-6 years ago, I read a book where small part was about  

3D printers which got my attention after which I started investigating  

this field by reading articles and related literature for 3D printing.  

This obviously has become interesting to me as our company by that moment was selling parts 

for metal leg shops and then I thought maybe we should consider 3D printers as this is a big 

prediction for the future production of many products… Also I started thinking that maybe there 

will be no metal leg shops in future as everyone will stop using them or won’t be produced 

anymore...So I started to travel around and visit some seminars and some exhibitions to 

understand what was all this about...and I started to understand that these machines work with 

different kind of material and can be used for different kind of products…So, as we have been 

always working with metal, so I decided that this metal can be also used as a material for us…so 

I found this solution. 

A: Did you feel like there was some pressure from your competitors, so you sort of recognized 

the need to use//now sell this kind of technology? 

B: NO! There was so much competition in Finland… 

I know there was one AM Finland which just started with  

AM solutions but there wasn’t really any market for AM technology  

5 years back. It was more like I felt that this will be the future market so I felt like this will be 

good to be among the first to begin.. 

A; Have you had any insight from a customer for instance demanding very complex product 

design so that it made you to think of 3D printers adoption? 

B: Ahm, yeah! I was quite impressed of the place where was some exhibition and also the 

process was very interesting to me because we’ve been selling those kind  

of metal machine tools since 1992 and like I said, I have seen how metal  

parts are produced and I realized that such parts can be produced in a  

The competitive pressure wasn’t seen 

as crucial factor for adoption of AM 

technology 

F - CPR 

3D innovator who recognized the 

relative advantage of the usage of 

this technology. Aware of the current 

adoption level in of this technology in 

Finland which categorizes as early 

majority. 

IAC - EA 

F - RA 

3DI 
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different way in future...So, I just felt this just will be a big thing when the  

technology really comes to an advance state here in Finland, then this will be  

the new way to do it..But I was aware that it won’t come over night but it will definitely take 

some time for the market to mature enough (at least some 10 years or so). 

A: Obviously this is 3D printers is not really a new thing, but still in Finland  

is not that popular for the majority…Yet, how was in the beginning  

of the adoption of this technology? Was it easy to start? Was it easy to  

find the necessary materials for producing parts with 3D printers? 

B: We were selling powder before, so that wasn’t a problem for the start. 

A: How ready were you at the stage when you decided to adopt this 

 technology? 

B: I’m the only responsible for sales, but there are few other people responsible for sale of 3D 

printer spare parts..(team of 5-6 people) 

A; Was it easy to train the sales people? 

B: It is too complicated to sell..Everything is new to the customer.. 

They don’t know anything about these machines, they have never used them  

and it is in generally very long process. But we have been training the  

customers a lot and we keep an emphasis on that.. 

We constantly update them with all new information. We also try to learn from our customers 

who are using our machines by visting them and trying to understand what are they doing with 

the mahcines and what are trying to produce after which we seek for technical and training 

information that would help the customers use the machines in more effective way. 

A; What are the advantages of this AM? 

Previous prototyping experience 

led to higher level of perceived 

ease of use of 3DPT. In other 

words it was easy to start using 

this technology due to previous 

prototyping experience.   

F - PEU 

F - ORGRDN 

ADT - ORGCH 

BEN –ST 

BEN – EC 

BEN –RLT 

BEN – 

PRCIS 

BEN – 

DCPLX 

 

 

Organizational readiness 

wasn’t on a high level when 

adopting AMT, yet it is an 

important factor as it 

influences the overall 

performance in the usage of 

the 3DPT and affects the 

business competitiveness. 
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B: For prototyping is very fast to produce complex parts not possible to  

produce with other manufacturing methods. Also, I think sometimes  

you can develop your own materials and also use materials in shapes  

that not possible to use with other methods. So, yeah, I think this type  

of (technology referred) innovation is very big advantage because you don’t need any kind of 

other extra tools…You have a complete freedom of design.  

A: Do you work only with Finnish customers? 

B: We work with Finnish but also with few international customers. 

A: Do you have an idea how often your customers innovate using these  

3D printers? Do they have one particular design that they use all the time  

or they experiment constantly with the printers? 

B: These companies are different.. The are some with serial production  

jobs which most of the time produce 1-2-3 parts and it is kind o 

f prototyping with some minor modifications but also producing new parts (yet not so much in 

production). 

A: Do you feel your customers had pressure from competitors to adopt this technology? 

B: I think at the moment they understand the adoption of AM technology more as a 

competitive edge...So it is not yet there to have competitor pressure for  

adopt this technology, but I think soon it will go to this direction as the  

number of companies using 3D printers is growing constantly. But still the competitors that 

Finnish companies recognize are companies outside of Finland, such as German  

Design complexity, quick testing and 

short lead time are seen as among 

the greatest benefits of the adoption 

of 3DPT. 

