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Abstract: This study examines the barriers and enablers within the adoption process 
of advanced manufacturing technologies (AMTs) and their relationship to different 
innovation types as outcomes of this process. Whilst the requirement to improve AMT 
adoption is widely acknowledged, the existing literature lacks a comprehensive 
understanding of the main barriers and enablers within the adoption process. 
Furthermore, it does not reveal how these barriers and enablers are related to different 
innovation types. We provide a systematic literature review of the barriers and enablers 
to AMT adoption. The findings of this review are based on a total of eighty-seven peer-
reviewed articles from the business and management literature from 1999-2019. Our 
findings provide several contributions to the literature. Firstly, by integrating evidence 
from empirical studies, we identify five main types of barriers and four main types of 
enablers to adoption. Secondly, we conceptualise three key stages of the AMT 
adoption process and classify the barriers and enablers on the basis of whether they 
apply to an individual stage, or whether their influence is pertinent across the whole 
process. Thirdly, we reveal the relationship between categories of barriers and 
enablers associated to innovation types outcomes: product, process, service or 
business model innovations. The results of our study provide important implications for 
both managers and policy makers based on the evidence of the key barriers and 
enablers. Further, we suggest several directions for future research, including the need 
to examine the post-installation stage. 
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Highlights 

 The paper explores the role of barriers and enablers along the AMT adoption 
process 

 Presents a comprehensive and systematic literature review of empirical 
research on advanced manufacturing technologies 

 Identifies, synthesizes, and critically discusses how adoption barriers and 
enablers are linked to innovation types 

 Provides an analytical framework for the analysis of AMT adoption 
 Outlines policy implications on adoption and innovation levels 
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1. Introduction  

Advanced manufacturing technologies (AMTs) are broad technological bundles which 

support the design and fabrication of products, a higher level of connectivity, and the 

optimised planning of resources (Boyer et al., 1997; Sun, 2000). For manufacturing 

companies, AMTs present a variety of opportunities, from improving the efficiency of 

processes, to higher productivity and sustainable business models (Ford and 

Despeisse, 2016).  

Over the past two decades manufacturing automation has been transforming factory 

floors through the development of robotics and automation technologies (PwC, 2018). 

For example, additive manufacturing allows greater product customisation 

opportunities, activating new innovation ecosystems (D’Aveni, 2015). The potential 

offered by AMTs has resulted in innovation and manufacturing coming to the forefront 

of government programmes in both developed and developing countries, including UK, 

USA, Russia, China (Department for Business, Energy and Industrial Strategy, 2019; 

Dezhina et al., 2015; Li, 2018; NSTC, 2018).  

The promotion of AMT investment provides countries with opportunities to foster their 

national growth. This is reflected in initiatives from the European Union with the aim of 

increasing GDP by 2020 (European Commission, 2014). Further, since 2012, the 

American $2.2 billion R&D investment policy for advanced manufacturing, expands 

into governmental programmes to support the advanced manufacturing institutes’ 

network (European Commission, 2014; OECD, 2017). The potential for AMTs to 

provide disruptive improvements in manufacturing sustainability, has also lead the 

European Investment Bank and the European Commission to increase lending for 

resource and energy efficient investments (European Commission, 2014). Further, the 

European Factories of the Future Association (EFFRA) issued a roadmap to address 

efficient use of resources, and reducing waste through technologies such as additive 

manufacturing, which aims to achieve a twenty-five percent reduction in energy 

consumption in 2020 (European Commission, 2013). AMTs hold the potential to 

significantly reduce the environmental impact of manufacturing, which generates 400 

million tons of waste of which 10% are classified as hazardous (European 

Commission, 2013, p. 115). The underlying rationale for these policy initiatives reflects 

the premise that the management of AMT adoption is challenging for organisations 

(Kroll et al., 2016).  
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Prior research highlights that the benefits from AMTs are hard to achieve, and 

additional organisational changes are required to unlock their potential (Boyer et al., 

1997). Existing literature though, has either overlooked the whole adoption process or 

only rarely connected adoption to the enabled innovation types (product, process, 

service or business model innovations). Relatively few studies have attempted to 

identify barriers and enablers along adoption stages (Chen and Small, 1994; 

Efstathiades et al., 2002; MacDougall and Pike, 2003) emphasising the point in time 

activities are managed (Machuca et al., 2004), or investigating product innovation 

outcomes determined by learning-by-using effects (Bourke and Roper, 2016). Even 

more rarely, examining internal-external factors mediating the relationship to different 

innovation types as outcomes (Koellinger, 2008; Santamaría et al., 2009). Existing 

literature reviews instead, have focused on the classifications of barriers and enablers 

(Chen and Small, 1996; Sambasivarao and Deshmukh, 1995); critical success factors 

to Industry 4.0 implementation (Sony and Naik, 2019); or limited to thematic analysis 

(Khorram Niaki and Nonino, 2017; Maghazei and Netland, 2017). 

Against this backdrop, the aim of this study is to examine the relationship between 

AMT adoption and innovation, specifically we focus on barriers, enablers and 

innovation types. Our rationale for implementing a systematic literature review is 

informed by two main weaknesses. The first, regards the need to follow a stage-based 

adoption process (Machuca et al., 2004). Intrinsic in this theme, is the need to classify 

barriers and enablers along each stage (Chen and Small, 1996; Sambasivarao and 

Deshmukh, 1995; Sony and Naik, 2019). The second weakness results from a lack of 

studies identifying the relationship between the adoption process and innovation types 

as outcomes of AMT adoption (Bourke and Roper, 2016; Koellinger, 2008; Santamaría 

et al., 2009). To the best of our knowledge, none of the existing empirical studies and 

literature reviews attempts to classify barriers and enablers through the technology 

adoption process and innovation type lens.  

