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The Potential of Additive Manufacturing for Technology Entrepreneurship – 

An Integrative Technology Assessment 

 

Abstract 

Additive manufacturing (AM) is likely to contribute considerably to key targets of innovation 

policy such as employment, R&D and education. The expectations of those engaged in AM, 

such as providers, users and policy makers, regarding the potential of this technology 

influence its future development and, thus, create opportunities for technology 

entrepreneurship. Therefore, these expectations need to be researched so that opportunities for 

technology entrepreneurship can be identified. Based on prospect theory, we employ an 

integrative approach to online-based technology assessment. This enables us to compare the 

perceptions of AM’s potential that emerge from a discourse among experts involved in the 

development of this technology (our constructive technology assessment, CTA), to the 

perceptions of policy makers and the general public on the status quo of this technology (our 

traditional technology assessments, TTAs). Using the outcome of our CTA as a reference, a 

comparison with our TTA results derived from the policy makers enables us to identify the 

need for action regarding the allocation of public resources. Further, the comparison of the 

outcome of our CTA with the TTA derived from the general public shows the need to 

establish a public opinion on AM that legitimizes AM-related innovation policies. The 

approach of an integrative technology assessment proves useful, since we can deduce 

concrete recommendations for action on innovation policy based on our empirical findings. 
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Introduction 

As early as 1984, Chuck Hull of the 3D Systems Corporation presented the first working 

additive manufacturing (AM) system, which was commercialized only five years later. 

However, in spite of its practical importance within certain communities, such as medicine 

and prototyping, AM, which is a “process of joining materials to make objects from 3D model 

data, usually layer upon layer” (ASTM International, 2012, p. 2), has only recently attracted 

greater attention from policy makers and the general public. Recent spectacular reports of 

organs and artificial meat produced with AM have given impetus to euphoric predictions, e.g. 

that AM will open the door to a “new industrial revolution” (Anderson, 2013, p. 27) and to a 

democratization of manufacturing (Anderson, 2013). Driven by these expectations, shares of 

leading companies in the AM industry, such as 3D Systems (DDD) and Stratasys (SSYS), 

have rallied extraordinarily. Likewise, national (e.g. US and Chinese) and supra-national (e.g. 

the EU and the OECD) innovation policies have devoted significant resources to AM, hoping  

that AM will offer attractive opportunities for technology entrepreneurship (Harms et al., 

2009, Ratinho et al, 2015).  

At the same time, voices questioning the bright future of AM as a panacea for the 

economy and society are getting louder (Citron Research, 2013). AM seems to have moved in 

the hype cycle from the initial rush of enthusiasm for a technology's potential to a more 

evidence-based understanding of what the technology can really achieve (Fenn and Raskino, 

2008). It is argued that, while AM as a technology is almost 30 years old, it has only 

established practical relevance in a limited number of small niches, such as rapid prototyping 

and the production of casting moulds for industry, jewellery and dental applications. Key 

applications, such as the production of artificial tissue (tissue engineering), have remained at 

an experimental stage. All in all, the impact of AM on society has been small so far. Thus, an 

assessment of the potential future contributions of AM towards the meeting of societal 

challenges is needed to inform policy makers and the general public before resources are 
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devoted to its further development (Lundström et al, 2015; Marmot, 2004). However, the high 

heterogeneity of AM as a field of technology needs to be taken into account. 

The research question, more specifically, that therefore arises is which action fields 

innovation policy needs to focus upon regarding AM and which may be ignored in view of 

technology entrepreneurship. To answer this question, technology assessment (TA), aimed at 

providing insights on new technologies and their likely societal consequences (Van 

Eijndhoven, 1997), is applied. Traditional technology assessment (TTA) is an analytic 

activity, aimed at providing decision makers with an objective analysis of the effects of a 

given technology. Over time, TA has evolved towards constructive technology assessment 

(CTA). CTA is an interactive process that includes all stakeholders and aims at anticipating 

the future societal impacts of new technologies. CTA also provides a basis for formulating 

policy interventions so as to influence the development path of these technologies 

(Collingridge, 1980; Schot and Rip, 1996).  

Drawing on prospect theory, which implies that the perceptions of new technologies 

depend on the knowledge of these technologies (Kahneman and Tversky, 1979), we employ 

an integrative method of TA (ITA). This method enables us to compare the perceptions of 

AM’s potential that have resulted from the discourse among experts involved in the 

development of this technology (CTA) to the perceptions of policy makers and the general 

public on the status quo of this technology (TTA). To achieve this, we approached the 

members of the biggest German-language online forum on AM (experts), the members of the 

Austrian institutions involved in the design of the regulative framework conditions (policy 

makers), and a random sample drawn from the Austrian general population (general public). 

A comparison of the outcome of our CTA results derived from the experts and TTA results 

derived from the policy makers enables us to identify the need for action regarding the focus 

of attention and the allocation of public funds. In the ITA, we compare the outcome of our 

CTA results derived from the experts and the TTA results derived from the general public. 
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This comparison shows the need for action on the part of the experts, businesses and policy 

makers regarding the establishment of a public opinion on AM that will serve as a democratic 

legitimization of innovation policies in the area of AM.      

The survey yielded a total of 407 analysable responses. Employing an independent 

sample t-test we find that, compared to experts, policy makers have a significantly less 

positive expectation regarding the potential of AM to contribute to the Horizon 2020 

innovation policy goals (European Union, 2014) of fostering R&D and education as well as 

conserving the environment. Further, an analogous comparison with experts reveals that the 

general public has significantly less positive expectations regarding the potential ten-year 

contribution of AM to R&D and education. At an aggregated level we cannot identify 

significant differences between the expectations of the experts, and those of policy makers 

and the general public respectively, regarding the large-scale policy targets for employment 

and the reduction of poverty and social exclusion. However, a long list of single-policy sub-

targets (e.g. job creation, strengthening of innovativeness and energy efficiency) shows 

interesting significant differences at the disaggregated level.     