AMT used for minor modifications of 

certain product parts rather than for 

manufacturing purposes. Yet, that 

shows the attitude of an organization 

to rethink their product design with 

the adoption of AMT. 

F - ATUS 

3DT 

BEN - CEDG 

Companies tend to achieve 

future market 

competitiveness by fully 

leveraging their capabilities 

in the adoption and proper 

usage of the AMT. 

The Finnish market is yet 

unsaturated with #DP 

adopters, but it is 

expected to boom in the 

near period. IAC - EM 
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companies, USA companies, Swedish companies...Finnish companies are yet to come as they are 

currently more like experimenting with the usage of 3D printers than considering this technology 

essential to compete on the market. 

A: Do you have an idea how this technology impact you clients business values? 

B: At the moment they are trying to innovate by testing different kinds of material..But the 

goal of the customers is to prototype product parts with new design for future…. 

A: Would you agree that the cost-cut and the shorter lead time are the real benefit of this 

technology- according to the literature? 

B: I think both of these are correct…In some case the quality is less but  

 

the cost are small so it is acceptable…For the lead time if we compare  

some parts can be produced much quicker with new design but it is still  

arguable as it is not always the case..But in any case the final product 

 quality is related to material strength and the material quality.. 

A:  Would you then say that the cut on cost is a clear benefit of AM especially in the 

prototyping? 

B: It is very hard to say. In the prototyping there are many different kind of things. It depends 

what you want to produce. It can be faster cheaper but also slower and expensive. The most 

value comes to the design where the real benefits are visible. So the design is the key for good 

quality and later for short time once you have a clearly elaborated design and production method. 

I personally see that all companies that use AM they really need to get into the value of this 

technology for design…Companies really need to open their mind and to understand the 

potential of this technology and what gives you actually.  

Actually our customers are very technology educated but when it comes to AM they don’t know 

much about it so they need constantly to receive training on it because it is so  

BEN – 

PRCUS 

BEN - 

DCPLX 

Cut on costs and shorter lead times 

are seen as additional benefits 

coming out of the AMT adoption. Yet, 

regardless of these benefits, for the 

company’s market competitiveness it 

is more important to maintain high 

product quality rather than having 

products quickly produced at a low 

cost. 

QLTY 

CST 

PRF 

BEN – CC 

BEN - RLT 

F - EXTSPP 
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different than the old style of prototyping machines and methods. 

A: So basically the benefits of this technology can be different and can  

depend on the industry i.e. product type…Are there actually companies 

 that use AM for actual production? 

B: Yes, there are some companies.  

A: Do you have an idea if your customers are sort of support by the state to use AM in their 

operations? 

B: There us EU support i..e grant..but it depends where are you located..I 

n finland in some areas like Lappeenranta this support is given (financialy). Also technical 

support is given to companies to start using this technology..Of course 

 TEKES is here also for financial support.. 

A; Do you think this kind of support has actually motivated the Finnish companies to adopt AM? 

B: Yes, I think it actually did and still does…But it really depends where are they located 

because not in every area in Finland this support is provided.  

A: What challenges do you recognize with the adoption of this 

 technology? 

B: Well to be honest, there are many of them. But from a technical  

perspective AM is still limited technology when it comes to mass  

production. I mean, you can’t produce thousands and thousands of  

units of a product..or you can, but it will take forever. But in generally, this technology makes it 

impossible to produce large volume..That’s why we use it more for prototyping purposes…And 

as I said previously, in reality companies don’t have much the necessary skills and full 

In the implementation phase, it is 

important for a company to 

understand not only the evident 

benefits of the technology but also its 

future potential. Companies have to 

envision the possibilities that arise 

with the adoption of AMT and to 

monitor and evaluate its current and 

possibly future values and benefits 

and their correspondence with the 

organizational strategic goals. 

External support also plays crucial 

role to some extent for the adoption 

of AMT, especially in a motivational 

manner if it comes in a financial form 

of support. 

Technological and business 

challenges are very common case at 

companies which are new or so-

called early adopters of AMT as they 

lack very often in-house expertise for 

proper usage of AMT. 

CH - TECHLIM 

CH - BUS 
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knowledge or the right human resources in order to use 3D printers. They do use the 3D printers 

but very often in a poor way with lots of failures.  

A; What is the current state of the Finnish AM adopters (early majority, laggards..)? 

B: We have in Finland this history with AM..We could be much further 

 with this technology but for some reason we haven’t progressed much. 

But we are in the initial stages but I think we will progress very soon  

but for the moment in the early stage.  

A: Do you see that progress in growing the number AM adopters or just  

progress in the usage of AM by a limited group of AM adpoters like for 

 instance the current ones? 

B: I think in both...In number of adopters and level of AM usage. 

 

 

 

 

 

 

 

 

AM i.e. 3DPT is not new to Finnish 

companies, despite its incremental 

usage at the current stage. However, 

the number of AMT adopters is 

expected to rapidly increase in the 

coming few years. 

IAC - EM 