This review provides two main contributions to the body of literature on AMTs.  Firstly, 

we contribute to the work of Machuca et al. (2004) who identify the need for a greater 

focus on positioning internal-external factors prior to and post-adoption. Our work 

extends this perspective with a stage-based analysis, uncovering multiphase and 

stage-specific barriers and enablers. Secondly, we respond to the call of Bourke and 

Roper (2016) in attempting to identify the AMT skill endowments that lead to innovation 
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outputs. In doing so, we build upon studies that highlight how technology investment 

leads to different innovation types, influenced by barriers and enablers (Koellinger, 

2008; Santamaría et al., 2009). These contributions also reflect our conceptualisation 

of the relationship between adoption and innovation, linked to specific research 

questions we attempted to address (See section 2.4). 

This paper is structured as follows: literature review and theoretical background 

(Section 2); review method (Section 3); literature mapping and integration (Section 4); 

discussion (Section 5); concluding remarks and policy recommendations (Section 6) 

2.  Literature review and theoretical background 

2.1 AMTs defined  

AMTs are flexible and programmable technologies designed for process efficiency and 

flexibility of production (Meredith, 1988). Within the AMT literature, AMTs have been 

acknowledged as product design/engineering, manufacturing, and planning 

technologies (Boyer et al., 1997; Moyano-Fuentes et al., 2016). However, following the 

rapid developments in the digitalisation of manufacturing, AMTs have also been 

associated to novel technology categories (Szalavetz, 2019). This poses the need to 

clarify what AMTs are for this study. 

In this paper, we build on the work of Sun (2000) where AMTs are seen as components 

of the computer-integrated manufacturing (CIM) paradigm, enabling the control and 

optimisation of organisational and manufacturing processes. Within this definition, 

AMTs range between different components: design and engineering technologies (e.g. 

CAD, CAE) to achieve faster design-cycle times; planning and control technologies, 

enabling cheaper communication across shop-floor activities and the supply chain (e.g. 

ERP, MES); information management technologies enabling the sharing of data also 

among other AMT components (e.g. shared databases,  internal-external connectivity); 

fabrication and assembly associated with factory automation, material handling, 

inspecting and testing (e.g. CNC, additive manufacturing, flexible manufacturing 

systems). 

In addition, our study extends this view (Sun, 2000) by incorporating the Industry 4.0 

manufacturing paradigm, which forms a particular development stage of AMTs, 

extended into the digitalisation of both products and manufacturing processes 

(Szalavetz, 2019; Dalenogare, 2018). In line with this perspective, Sirkin et al. 2016 
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have also referred to advanced manufacturing as: (i) Autonomous robots, (ii) 

Integrated computational material engineering (e.g. simulation of product properties 

before they are fabricated), (iii) Digital manufacturing (e.g. technologies that replicate 

digital factories simulating production processes) (iv) The industrial internet and flexible 

automation (e.g. machine to-machine communication and data generated by sensors) 

(v) Additive Manufacturing.  

The disruptive features of AMTs have stimulated increasing research to examine the 

challenges to adoption. Their complex and programmable nature makes the 

technology systems more subject to process flaws compared to mechanical models 

(Ettlie and Reza, 1992), and they require generative learning for associated 

organisational adaptations (Bessant and Buckingham, 1993).  

2.2 Adoption Barriers and Enablers 

With few exceptions, the literature on AMT has largely been quantitative and focused 

on the relationship between contingency variables and AMT-performance relationship. 

For example, strategic and organisational adaptations contributing to business or 

manufacturing performance (Dean and Snell, 1996; Hutchison and Das, 2007; 

Moyano-Fuentes et al., 2016; Parthasarthy and Sethi, 1992), or antecedents to 

adoption (Spanos and Voudouris, 2009). 

Alternatively, qualitative studies focused on the details of both barriers and enablers 

(Chan et al., 2018; Meredith, 1988; Millen and Sohal, 1998; Sohal, 1996). The work of 

Beatty (1992) showed how implementation may fail where managers do not recognize 

the need of specific AMT champion’s skills. More specifically, socio-technical studies 

described the organisational layout against different corporate value systems 

(Zammuto and O’Connor, 1992) or associating AMT systems to enabled innovation 

types (Shani et al., 1992). Overall, relatively few studies have focused on barriers and 

enablers along one or more stages (Efstathiades et al., 2002), or studying the 

relationship between adoption and innovation (Bourke and Roper, 2016). 

To the best of our knowledge the only existing systematic review on AMTs is limited to 

a thematic analysis (Maghazei and Netland, 2017). Earlier works, such as 

Sambasivarao and Deshmukh, (1995), classified types of barriers along tangible 

attributes (e.g. cost related barriers) and intangible attributes (e.g. human, social, 

strategic, technological), however, neglecting a stage based model and relationship to 
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innovation. Similarly, Chen and Small (1996) focus on the barriers and enablers to plan 

the implementation. Recently, systematic reviews have also uncovered the construct 

of ‘smart factories’ and the strategic implications of Industry 4.0 implementation 

(Osterrieder et al., 2019; Sony and Naik, 2019), and reviewing state of the art of 

research. For example, Khorram Niaki and Nonino, (2017) outline additive 

manufacturing challenges and benefits focusing on the different research domains. 

Our study differs from the above literature reviews and studies by adopting a process 

model, classifying barriers and enablers, and examining them against innovation types. 