The results provide several contributions at the theoretical and practical levels. First, 

the development and application of an integrative approach to TA that can reduce the major 

shortcomings of using TTA or CTA in isolation contribute to a much-needed further 

development of the methods in TA, as called for by Rasmussen et al. (2007), for example. 

Second, the detailed empirical picture of the divergences of expectations regarding a new 

technology such as AM between major groups of society shows the tension that needs to be 

accounted for when designing feasible innovation policy. Third, we provide a policy agenda 

that offers concrete recommendations for action addressing these tensions for the field of AM. 

Finally, the approach we use to create an evidence-based agenda for innovation policy using 

an ITA may provide guidance for replications in other policy areas, geographical fields and 

new technologies.    
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Background and Development of Hypotheses 

Additive Manufacturing 

The term additive manufacturing (AM), or alternatively, rapid, direct or layer manufacturing 

(Breuninger et al., 2013), refers to several computer-aided processes used for the production 

of solid objects based on a digital model. AM is based on different technologies, which can be 

categorized as vat photopolymerisation, material jetting, binder jetting, material extrusion, 

powder bed fusion, sheet lamination or directed energy deposition (ASTM International, 

2012). It is increasingly being referred to as “3D printing” (3DP).  

 The first working AM system (vat photopolymerisation) was used for the production 

of prototypes. These prototypes were mainly employed for product development, industrial 

design and architecture. While the use of AM for the production of prototypes continued, 

further process and material developments expanded the range of applications. AM first 

started to attract the attention of the general public with the development of an open-source 

project called the self-replicating rapid prototyper (RepRap) in 2004. The project led to the 

establishment of a number of rapidly growing start-up companies and an increase in 

investment, media exposure and political attention.  

 Today, applications range from the production of models for hobbyists, art objects and 

spare parts, and the creation of individualized products such as prostheses and medical 

implants, to the production of small-batch series of basic consumer products and specialized 

metal parts for industry (Eyers and Dotchev, 2010; Salmi et al., 2012). The reasons for the 

wide use of AM can be attributed to the possibility of manufacturing complex structures, for 

freedom of design, and for a decrease in energy and material consumption, while achieving 

consistent stability, positive ecological and economic effects (Economist, 2012; Telenko and 

Seepersad, 2012), location-independent production, and mass customization for consumer 

goods and medical applications (Anderson, 2013; Eyers and Dotchev, 2010; Salmi et al., 
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2012). Further, the open-source project RepRap fosters open innovation.  

 However, AM does not only entail benefits. Several severe risks can arise as well. 

These risks include the uncertain execution of intellectual property rights, for instance in the 

case of lawsuits due to copyright, patent or trademark infringements (Weinberg, 2010) that 

involve severe penalties. Further, the lack of harmonization of standards and certification 

(AM SRA, 2013) might lead to poor or even noxious product quality, which might, in turn, 

increase the number of product liability lawsuits. Due to the freedom of design and the 

possibility for easily manufacturing complex objects, AM facilitates the manufacturing of 

illegal products such as weapons (Greenberg, 2012).  

 In research, the principles of AM are employed in studying the production of artificial 

tissue (bioprinting or tissue engineering), applications in the field of micro- and 

nanotechnology (Bertsch et al., 2000), and the creation of structures with embedded electronic 

circuits (Lopes et al., 2012) and buildings (i.e. contour crafting; Khoshnevis, 1998).  

 In addition to that of practitioners and researchers, AM has also attracted the attention 

of policy makers. In August 2012, the US National Center for Defense Manufacturing and 

Machining (NCDMM) founded the National Additive Manufacturing Innovation Institute 

(America Makes), styled as the nation’s leading and collaborative partner in AM and 3DP 

technology for research, discovery, creation and innovation (NAMII, 2014). US President 

Barack Obama even referred to 3DP in his State of the Union Address 2013, stating that it had 

“the potential to revolutionize the way we make almost everything” (The White House, 

2013). The European Factories of the Future Research Association (EFFRA), which is part of 

the Horizon 2020 Framework Programme launched by the European Union, highlights AM as 

a key advanced manufacturing process aimed towards growth and the creation of jobs 

(EFFRA, 2013, p. 113).  

Constructive and Traditional Technology Assessment 
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In order to analyse future technologies and their consequences, many different techniques, 

such as forecasting, foresight, roadmapping and TA, have been developed (Technology 

Future Analysis Methods Working Group, 2004). Forecasting is defined as the “prediction of 

the future characteristics of useful machines, procedures and techniques” (Martino, 1983, 

p. 2). Its aim is to provide timely insight into technological change in order to support 

corporate decision-making processes regarding, for instance, product development or 

investment in new technology (Watts and Porter, 1997). In contrast to forecasting, foresight 

does not merely include looking into the future, but the aim of taking an active role in shaping 

the future (Cuhls, 2003). By understanding the factors that will shape the future, policy 

formulation and decision making can be made more appropriate, more flexible and more 

robust (Coates, 1985). Different again is technology roadmapping, which describes a 

technology management and planning process that is used by both governments and firms to 

explore the linkages between technological resources, organizational objectives and the 

changing environment (Phaal et al., 2004; Walsh, 2004; Walsh et al., 2015). It is usually 

aimed at bussiness opportunities (Shane, 2000) and guidelines for product development 

(Hansson, 2011).These techniques have one thing in common: they typically show little 

concern for the social consequences of the technology in question. However, as technological 

innovation continually influences society (Dylander, 1980) and, at the same time, society 

accommodates, manages and redirects technological innovation (Guston and Sarewitz, 2002; 

Porter et al., 1991), an assessment of the social implications of new technologies is essential if 

recommendations for policy makers are to be derived. TA was developed to meet this need, 

and will serve as the methodological approach in this study.  

TA was originally regarded as an analytical means to identify, analyse and evaluate 

the potential secondary consequences of technology in order to provide decision makers with 

neutral, factual information on these consequences (Coates, 1975). Its main purpose was to 

fulfil an early warning function (Tran and Daim, 2008). It was thus assumed that decision 
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makers would avoid unwanted consequences by acting in accordance with the insights 

provided by an assessment of the likely future effects of a technology. However, the 

perspectives on such effects tended to differ widely among different groups. Hence, concerns 

about the impacts of new technologies expressed by citizens or action committees were not 

always in line with the views of the firms that had a stake in the development of such 

technologies, making the creation of an objective basis for decisions difficult (Lundvall, 

1992).  

Since a widely held opinion is that TA is meant to empower democratic control of 

technology (Genus, 2006; Genus and Coles, 2005), TA should be directed at legislative 

decision making, as legislature is meant to constitute a representative forum of the people of a 

given country (Van Eijndhoven, 1997). If the legislative body is approached with the results 

of TA, a link between the technical experts and the general public can be established, which 

enables the translation of technical information into public language and therefore facilitates 

the discussion of new technologies (Coates, 1987). A number of countries’ parliaments thus 

developed a desire to institutionalize TA in order to obtain balanced information on 

technologies and their likely consequences (Van Eijndhoven, 1997). In addition to that, the 

necessity of obtaining such information at an early stage in order to prevent dependence on 

the one-sided information provided by the executive branch was realized (Coates et al., 2001; 

Westermeyer, 1994). 

Initial TAs were, however, less useful than hoped, as two major issues arose 

(Collingridge, 1980). First, forecasting future effects of technology is difficult. Second, once 

embedded in society, established technology is difficult to direct. Hence, changing the overall 

direction of technological innovations was not achievable, either because the basis for taking 

decisions was inaccurate or incomplete or because the power to make the necessary changes 

was missing. The only way to react to technological innovations was therefore to adapt 

quickly to new technologies, which severely limited the early warning function of TA (Van 
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Eijndhoven, 1997). For this reason, the TA shifted its aim to the development of policy 

alternatives. One of the crucial factors in the success of this approach was the involvement of 

stakeholders in the assessment process. It was reconed that accusations of bias could only be 

avoided through the inclusion of a large number of outside persons, such as practitioners 

involved in business, environmental groups and labour unions (Procter, 1987). However, the 

technological innovation assessed was still regarded as given, thus limiting the possibilities 

for directing its development.  

Only recently a new form of TA has been introduced – constructive TA (CTA). While 

traditional TA concentrates on the assessment of likely future impacts of a given technology, 

CTA regards the dynamics of the development process of a technology as central (Schot and 

Rip, 1996). It has been shown that impacts are not only passive effects of a given technology 

on its environment, but that they evolve from the interplay of various actors, such as 

technology producers, consumers, government agencies, labour unions and pressure groups 

(Bijker and Law, 1992; Rip and Kemp, 1996; Schwarz and Thompson, 1990). Schot and Rip 

(1996) argue that all these actors influence technological developments, based in part on their 

historical experience, in part on their expectations of the future, and in part on their ideas 

regarding the benefits and disadvantages of technological change. In turn, the impacts of 

technological developments vary in different social settings. Hence, technological 

developments are not given beforehand, but are socially constructed through an interactive 

assessment and feedback process.  

CTA aims at modulating this process and can be described as “a new design practice 

(which includes tools) in which impacts are anticipated, users and other impacted 

communities are involved from the start and in an interactive way, and which contains an 

element of societal learning” (Schot and Rip, 1996, p. 255). An important part of CTA is 

establishing a dialogue between the various actors and articulating both the demand for new 

technologies and their acceptability (Smits et al., 1995). In order to ensure feedback into 
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technological development, several strategies have been suggested. One of these strategies is 

to concentrate on the interactions between the supply side (technology) and the demand side 

(society), namely by using action forums such as dialogue workshops or by creating 

platforms.  

 

Focus on the Comparison of Differences in Assessments 

The results of TA are sensitive to the groups among which it is conducted (Lundvall, 1992). A 

theory that offers an explanation for this is prospect theory (Kahneman and Tversky, 1979). 

The key argument in this theory is that a certain gain is valued more highly than an uncertain 

equal or greater gain. Similarly, a certain loss will be valued as more damaging than an 

uncertain equal or greater loss. Thereby, the gains and losses induced by the very same 

stimulus (new technology such as AM) are evaluated against the background of a future 

without this stimulus. Interestingly, when looking at the expectations of groups (e.g. experts, 

policy makers and the general population) with different levels of knowledge about a new 

technology (e.g. AM), their levels of (un)certainty regarding the gains/losses induced by this 

technology will also differ. This leads to two effects: First, the more individuals from a 

particular group know about a new technology, the more certain they will be in their 

expectations about the future effects of this technology, which in turn will strengthen their 

evaluation. Second, the more the discourse on the new technology within a group is framed in 

terms of gains, the more positive will be the expectations regarding the future effects of this 

technology. 