2.3 Theoretical background: Adoption and Innovation  

Based on the preceding discussion, we here outline the three main theoretical 

components of our adoption and innovation lens.  

First we recognize the need to consider the adoption process for ‘organisations’ as the 

units adopting a technology system (Rogers, 2003). We further benefit from the work 

of Voss (1988) who refers to ‘implementation’ as the adoption process of process 

technologies. In Voss’s model, implementation involves three stages: the Evaluation 

stage includes activities to create a business case; Installation and Commissioning 

characterise “technical success” and Consolidation covers the “business success”. 

These perspectives reveal that prior to adopting an innovation, organisations firstly 

evaluate it against benefits and risks. Subsequently, the innovation is implemented, 

reviewed, and further adapted.  

Secondly, we benefit from those studies that report barriers and enablers related to 

AMT adoption. These can relate to both internal and external factors impacting the 

adoption process (Chaudhuri et al., 2019; Machuca et al., 2004; Efstathiades et al., 

2002). Other studies reveal how heterogeneous process technologies diffuse within 

relevant markets (e.g. Stoneman, 2002). For example, exploring the determinants for 

the diffusion of single or complementary AMTs (Karshenas and Stoneman, 1993; 

Stoneman and Kwon, 1994). Moreover, beyond inter-firm technology diffusion, the field 

of intra-firm diffusion provides support to our aim to understand the influence of barriers 

and enablers on AMT implementation and use within the firm (Battisti and Stoneman, 

2003; 2005). 

Thirdly, this review extends the adoption viewpoint by conceptualising a relationship 

between AMT barriers and enablers and innovation types as outcomes. This is also 
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connected to the concept of ‘reinvention’ as technological and organisational 

adaptations leading to different adoption outcomes (Rice and Rogers, 1980; Leonard-

Burton, 1988; Rogers, 2003). Voss (1992) also stressed that the consolidation stage 

is key to providing further adaptations and enhancing competitiveness. In line with 

these studies, other authors reported that AMT adoption may lead to product, process, 

service or business model innovation outcomes when impacted from different barriers 

or enablers (Bourke and Roper, 2016; Kiel et al., 2017; Koellinger, 2008). Thus, the 

firm’s management of the adoption process influences the innovation outcomes 

(Bourke and Roper, 2016).  

We refer to the interrelationships between adoption and innovation, as the 

interdependence of innovation types. This concept has been noted elsewhere when 

one innovation type may prepare the ground for other types (Damanpour et al., 2009). 

Thus, we consider four main innovation ‘types’: (i) Product (ii) Process (iii) Service (iv) 

Business Model. The latter, despite not having a recognised definition, can be 

considered as the change in all core activities of the firm (Oslo Manual, 2018, p. 76).  

Some of these categories are also pertinent to studies who have explored adoption 

and innovation (Koellinger, 2008).  

2.4 Conceptual Framework 

Having examined the three theoretical aspects of our study, we here explain how we 

linked adoption barriers and enablers to innovation types as outcomes, captured within 

our conceptual framework.  

Considering the first and second theoretical components (See section 2.3), we 

integrated five articles that conceptualised AMT adoption as a stage-based process, 

and related barriers and enablers to adoption stages: Chaudhuri et al. (2019) referred 

to pre-adoption (e.g. decision phase), adoption (e.g. the actual installation) and post-

adoption (e.g. further adaptations); Efstathiades et al. (2002) included a phase to plan 

the implementation after decision to adopt, and a ‘selection, pre-implementation, 

transfer’ related to installation activities; Machuca et al., (2004) summarise two main 

stages, while others apply Voss’s framework (MacDougall and Pike, 2003) or extend 

it by examining sub-phases of one stage (Chen and Small, 1994). Following these 

frameworks we formulated a three stage model including the following stages (Figure 

1): (i) The Evaluation stage is when initial knowledge is achieved leading to acceptance 
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or rejection of adoption (ii) Set-up and Installation is the launch of the project, which 

includes a set-up phase, namely preparing the installation activities. Finally, (iii) Post-

installation entails further adaptations. Utilising the framework developed our review 

also distinguishes between multiphase and stage-specific barriers and enablers to 

highlight the relative importance of each across stages (See also section 4.2). 

The third component of our framework considers innovation types as outcomes of 

adoption impacted by barriers and enablers. Moreover, for some AMTs such as 

additive manufacturing there can be an interdependence of innovation types 

depending on the level of integration. For example, customisation of products through 

additive manufacturing requires inter-organisational capabilities leveraging prototyping 

(e.g. fosters product innovation) (Meier et al., 2019); redesigning internal routines 

favours resource efficiency and tooling (e.g. fosters process innovation); 

remanufacturing services also require product lifecycle management capabilities (e.g. 

fostering sustainable business model innovation) (Ford and Despeisse, 2016). 

This conceptualisation shapes the two main purposes of our systematic literature 

review. First, to outline barriers and enablers across adoption stages. Second, link 

these to innovation types. By engaging in such review, we attempt to ascertain: 

RQ1 Following a stage-based perspective, which types of barriers and enablers are 

relevant to each stage of the AMT adoption process? 

RQ2 What are the linkages between barriers, enablers for different innovation types? 

Figure 1. Conceptual Framework 
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3. Review Method 

Research on AMTs spans in many fields such as operational, technical, and 

managerial. A heterogeneous body of literature presents the challenge of capturing the 

breadth of relevant contributions and summarising findings. We address this challenge 

following the PRISMA approach to identify eligible studies (Moher et al., 2009). 

Throughout the process of conducting the systematic review, from the understanding 

of the topic to reporting of findings, we also adopted the guidelines of Tranfield et al. 