The group of experts in this context comprises mainly scientists, entrepreneurs and 

journalists working in the area of AM. Due to their expertise, they ascribe low uncertainty to 

their expectations regarding the future impacts of the technology. However, being at the 

forefront of the development of this new technology, the experts will perceive both the gains 

and the losses induced by AM. TAs conducted among experts who are actively taking part in 
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the development of a new technology (community members) are able to anticipate future 

societal impacts of new technologies based on the experts’ experience of path dependencies 

and their in-depth understanding of the interdependencies in the development process 

(Collingridge, 1980; Schot and Rip, 1996). Thus, TA results emerging from such expert 

communities are the most reliable predictions of the future impact of a new technology 

(Miles, 2010). Accordingly, we take the experts’ expectations as our point of reference and 

compare the other two groups’ expectations against this backdrop.  

In contrast to experts, policy makers typically have neither direct practical experience 

nor theoretical knowledge of new technologies (Guston and Sarewitz, 2002). Interestingly, 

policy makers tend to perceive only low levels of uncertainty regarding their expectations, as 

they base them on information provided to them by trusted others. However, the information 

provided by others is often influenced by their desire to promote the new technology in 

question (Fink et al., 2013). Scientists need to justify public funding of their AM-related 

research by pointing at the future societal benefits of this new technology, and entrepreneurs 

underpin their claims for subsidies by window-dressing the positive effects of future AM-

related products and services. Coates et al. (2001) and Westermeyer (1994) highlight the 

danger of policy makers being dependent on the one-sided information provided by their 

advisors and interest groups. 

Additionally, policy makers tend to be biased in their expectations about future events, 

based on their ideology (Ingram et al., 2004). The current paradigm in European economic 

policies is to frame innovation and change in terms of gains rather than losses (European 

Commission, 2014). Thus, compared to experts, policy makers tend to form more positive 

expectations regarding the potential of new technologies to contribute towards the meeting of 

societal challenges. We formulate the following hypothesis: 
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H1: Compared to those of experts, the expectations of policy makers regarding the 

potential of AM to contribute towards the meeting of societal challenges over the next ten 

years are more positive. 

 

The general public is the group that is least informed about new technologies 

(Lundvall, 1992). This lack of information on the features of new technologies not only 

results in a high level of uncertainty regarding the expected future effects of such 

technologies, but also makes the expectations highly sensitive to single additional pieces of 

information. The coverage of AM in the mass media is dominated by two types of reports. 

Either threats of AM are highlighted in conjunction with recent events, or AM is argued to be 

a potential solution for core societal issues in the distant future. Thus, the public discourse on 

AM is framed in terms of current and thus certain losses and future and thus uncertain gains 

(Kahneman and Tversky, 1979). As a result, uninformed persons who do not have a conscious 

stake in the development of a new technology tend to be negatively biased due to the framing 

of the public discourse on AM (Fink et al., 2013; Gourville, 2006) and will be conservative in 

their expectations regarding its contribution. Thus, compared to experts, the general public 

will tend to form less positive expectations regarding the potential of new technologies to 

contribute towards meeting societal challenges. We formulate the second hypothesis as 

follows:  

H2: Compared to those of experts, the expectations of the general public regarding 

the potential of AM to contribute to the meeting of societal challenges over the next ten years 

are less positive. 

 

Empirical Study 

Data Collection and Description of the Sample 

We collected data using an online questionnaire that was administered to three 
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different target groups: experts, policy makers and the general public. Data were collected in 

early 2014. To identify the experts in the field of AM, we relied on a process of self-selection. 

It is most likely that the members of the biggest German-language online forum on AM 

(3Druck.com) participate actively in the discourse regarding the development of this 

technology. Thus, in order to collect data on the perceptions of AM experts, we approached 

the members of this online forum. We received 162 usable responses from 362 frequent users 

of the online forum (return rate among experts: 44.8%). To collect data among policy makers 

we approached all Austrian institutions that are involved in designing the regulative 

framework for AM and contacted the members of these institutions who deal with innovation 

policy. Out of the 134 policy makers contacted, 88 completed the survey (return rate among 

policy makers: 65.7%). The collection of data among the general public was based on a 

random sample drawn from the Austrian population using a digital register of households 

(Herold Marketing). Out of the 1,000 Austrians contacted we received 173 usable responses 

(return rate among the general public: 17.3%). In total, the data collection procedure resulted 

in 423 usable responses. 

A major issue regarding the quality of datasets, especially with online surveys, is non-

response bias (Fink et al., 2011), which can occur at both the item and the survey level 

(Rogelberg et al., 2003). To avoid single-item non-response bias, 16 questionnaires with 

missing values were discarded (Rogelberg et al., 2001), reducing the final sample from 423 to 

407 cases (as reported above). While we attempted to avoid survey-level non-response bias by 

implementing several approaches proposed in the literature to encourage response, such as 

careful design, management of length, and establishment of the survey’s importance (Yu and 

Cooper, 1983), non-response bias could not be ruled out (Rogelberg et al., 2001). Thus, we 

controlled the sample for potential non-response bias. First, we employed the archival 

approach to assess the sample in terms of passive non-response bias (Sosdian and Sharp, 

1980), comparing the age, gender and education distributions of the respondents against the 
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population as a whole. This approach was only feasible for the data collection among the 

general public, since the information needed to apply it was available for neither the experts 

nor the policy makers. The test results among the general public showed an under-

representation of persons with only primary education. Second, we used wave analysis for all 

three target groups in order to check for active non-response bias caused by the general topic 

of the survey (Rogelberg et al., 2003), in which we compared the properties of early and late 

replies. This assessment did not reveal any relevant bias in the sample. Third, we included a 

general question on the expected ten-year impact of AM to control for active non-response 

bias caused by single items of the survey (Rogelberg et al., 2003). A comparison of the 

answers to this general question between those who completed the survey and those 28% who 

stopped filling in the survey somewhere before the end showed no significant difference. All 

in all, apart from the under-representation of persons with low education, the assessment did 

not reveal any relevant bias in the sample.  

On average, the respondents who completed the entire survey spent a little over nine 

minutes answering the questions, which is in line with our observations during pre-testing. 

The average age of the respondents, of 37.2 years – with no significant differences between 

the groups – is, for an online survey, surprisingly close to the 2011 average age of Austrians, 

of 41.8 years (Statistics Austria, 2012). Women account for about one third (37.5%) of the 

total sample. The smallest share of females was identified among the experts (22.4%), while 

there were more women in the samples representing the policy makers (40.0%) and the 

general public (45.9%). The share of women in our sample drawn from the general public 

corresponds well with the fact that women make up slightly more than 50% of the Austrian 

population (Statistics Austria, 2012). The significantly lower shares of women among the 

experts and policy makers appear to reflect the composition of the total populations of these 

groups. Within the overall sample, .4% of the respondents have only primary education, 

85.8% have secondary education and 13.8% have tertiary education. While, compared to the 
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overall Austrian population, persons with secondary and tertiary education are over-

represented, persons with only primary education (14.6% of the Austrian population; 

Statistics Austria, 2012) are significantly under-represented in the total sample and in all 

target-group samples. This bias might stem from two effects of education: First, better-

educated persons might have been more attracted by the topic of the survey, perhaps having 

encountered this new technology to a greater extent due to their more intensive consumption 

of high-quality media. Second, online surveys are more likely to reach better-educated 

interviewees, because the possession of an internet connection is positively correlated with 

the level of education in a household (European Commission, 2014). 

Figure 1 provides a list of industries and shows the distribution of answers on a scale 

ranging from “AM is expected to have a strong hindering effect” to “AM is expected to have 

a strong fostering effect” (on this industry) within the next ten years.   

----------------------- 

Figure 1 about here 

----------------------- 

 

Operationalization 

In the first part of the online questionnaire, the interviewees were asked to indicate their 

expectations regarding the ten-year impact of AM on different innovation policy targets. This 

question was formulated as “In the next ten years, what effect do you expect Additive 

Manufacturing Technologies will have on the following innovation policy targets?” This was 

followed by a list of 32 innovation policy targets (see Tables 1, 2 and 3), which had been 

identified through a quantitative analysis (Mayring, 2008) of all topics covered by 

the German-language online forum (3Druck.com) since January 2011. 

 In the second part we surveyed the respondents’ expectations regarding the industries 

on which AM will have an impact in the next decade by asking “In the next ten years, what 



17 

effect do you expect Additive Manufacturing Technologies will have on the following 

industries?” This was followed by a list of 24 industries taken from the industry 

categorization recommended by the Austrian Chamber of Commerce (ÖNACE classification: 

Reiter and Sterovsky, 2008; WKO, 2001) and identified as relevant in a content analysis of 

the entries in the online forum. 

For the questions regarding the impact of AM on individual policy targets or 

industries, the respondents were asked to indicate their expectations on a five-point scale 

consisting of “strong hindering effect” (coded as 1), “hindering effect” (coded as 2), “neutral 

effect” (coded as 3), “fostering effect” (coded as 4) and “strong fostering effect” (coded as 5). 

Additionally, we offered the option “don’t know” in order to avoid forcing respondents to 

make a decision if they did not have an opinion on that specific question. 

In the third part of the questionnaire we collected socio-demographic information on 

the respondents: gender, age and level of education.      

 

Analytical Strategy 

We address the research question by comparing means between the target-group subsamples, 

employing an independent sample t-test. This analytic strategy reflects our integrative 

approach to TA, in which we strive to compare the perceptions of the future potential of AM 

that emerged in a discourse among the stakeholders involved in the development of the 

technology, against the perceptions of policy makers and the general public on the status quo 

of the technology. Our integrative approach to TA aims at providing recommendations for 

action regarding subsequent political decisions or initiatives, and the communication 

strategies the experts use to address both policy makers and the general public. Thus, our 

analysis remains at the aggregated level of the economy. However, we do not attempt to 

provide an assessment of the actual fit between AM and a firm’s managerial or technical 
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competencies, which should be carried out by using a decomposition-based model, such as 

the Strategy-Technology Firm Fit Audit (Walsh and Linton, 2011).  

As the discussions in the online forum impact directly on the development of 

technology in AM, it can be assumed that our survey of experts provides a snapshot of the 

ongoing CTA. In contrast, our survey of policy makers and the general public follows the 

logic of TTA and thus reveals the respondents’ perceptions of the potential effects of AM as a 

given technology. By linking the outcomes of both of these approaches to TA, which were 

undertaken simultaneously, we can compensate for some of the major shortcomings of each. 

Taking the results of the CTA as a reference, we overcome the limited capacity of TTA to 

fulfil an early warning function due to a lack of involvement in the evolution of the new 

technology. At the same time we account for the value of an outside perspective that avoids 

insider blindness by redirecting the focus to the major political and social picture. We 

compare the perceptions of experts to those of policy makers to identify a need for action 

regarding the allocation of public funds. Likewise, we compare the perceptions of experts 

with those of the general public to show the need for action regarding the establishment of a 

public opinion on AM that will serve as a democratic legitimization of innovation policies in 

the area of AM.  

As AM is a highly heterogeneous field of technology in itself, the analysis is carried 

out at two levels of detail, as suggested by Rasmussen et al. (2007). First, we compare the 

perceptions at the level of the “large-scale targets” (employment, R&D and education, 

environment, poverty and social exclusion) formulated in the EU Horizon 2020 Strategy 

(European Union, 2014) to identify the action fields for innovation policies aimed at tapping 

the potential of AM. Second, we elaborate on the specific policy goals in order to formulate 

concrete recommendations for action. The analysis enables us to draw up an agenda to inform 

policy makers about the action fields on which innovation policy needs to focus and the 

actions that need to be taken. 
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Findings 

Turning our attention to the testing of the hypotheses, we find no homogeneous 

empirical picture across the four large-scale innovation policy areas (European Union, 2014). 