(2003). 

Following other reviews we identified two main databases, respectively Scopus and 

Web of Science (Thune and Mina, 2016). We then selected literature for inclusion by 

carrying out on search terms on a three-level query: contextual (e.g. the manufacturing 

and production context), technological (e.g. AMT variants), analytical (e.g. adoption 

and innovation lens) (See Fig.2). Similar approaches have been adopted in reviews on 

smart manufacturing (Osterrieder et al., 2019). Figure 1 illustrates these criteria which 

were applied to the title, abstract and keywords of articles. 

Figure 2. Query levels 

 

To create a sample of manageable proportions we also applied several inclusion and 

exclusion criteria: (i) In line with other reviews (Bocconcelli et al., 2018; Ellwood et., 

2017) we restricted the time span between Jan 1999 – 13th October 2019; (ii) included 

only journals from the ABS Academic Journal Guide (ACG) excluding one rated 

journals1. The approach of identifying eligible studies through a journal quality index 

has been adopted by recent literature reviews analysing different manufacturing and 

management fields (e.g. Bellissario and Pavlov, 2018; Juliani and de Oliveira, 2020) 

(iii) included only peer-reviewed articles of business and management categories (iv) 

included only empirical research articles (v) where authors presented similar studies 

                                            
1 We consulted the Chartered Association of Business Schools (CABS) Academic Journal guide (AJG) 2018. The 

AJG is based upon peer review, editorial and expert judgements following from the evaluation of publications, and 
is informed by statistical information relating to citation (CABS, 2018; p.4). The guide is based on a quality scale 
ranging from 1 to 4 and 4* rated journals. 
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in more than one journal, we only included one to avoid redundancy of findings 

(Leseure et al., 2004). 

Following the PRISMA framework (See Fig.3), the decision to include or exclude was 

initially based on the content of title and abstract, and subsequently to full-text reading 

for the eligible articles (Pittaway et al., 2004). During the screening and full text-

reading, articles had to present evidence relevant to one or both of the following criteria: 

1) AMT adoption barriers and/or enablers 2) AMT adoption barriers and/or enablers 

linked to innovation types. For example, during screening, articles whose abstract 

described internal IT systems development were not included as they were not 

focusing on adoption, but instead described technical developments. Subsequently, 

during the full-text reading, we excluded all review papers, as well as articles that 

referred to adoption, but neglected barriers and/or enablers.  

In the subsequent stages, the selected articles were imported into Qualitative Data 

Analysis Software N-Vivo 12 for coding. We started with an open coding phase using 

common themes of influential studies on AMTs (Bessant and Buckingham, 1993), and 

subsequently conducted a focused coding with broader categories on the type of 

barriers and enablers and their relevance to stages and innovation types (See 

Appendix C). The coding was also verified through degree of team agreement with no 

evident inconsistencies (e.g. Kivimaa et al., 2019). Lastly, from the final sample of 

eligible papers, we examined and synthetized the findings to provide a broad 

descriptive account of the researched field, following a synthesis approach common to 

other systematic reviews (e.g. Miller et al., 2014; Macpherson and Holt, 2007; Thune 

and Mina, 2016). 
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Figure 3. PRISMA flowchart 

 

 

4. Literature mapping and integration 

Section 4 presents and discusses the findings of the systematic literature review. First, 

we provide an overview of findings (Section 4.1); summary of barriers and enablers 

identified (Section 4.2); categories of barriers (Section 4.3); categories of enablers 

(Section 4.4); adoption barriers, enablers, and innovation types (Section 4.5). 

4.1 Overview of Findings  

Our synthesis of findings is primarily concerned with understanding the importance of 

barriers and enablers across each adoption stage, and their link to innovation. Here, 

themes act as connectives between different studies (e.g. Macpherson and Holt, 

2007), mainly concerned with the different types of barriers and enablers encountered 

within the adoption process. Figure 4 and Table 1 map the results pertinent to five main 

categories of barriers and four main categories of enablers. Both are linked to a total 

of twenty-six sub-categories. In addition, we also reported the higher or lower 

relevance of these to each stage, guided by the results of studies referring to adoption 

stages and that explicitly used a stage-based model. These enabled us to map the 
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results of different types of studies (e.g. differing by context, firm size, sectors), whist 

focusing on the classification and positioning of barriers and enablers (See Table 1-

Section 4.2).  

In the sample, 82% (71) of studies employed quantitative methodologies which varied 

from descriptive statistics (Efstathiades et al., 2000) to structural equation modelling 

and other regression/ranking methods (Baldwin and Lin, 2002; Sohal et al., 2006; 

Dwivedi et al., 2017). Whereas 18% (16) of studies used a qualitative approach, mainly 

through a case study approach (Sjödin et al., 2018). In terms of sector, there was an 

appreciable bias from 42% (37) of studies, towards mixed sectors including small, large 

and medium firms, whilst 17% (15) focused on one or few sectors (e.g. defence, 

automotive). 

Lastly, in seeking relationships between adoption and innovation we found patterns 

between barriers, enablers and innovation types. This resulted from a closer analysis 

of studies that explicitly referred to this relationship which we analyse in section 4.5. 

Figure 4. Synthesis of findings and literature mapping 

 

 

4.2 Summary of Barriers and Enablers 

We define barriers and enablers as dynamic rather than static phenomena that hinder 

or facilitate the adoption process (Hadjimanolis, 2003; Miller et al., 2014) and 

distinguish those that are multiphase (e.g. dynamically pertinent to the whole process) 
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or stage-specific (e.g. dynamically pertinent to a part of the process). This perspective 

builds on Machuca et al. (2004), who reveal the need to more clearly delineate barriers 

and enablers on the basis of their relevance to pre and post adoption stages. Informed 

by our conceptual framework, our analysis uncovered the need of a more dynamic 

analysis, where the influence of one enabler, for example, evolves across the adoption 

process. Whilst few studies specifically discussed the stages of adoption, utilising our 

conceptual framework we analysed their results to firstly identify the barriers and 

enablers and subsequently uncover their pertinence across the three stages identified.  

As an example, we classified complementary process redesign (e.g. process 

optimisation practices) as a stage-specific enabler. We found lack of significant 

evidence of operational and workflow improvements occurring before installation 

(Efstathiades, 2000), whilst all major actions took place between installation and post-

installation changes (Efstathiades et al., 2002; Ghani et al., 2002; Machuca et al., 2004; 

Szalavetz et al., 2019). Thus, this enabler was primarily significant during post-

installation, where mutual adaptation of the organisation and technology occurs, and it 

was of little importance within set-up and installation (Efstathiades et al., 2000). AMT 

project management forms one example of a multiphase enabler, and incorporates 

empirical evidence on the role of management support and leadership, which applies 

to the whole life of the project (Machuca et al., 2004). Along this multiphase 

characteristic, we emphasised the acute importance of these activities within the 

evaluation stage, alongside its influence within subsequent stages.  
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Figure 5 Number of studies by category 

 

In order to report the most commonly examined themes in the AMT adoption literature, 

figure 5 provides an overview of the total number of studies relevant to each category. 

It can be noted that the frequency of explored themes related to barriers is lower in 

comparison to enablers. Whilst the above figure highlights the extent of empirical 

evidence for each category, our study attempts to uncover the relative significance of 

each barrier and enabler within the adoption process. Thus, our analysis first identifies 

the relevance of each category to the relevant adoption stages identified in Table 1. 

Subsequently, within sections 4.3 and 4.4 we then examine the empirical findings of 

prior studies with respect to the relative importance of each barrier and enabler.  

Table 1. Multiphase and Stage-specific Barriers and Enablers 

Barriers/
Enablers 

Main category Sub-category                                                          Process Stages 

Evaluation Set-up and 
Installation 

Post 
Installation 

 
Barriers 

Economic Barriers (Multiphase) High cost of capital     

Barriers to investment justification    

Organisational Constraints 
(Multiphase and Stage-specific) 

Lack of AMT project vision    

Difficulties in buyer-supplier relationship    

Set-up preparation difficulties Not Significant    

Personnel-related Issues 
(Multiphase) 

Skills development issues    

Employee resistance    

Technology Barriers (Multiphase 
and Stage-specific) 

Shop-floor disruption Not Significant   

Technology system issues    

Data security constraints    

Policy and Regulation Barriers 
(Multiphase) 

Lack of standardisation    

Threats to intellectual property     

Lack of Government support    

Lack of information    

Enablers Technology Selection and 
Strategy (Multiphase) 

Manufacturing competitive priorities    

Management of AMT complementarities    
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Policies and Government 
Programmes (Multiphase) 

Manufacturing relocation policies    

 AMT adoption programmes    

Capability Enablers (Multiphase 
and Stage-specific) 

AMT project management     

Absorptive capacity    

Management of human resource policies    

Complementary process redesign Not Significant   

Technology integration    

Corporate Structure (Multiphase) Size    

Ownership    

Culture    

  

 
 

4.3 Barriers  

Table 2 provides a summary of the five main barriers and the sub-categories identified 

within each, with description of empirical evidence alongside each category. In the 

remainder of this section we synthetize the most representative themes of AMT 

barriers influencing AMT adoption: economic, organisational, personnel-related, 

technology, policy and regulation barriers.  

The majority of studies capturing Economic Barriers (Multiphase) highlight the 

significant high cost of capital issues related to initial  liquidity constraints which may 

hinder firms in doing so, and which may differ by industry sector, AMT and firm type 

(Arvanitis and Hollenstein, 2001; Harrington et al., 2017 Müller et al., 2018). For 

example, additive manufacturing demands high costs in acquiring knowledge on 

material properties, process costs, and system installation (Chan et al., 2018; Dwivedi 

et al., 2017). Other studies reported barriers to investment justification such as lack of 

long-term planning capabilities or methods to evaluate the AMT investment also at later 

stages of the adoption process (Díaz et al., 2005).  

The results of several papers describe Organisational Constraints (Multiphase and 

Stage-specific) as challenges linked to communicating and executing the 

technological change. The lack of AMT project vision reflects the lack of AMT 

champions, difficulties in creating a business case, or reorganising production routines 

(Baldwin and Lin, 2002; Efstathiades, 2000; MacDougall and Pike, 2003; Díaz et al., 

2003; Sjödin et al., 2018). These constraints may  also reflect inter-organisational 

challenges in managing buyer-supplier-relationship (BSR) where the adopter’s lack of 

trust in a supplier may impact the whole adoption process (Machuca et al., 2004; 

Efstathiades, 2000). One study in particular also allowed us to identify set-up 

preparation difficulties (stage-specific) resulting in the planning done during 

implementation and negatively impacting later stages (Machuca et al., 2004).  