We hypothesized that, compared to experts, policy makers would have a more positive (H1) 

and the general public a less positive (H2) expectation regarding the potential of AM to 

contribute towards the meeting of societal challenges in the next decade. The findings 

reported in the first row of Table 2 show that we could not identify significant differences in 

the expectations, neither between the experts and the policy makers (p=.245) nor between the 

experts and the general public (p=.162). However, by tendency, the experts seem to be more 

positive in their general perceptions of the potential ten-year impact of AM (mean=3.8926) 

than both the policy makers (mean=3.72) and the general public (mean=3.76). Thus, at the 

aggregated level both hypotheses are rejected.  

One reason why the differences between the overall perceptions are not significant is 

the heterogeneity of the respondents’ perceptions across different innovation policy targets. 

Thus, in assessing the hypotheses, we take a look at the data at the level of medium 

aggregation, i.e. in relation to the large-scale policy targets formulated by the European Union 

(2014). The results are reported in the remainder of Table 2. While the reported expectations 

do not show a significant difference between the experts and the policy makers for two of the 

large-scale policy targets, employment (p=.420) and poverty and social exclusion (p=.501), 

we identify significant differences between these two groups regarding R&D and education 

(p=.089) as well as the environment (p=.075). Counter to H1, the policy makers’ expectation 

regarding the potential of AM to contribute towards these two policy targets being met in the 

next decade is significantly less positive than the experts’ expectation. Hence, at the level of 

medium aggregation too, H1 is rejected. Empirical evidence for the other policy targets points 

in the same direction. 
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Further, we find no significant differences between the experts’ and the general 

public’s perception of what the ten-year contribution of AM will be to the innovation policy 

targets regarding employment (p=.318), the environment (p=.137) and poverty and social 

exclusion (p=.721). However, the analysis shows a significant difference between these two 

groups regarding the innovation policy target for R&D and education (p=.001). The general 

public’s expectation regarding the potential of AM to contribute towards this policy target 

being met in the next decade is significantly less positive than the experts’ expectation. Thus, 

at the level of medium aggregation, we can accept H2 for the innovation policy area of R&D 

and education. Again, empirical evidence for the other policy targets points in the same 

direction. 

----------------------- 

Table 1 about here 

----------------------- 

 

Not only are the expectations regarding the contribution AM will make towards 

innovation policy targets heterogeneous across the four large-scale policy targets, but looking 

at the disaggregated level of the sub-targets also provides a highly interesting picture. In the 

following, we present the findings at this level. First, we present those innovation policy areas 

for which we have identified significant differences between the expectations of the experts 

and the policy makers. Second, we present those innovation policy areas that – based on our 

sample – exhibit significant differences between the experts’ and the general public’s 

predictions of the ten-year impact of AM. 

In line with the findings at the medium level of aggregation, the comparison of all 

experts’ and policy makers’ responses at the disaggregated level show that the policy makers 

have a less positive expectation regarding the potential of AM to contribute to the meeting of 

societal challenges during the next ten years (see Table 2). Specifically, compared with the 
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experts, we find significantly less positive expectations of the ten-year contribution of AM 

among policy makers with regard to the following five innovation policy targets: job creation 

(p=.005), tissue engineering (p=.033), energy efficiency (p=.001), ecologization of production 

(p=.020), reduction of material usage (p=.005) and reduction of emissions (p=.033). This 

more fine-grained look reveals that, even within the areas of large-scale targets for which no 

significant differences are observed between the evaluations of experts and policy makers, 

there are single targets that call for action regarding innovation policy. The fact that experts 

expect a significantly more positive effect of AM on job creation and the environment than do 

policy makers deserves particular attention, as it relates to key areas of innovation policy. 

----------------------- 

Table 2 about here 

----------------------- 

 

Comparing the means of the experts’ responses to those of the general public at a 

disaggregated level (see Table 3) reveals that, within the area of the large-scale target of R&D 

and education, the significant differences in the means are rooted in the sub-targets of 

acceleration of technological progress (p=.056), acceleration of scientific progress (p=.003), 

reduction of product development costs (p=.008) and strengthening of innovativeness 

(p=.033), which are all seen significantly less positively by the general public than by the 

experts.  

This comparison further identifies significant differences between the expectations of 

the experts and the general public regarding sub-targets of innovation policy that fall under 

large-scale targets that do not show significant differences at an aggregated level. On the one 

hand, this is because the number of sub-targets showing significant differences is small. This 

is, for example, the case for the large-scale target of the environment, under which only 

energy efficiency (p=.040) and reduction of material usage (p=.019) are evaluated 
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significantly less positively by the general public than by the experts. On the other hand, 

sometimes the significant differences in the sub-targets are contradictory. This is the case for 

employment where, compared to the experts, the general public has significantly less positive 

expectations regarding the contribution of AM to job creation (p=.000) and to strengthening 

Austria’s competitiveness as a business location (p=.018), while, compared to the experts, the 

general public has significantly more positive expectations regarding the contribution of AM 

to the reduction of labour costs (p=.007). 

We also find an inconsistent picture when taking a fine-grained look at the large-scale 

target of poverty and social exclusion. Here, the general public sees significantly less 

potential in AM regarding the reduction of costs for individualized products (p=.006) and the 

strengthening of consumer rights (p=.085), as compared to the experts. Meanwhile, regarding 

the avoidance of the home production of prohibited items (e.g. weapons) (p=.050), the 

availability of products (p=.096) and the reduction of costs for standardized products 

(p=.004), the general public has significantly more positive expectations regarding AM than 

do the experts.       