 Higher relevance to stage 

Lower relevance to stage 
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Changes in the technology system may result in Personnel-related Issues 

(Multiphase) which appear evident during installation and later stages, with some 

reporting them as relevant to evaluation criteria (Borges and Tan, 2017).  These issues 

range from employee resistance such as threat to established competencies (Sjödin 

et al., 2018), or skills development issues causing several months of installation delays 

(Swamidass and Linch, 2002). Alternatively, some authors also described employee 

resistance as fear of job losses in unionised firms (Baldwin and Lin, 2002; Small and 

Yasin, 2000; Bogers et al., 2017). Boothby et al. (2010) identified skills gaps, which 

differed by sector. For example, beverage and tobacco firms lacked AMT integration 

and control skills. This study also concluded that manufacturers who adopted strategic 

training programmes achieved higher productivity outcomes. The theme of skills gap 

is common to other studies (Baldwin and Lin, 2002), also reporting design skills 

challenges for additive manufacturing or lack of big data analysis skills for Industrial 

Internet of Things (IIoT) (Ford and Despeisse, 2016; Kiel et al., 2017; Mellor et al., 

2014).  

Evidence showed that Policy and Regulation Barriers (Multiphase) may impact the 

whole adoption process but with high relevance in evaluation stages. These include 

gaps in the regulatory system and government initiatives, which fail to incentivise 

industry standards and the diffusion of knowledge on AMT applications and costs 

(Dwivedi et al., 2017). Some studies highlight lack of safety, material properties, 

production methods or design standards (Harrington et al., 2017; Wagner and Walton, 

2016). Evidence on additive manufacturing adopters reveals threat to intellectual 

property (IP) alongside the risk of infringing copyrights for the design and printing of 

products (Chan et al., 2018). From a policy level, several studies analyse the lack of 

government support emphasising inconsistent adoption policies (Baldwin and Lin, 

2002) especially for additive manufacturing readiness (Durach et al., 2017; Dwivedi et 

al., 2017; Samford et al., 2017). In line with this, Baldwin and Lin, (2002) contexualise 

a lack of information for AMTs within markets where information is imperfect. Several 

qualitative studies show that this results in the lack of awareness on technology 

applications and capabilities (Alcorta, 1999; Durach et al., 2017; Meier et al., 2019; 

Mellor et al., 2014). 

The programmable nature of AMTs also enhances the risk of different Technology 

Barriers (Multiphase and Stage-specific) in the form system malfunctions impacting 
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operations, data security, and problems with the integration of AMT components. For 

example, qualitative studies provide evidence on shop-floor disruption (stage-specific) 

highlighting the viewpoint of operators on malfunctions when the system is operating 

(Burcher et al., 1999; Müller et al., 2018; Sjödin et al., 2018).  

Linked to these malfunctions, empirical evidence in both quantitative and qualitative 

studies stresses the importance of technology system issues (Multiphase). Challenges 

due to the Integration of AMTs with existing information systems during installation 

(Burcher et al., 1999; Soliman et al., 2001; Swamidass and Winch, 2002). These may 

be also taken into account as anticipated risk factors impacting adoption decision 

(Hofmann and Orr, 2005). Alternatively, other studies have also shown that the low 

maturity of additive manufacturing technologies may still pose challenges linked to 

prototyping inaccuracies or integration of hybrid systems (Ford and Despeisse, 2016; 

Meier et al., 2019; Mellor et al., 2014; Wagner and Walton, 2016). 

Recent articles also emphasized the barrier linked to sharing data across supply chains 

posing data security constraints (Multiphase). These studies report factors linked to 

information sharing risks impacting decision to adopt (Bibby and Dehe, 2018; Müller et 

al., 2018; Stentoft and Rajkumar, 2019). 

Table 2. Barriers 

Main Barrier 
category 

Sub-category Empirical evidence of Barriers  Authors 

Economic 
Barriers 
(Multiphase) 

High cost of capital Cost of training 
Cost of IT infrastructure 
Sunk costs to system adaptation  
Liquidity constraints 
High costs of machine parks 
Unbalanced costs against perceived customer value 
in SMEs 
Outsourcing of data analysis  

(Arvanitis and Hollenstein, 
2001; Arvanitis et al., 2002; 
Baldwin and Lin, 2002; Chan 
et al., 2018; Dwivedi et al., 
2017; Müller et al., 2018; 
Harrington et al., 2017) 

Barriers to investment 
justification 

Overuse of financial indicators 
Difficulties in long-term planning of resources 
Lack of contextualised AMT investment criteria 

(Díaz et al., 2005; 
Efstathiades et al., 2002; 
Sjödin et al., 2018) 

Organisational 
Constraints 
(Multiphase and 
Stage-specific) 
  
  
  
  
  
  

Lack of AMT project vision 
(Multiphase) 

Reticence from executives 
Lack of a project-based team  
Lack of common smart factory values among 
employees 
Lack of AMT project champion 
Difficulties in creating a business case 
Difficulties in integrating new processes  

(Baldwin and Lin, 2002; 
Banker et al., 2006; Chaudhuri 
et al., 2017; Díaz et al., 2003; 
Efstathiades et al., 2002; 
Harrington et al., 2017; 
MacDougall and Pike, 2003; 
Machuca et al., 2004; Sjödin 
et al., 2018) 
 

Difficulties in buyer-supplier 
relationship (Multiphase) 

Uncertainty of technological needs 
Difficulties in contractual agreements 
Lack of trust with system vendors 

(Chaudhuri et al., 2019; 
Durach et al., 2017; 
Efstathiades et al., 2000, 
2002) 

Set-up preparation difficulties 
(Stage-specific) 

Lack of implementation plan (Machuca et al., 2004) 

Personnel- 
related Issues 
(Multiphase) 

Skills development issues 
  
  

Educating designers and engineers to additive 
manufacturing use and benefits 
Lack of skills by manufacturing sector 
Lack of Big Data analysis competencies 
Shortage of skills in the labour market 