----------------------- 

Table 3 about here 

----------------------- 

 

Discussion and Conclusion: Action Fields and Recommendations for Action for 

Innovation Policy 

The ITA performed in this study sets out to shed light on key actors’ expectations of 

the potential of AM in order to identify opportunities for technology entrepreneurship. In 

order to make TA practically relevant and to motivate participation, it has to be transparent 

how the outcomes and insights of such procedures are translated into policies supporting 

entrepreneurial action linked to AM. Thus, in interpreting the findings of TA, the emphasis is 
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on the provision of concrete recommendations for action regarding subsequent political 

decisions and initiatives (Dingli, 2007) aimed at fostering technology entrepreneurship. The 

comparison of the results of the TA between the three groups is rooted in two theoretical 

considerations. First, we draw on prospect theory, which assumes that perceptions of new 

technologies become less realistic the fewer individuals know about these technologies 

(Kahneman and Tversky, 1979). Second, we assume that experts involved in the development 

of AM have the highest level of knowledge about this new technology. Based on these 

assumptions, the results of the CTA can be used as a point of reference, and recommendations 

for action for innovation policy in the area of AM can be deduced from our empirical 

findings.  

If the experts are more positive than the policy makers, policy makers should be better 

informed about AM so that society can fully tap its potential with regard to the five targets 

developed by the EU. The Horizon 2020 Framework Programme (European Union, 2014) has 

recognized that AM is a valuable contributor towards the creation of high-quality value-added 

jobs, and that it will have a considerable impact on future manufacturing and industrial 

processes (EFFRA, 2013). Hence, policy makers need to take further steps, such as 

implementing entrepreneurial policies or subsidizing innovation-driven growth, not only at 

the EU level, but also and more importantly at the country level. This is because the leverage 

point for job creation is not so much the technology of AM itself, but rather the subsidizing of 

companies that are founded, or have the potential to grow and founders who have the 

aspiration to grow their businesses (Kautonen et al, 2015), in the area of AM. In addition to 

that, capacities and infrastructures need to be built up in educational institutions in order to 

inform students of the potential of AM and to teach the new design paradigm for their future 

work experience. The creation of such capacities and infrastructure must not be limited to 

specific disciplines or levels of education. Rather, it should cover executive education as well 

as universities, high schools and apprenticeships, and should not be limited to technical 
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studies but extended to various fields, such as creative industries, business studies and 

medicine.  

The findings of the ITA highlight the need for economic policies that continue to 

foster the application of AM aimed at resource saving. A successful example of resource 

saving through the use of AM is the construction of lightweight parts for aerospace and 

aviation, which not only helps to save materials and energy but also reduces fuel emissions. 

Finally, research on AM should not be limited to industrial applications, but should also focus 

on possible future applications, such as bioprinting, tissue engineering and the creation of 

micro- and nanostructures (MEMS&NEMS’S project). 

If, compared to the experts’ expectations, those of the general public regarding the 

potential of AM to contribute towards the meeting of societal challenges during the next ten 

years are less positive, then knowledge on the potential of AM needs to be disseminated 

among the general public. That way uncertainty can be reduced and a well-balanced 

evaluation of AM can be fostered. Initiatives that have successfully communicated the 

potential of AM to the general public provide open access to this new technology and the 

opportunity to actively engage in its applications or even its further development. Examples 

of such initiatives include joint research projects between universities and industry (e.g. the 

German University of Paderborn, Johannes Kepler University, the University of Applied 

Sciences Upper Austria, the Fraunhofer Institute for Manufacturing Engineering and 

Automation, Massachusetts Institute of Technology, and Vienna University of Technology 

with their industry partners) as well as the establishment of fab labs and hackerspaces, which 

are community-run labs that are open to the public, often situated at universities, and can help 

to bridge the gap between community insiders with expert knowledge and the general public. 

Knowledge on the potential of AM can also be spread through the updating of curricula with 

state-of-the-art knowledge of AM. This has already been done by the UK Department for 
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Education, which has developed a programme for the use of 3D printers in classes teaching 

science, technology, engineering and mathematics (UK Department for Education, 2013).  

Current initiatives strive towards establishing EU-wide standards and quality controls 

for AM (European Commission, 2014). In addition to that, legal regulations need to be 

adapted to the new challenges of AM. Such standards reduce uncertainty and foster 

technology entrepreneurship. The German Green Party has, for instance, started an initiative 

to introduce legal regulations and standardization at the EU level (Öko Institut e.V., 2013). A 

parallel development of the regulative framework for new technologies such as AM will help 

to reduce the threat perceived by the general public (e.g. due to illegal products or the lack of 

consumer rights) to a realistic level. Currently, initiatives on the creation of regulations and 

standards are not being observed by the general public. Due to the lack of knowledge, 

resistance could arise, which might hinder the diffusion of AM (van Gelderen et al, 2015). In 

addition to that, experts need to communicate to the general public AM’s potential for job 

creation, for increasing the competitiveness of business locations, and its ecological potential, 

in order to inform their decisions on the allocation of resources. Only if the potential of AM is 

widely known will individuals be able to form expectations and leverage the entrepreneurial 

opportunities linked to this technology (Harms et al., 2009). 