(Alcorta, 1999; Boothby et al., 
2010; Chaudhuri et al., 2019; 
Dwivedi et al., 2017; Ford and 
Despeisse, 2016; Kiel et al., 
2017; Mellor et al., 2014; 
Swamidass and Winch, 2002)  

Employee resistance Psychological resistance to routine changes 
Threat to established competencies 
Job automation constraints within unionised firms 

(Baldwin and Lin, 2002; 
Borges and Tan, 2017; Ghani 
et al., 2002; Dwivedi et al., 
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2017; Hutchison and Das, 
2007; Müller et al., 2018; 
Sjödin et al.,2018; Small and 
Yasin, 2000) 

Policy and 
Regulation 
Barriers 
(Multiphase) 

Lack of standardisation Lack of standards for additive manufacturing  
Need for standardised continuous manufacturing 
process 
Lack of standards in electronic data interchange 
(EDI) 

(Ford and Despeisse, 2016; 
Harrington et al., 2017; Müller 
et al., 2018; Wagner and 
Walton, 2016) 

Threat to intellectual property 
  
  

IP infringement using additive manufacturing  
 

(Chan et al., 2018; Dwivedi et 
al., 2017; Ford and Despeisse, 
2016; Mellor et al., 2014; 
Wagner and Walton, 2016) 

Lack of Government support  
 

Lack of policies for additive manufacturing 
Lack of tax-credit 
Lack of communication between Research Institutes 
and SMEs  

 (Baldwin and Lin, 2002; 
Durach et al., 2017; Dwivedi et 
al., 2017; Efstathiades et al., 
2000; Harrington et al., 2017; 
Samford et al., 2017) 

Lack of information 
  
  

Additive manufacturing information asymmetry  
Lack of awareness of AMT potential 
Lack of scientific and technical information 
 

(Alcorta, 1999; Baldwin and 
Lin, 2002; Durach et al., 2017; 
Dwivedi et al., 2017; Meier et 
al., 2019; Mellor et al., 2014; 
Stentoft and Rajkumar, 2019) 

Technology 
Barriers 
(Multiphase and 
Stage-specific) 

Shop-floor disruption 
(Stage-specific) 

Malfunctions of interconnected machines 
Overflow of data analysis for decision-making 
Dispersed level of connectivity 
Difficulties in data integration 

(Harrington et al., 2017; 
Hofmann and Orr, 2005; 
MacDougall and Pike, 2003; 
Schroder and Sohal., 1999; 
Sjödin et al., 2018) 

Technology system issues 
(Multiphase) 

Issues in changing to small batches and automated 
machines 
Issues in integrating CAD/CAM 
Differences between prototypes and final product  
Additive manufacturing limitations 

(Burcher et al., 1999; 
Chaudhuri et al., 2019; Durach 
et al., 2017; Dwivedi et al., 
2017; Ford and Despeisse, 
2016; Harrington et al., 2017; 
Mellor et al., 2014; Müller et 
al., 2018; Soliman et al., 2001; 
Swamidass and Winch, 2002; 
Wagner and Walton, 2016) 

 
 
 
 

Data security constraints 
(Multiphase) 

 

Risk of stolen proprietary information 
Responsibility of managing different data sources 
Lack awareness on data security problems 

(Bibby and Dehe, 2018; Kiel et 
al., 2017; Müller et al., 2018; 
Stentoft and Rajkumar, 2019) 

4.4 Enablers 

Consistently with section 4.4., Table 3 provides a summary of the empirical evidence 

of the four main enablers: technology selection and strategy, policy and government 

programmes, capability enablers, and corporate structure. 

A large number of studies examine the theme of Technology Selection and Strategy 

(Multiphase) as an enabler of successful adoption and performance. More specifically 

through the alignment of manufacturing strategy and selected AMT components. This 

enabler is highly relevant during evaluation, although changes to strategic objectives 

may be required at later stages, as manufacturers analyse the technical and business 

benefits (MacDougall and Pike, 2003).  

A cost leadership strategy requires manufacturers to adopt high volume automation 

technologies, whereas innovation or differentiation strategies entail, for example, the 

integration of different AMT components (Gomez and Vargas, 2012; Hutchison and 

Das, 2007; Kotha and Swamidass, 2000; Niaki et al., 2019; Raymond and Croteau, 

2006; Raymont and St-Pierre, 2005; Theodorou and Florou, 2006). Another strand of 

literature classifies adopter categories by testing how business or manufacturing 
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strategies characterise the type of AMT investment or performance (Boyer, 1999; 

Jonsson, 2000).  

Other studies examine the management of AMT complementarities. Firms with an 

aggressive technology strategy are likely to invest in AMT  and  their trajectory is 

generally sequential (e.g. from stand-alone to integrated systems) with different 

utilisation patterns by industry (Percival, 2009; Spanos and Voudouris, 2009). 

Evidence extending this viewpoint, highlights that experience with AMTs will ease the 

adoption of complementary systems also leading to innovation performance (Bourke 

and Roper, 2016).  

Only a small portion of our sample focused on the enabling role of Policies and 

Government Programmes (Multiphase) throughout the process. One study focused 

specifically on AMT adoption programmes supporting organisational changes, training, 

and the formulation of an adoption plan (Arvanitis et al., 2002). In the case of additive 

manufacturing, these programmes facilitated the development of capabilities to 

introduce new products, processes, and services (Samford et al., 2017). Two studies 

report findings on how relocation of manufacturing plants from offshore countries was 

stimulated by both government and private entities, in order to leverage market 

advantages and local resources (Ancarani et al., 2019; Dachs et al., 2019). Others 

report SMEs leveraging government assistance for different levels of AMT 

implementations (Müller et al., 2018).  