We have identified some areas in which the general public has unrealistic expectations 

regarding the potential contribution AM can make towards the meeting of societal challenges 

during the next ten years. In such cases, policy makers and experts alike need to correct the 

misperceptions to ensure that there is a realistic view of the impact of AM at the individual 

and societal level. AM will, for instance, be applied to individualized production rather than 

to standardized mass production. Thus, the expectations concerning the reduction of labour 

costs and the costs of standardized products among the general public as compared to the 

experts do not seem realistic. Threats, such as the home production of prohibited items (e.g. 

weapons), need to be carefully dealt with in the public discourse. There is a danger that single 
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spectacular aspects of AM may frame the discourse in the public media. This may lead to the 

perception that AM as a means of producing advanced technology will only happen in the 

distant future or that it poses an immediate threat to public safety; both perceptions would 

hinder the full potential of AM from being utilized. Indeed, AM is not a technology for the 

distant future, but is happening right now, and it is not AM itself that motivates the home 

production of weapons, but the skills of individuals with criminal intent. 

All in all, the empirical findings of our study contribute to a growing body of literature 

that aims at providing a basis for the design of focused innovation policies targeted at tapping 

the potential of AM for the pursuit of large-scale policy targets as formulated in the EU 

Horizon 2020 framework (European Union, 2014).     

Our analysis has to be interpreted against the backdrop of the limitations of the data 

and the analytical strategy taken. As is usual for the social sciences, we can only cover the 

complexity of the phenomenon under research to a limited extent. However, with the small 

step we have taken, we have broken new ground in the areas of TA and AM. Our sample is 

limited to the German-speaking countries and to the three target groups of experts, policy 

makers and the general public. The subsample of the general population is rather small. An 

alternative selection of target groups or a different sampling from the general public could 

have led to a different empirical picture. However, our choice was led by the theoretical and 

practical considerations discussed in the paper. The decision to select the experts as the 

reference group in the comparisons – even if well justified – does impose a limitation on the 

analysis. Another limitation stems from the bias regarding the educational level of the 

respondents. Thus, the research should be replicated in other geographic regions, using other 

groups and employing other methods of data collection for the purpose of comparison. 

Moreover, while the scales and survey instrument employed were designed carefully, social 

desirability bias and non-response bias cannot be ruled out completely. Future studies should 

also take into account the time at which the individuals surveyed first heard about the new 
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technology. This would be especially interesting because, at a given point in time, different 

communities might be in different phases of the hype cycle (Fenn and Raskino, 2008) 

regarding a technology, which would in turn result in diverging expectations regarding the 

future potential of this technology. 
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Figure 1. Ten-year Forecast of the Impact of AM by Industry (n=451) 
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Table 1. Test of Hypotheses – Identification of Action Fields (n=451) 

 Means t-test1 Diagnoses 

 E2 PM GP E-
PM3 

E-
GP4 

H1 (E<PM) H2 (E>GP) 

Across all policy targets 3.89 3.72 3.76 .245 .162 n.s. (rejected  
by tendency) 

n.s. (approved 
by tendency) 

Large-scale policy targets        

Employment 3.15 3.05 3.06 .420 .318 n.s. (rejected  
by tendency) 

n.s. (approved 
by tendency) 

R&D and education 4.40 4.19 4.14 .089 .001 rejected approved 

Environment 3.60 3.25 3.40 .075 .137 rejected n.s. (approved 
by tendency) 

Poverty and social exclusion 4.38 4.30 4.35 .501 .721 n.s. (rejected  
by tendency) 

n.s. (approved 
by tendency) 

1 p-value; α=.05; threshold for significance of mean differences in one-sided t-test is p<(2*α) 
2 E=experts; PM=policy makers; GP=general public 
3 Mean comparison between experts and policy makers (independent sample t-test) 
4 Mean comparison between experts and the general public (independent sample t-test) 

 
Table 2. Test of Hypotheses – Identification of Recommended Actions regarding Policy 

Makers (n=250) 

 Means1 t-test2 

Large-scale policy targets and sub-targets E3 PM3 E-PM4 

Employment    

Job creation 3.37 2.73 .005 

R&D and education    

Tissue engineering 4.43 4.10 .033 

Environment    

Energy efficiency 3.55 2.95 .001 

Ecologization of production 3.51 3.02 .020 

Reduction of material usage 3.84 3.27 .005 

Reduction of emissions 3.68 3.36 .093 

1  The higher mean value is printed in italics 
2  p-value; α=.05; threshold for significance of mean differences in one-sided t-test is p<(2*α) 
3 E=experts; PM=policy makers 
4 Mean comparison between experts and policy makers (independent sample t-test) 
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Table 3. Test of Hypotheses – Identification of Recommended Actions regarding the General 

Public (n=335) 

 Means1 t-test2 

Large-scale policy targets and sub-targets E3 GP3 

 
E-GP4 

Employment    

Job creation 3.37 2.53 .000 

Reduction of labour costs 3.21 3.57 .007 

Strengthening Austria’s competitiveness as a business location 4.10 3.79 .018 

R&D and education    

Acceleration of technological progress 4.58 4.40 .056 

Acceleration of scientific progress 4.37 4.07 .003 

Reduction of product development costs 4.36 4.03 .008 

Strengthening of innovativeness 4.57 4.36 .033 

Environment    

Energy efficiency 3.55 3.23 .040 

Reduction of material usage 3.84 3.47 .019 

Poverty and social exclusion    

Avoidance of home production of prohibited items (e.g. weapons) 4.03 4.25 .050 

Availability of products 4.27 4.43 .096 

Reduction of costs of individualized products 4.60 4.31 .006 

Reduction of costs of standardized products 3.38 3.76 .004 

Strengthening of consumer rights 3.00 2.74 .085 

1  The higher mean value is printed in italics 
2  p-value; α=.05; threshold for significance of mean differences in one-sided t-test is p<(2*α) 
3 E=experts; GP=general public 
4 Mean comparison between experts and policy makers (independent sample t-test) 
 

 