Capability Enablers (Multiphase and Stage-specific) summarise organisational and 

inter-organisational capabilities relevant to management support, deployment of best 

practices, and technology system integration. 

For example AMT project management capability (multiphase) presents high relevance 

in evaluation phases, when the project needs to be planned, developed and 

communicated. First, in order to gain initial AMT knowledge, studies highlight the 

importance of visiting trade fairs, engaging with suppliers to test technologies or 

exchanging information within internal manufacturing councils (Alcorta, 1999; 

Hottenstein et al., 1999; Díaz et al., 2003).  

Planning the change is a key capability to achieve higher productivity, reduce 

performance gaps after implementation, and to control threats from employee 

resistance (Ghani et al., 2002). To do so, studies have highlighted the need of AMT 
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champions and management support to drive the change (Agostini and Nosella, 2019; 

Challis et al., 2005; Schniederjans, 2017) and engaging in conversations with 

employees, suppliers, for both the formulation of AMT strategy and to create a 

business case (Burcher et al., 1999; Ghobakhloo, 2019; Harrington et al., 2017; Lewis 

and Boyer, 2002; Sjödin et al., 2018; Tracey et al.,1999; Wagner and Walton, 2016). 

Two studies demonstrated how the use of decision attribute frameworks enables 

higher implementation performance based on the type of tangible and intangible 

benefits considered (Ordoobadi and Mulvaney, 2001; Saleh, 2001).  The time involved 

to adopt and implement the AMT system, may also be biased by evaluation methods, 

ranging from three to twenty four months with the size of the company impacting this 

timeframe (Hofmann and Orr, 2005; Schroder and Sohal., 1999).  

Managing an AMT project also incorporates the capability to manage the relationship 

with suppliers from evaluation to later stages. Trust and commitment play a key role 

towards technology development and implementation performance (Rahman et al., 

2009). Some studies consider this an enabler of higher R&D and product innovation 

outcomes (Bourke and Roper, 2016; Szalavetz, 2019). 

Along these project-related capabilities, absorptive capacity (Multiphase) is critical to 

absorb knowledge. Several studies in fact, consider it as an antecedent to adoption 

measured through level of workforce education (Arvanitis and Hollenstein, 2001; 

Oettmeier and Hofmann, 2017; Spanos and Voudouris, 2009). Others have assessed 

it through search, identification and use of new knowledge (Agostini and Nosella, 

2019), or experience with prior AMTs (Gómez and Vargas, 2012).  

In order to resolve personnel-related issues, a highly consistent theme in the literature, 

is the management of human resource policies (multiphase). Also in this case, key 

policies occur from installation but the anticipated impact of AMT on working conditions 

is also taken into account before installation (Efstathiades et al., 2002). HR policies for 

AMT adoption generally focus on the increased relationship between variety of 

products inducing production and flexibility job variants (Challis et al, 2005; Heijties, 

2000; Pagell et al., 2000; Swamidass and Winch, 2002). Recently, Butschan et al. 

(2019) demonstrated that in IoT contexts cognitive competencies (ability to elaborate 

and learn) and processual competencies (ability to adapt to new processes) lead to 

higher divisional performance. In order to assess the required competencies, the 

continuous monitoring of workers plays a significant role in the development of skills 
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for AMT (Waldeck, 2007; Waldeck and Leffakis, 2007). This extends to managing 

policies on high performance work pay systems, which enable greater performance 

(Han and Liao, 2010; Machuca et al., 2004). 

Complementary process redesign (stage-specific) summarises two levels of process 

redesign: internal routines and inter-organisational capabilities. Both have high 

relevance in post-installation.  In the first case, processes may be redesigned to 

facilitate internal organisational integration (Brandyberry et al., 1999; Moyano-Fuentes 

et al., 2016). More commonly, this refers to the application of practices such as design-

manufacturing integration (DMI), virtualisation and integration of processes enabling 

higher level of technology use and performance (Candi et al., 2019; Challis et al., 2005; 

Percival and Cozzarin, 2010; Sohal et al., 2006; Swink and Nair, 2007; Szalavetz, 

2019). On the contrary inter-organisational redesign of processes entails reconfiguring 

workflows for a more efficient cooperation with customers and suppliers ecosystems 

enabling product improvement and plant efficiency (Banker et al., 2006; Cagliano and 

Spina, 2000). Recently, this capability has been reported in IoT contexts, where 

product data is utilised to dynamically improve products and services (Kiel et al., 2017; 

Hasselblatt et al., 2018; Rymaszewska et al., 2017). Similarly, other studies report that 

additive manufacturing embeds a higher supply chain integration positioning 

customers as co-producers (Chan et al., 2018; Delic et al., 2019; Oettmeir and 

Hofmann, 2017; Meier et al., 2019). 

Aligned to process redesign is the technology integration capability (multiphase), highly 

relevant from set-up installation to later stages. This includes the need to structure 

adequate ‘technology layers’ for seamless integration. For example, structuring 

technology-service architecture, IoT business units, and vertical/horizontal data 

integration (Bibby and Dehe, 2018; Dalenogare et al., 2018; Ghobakhloo, 2019; 

Hasselblatt et al., 2018; Yeh and Chen, 2018). One study provided evidence on the 

benefits of integrating internally developed technologies to externally sourced AMTs, 

leading to higher manufacturing plant performance (Nair and Swink, 2007). In line with 

this perspective, an adequate technological sophistication can lead to both higher 

productivity and growth in market share (Baldwin and Sabourin, 2002).  

Corporate Structure (Multiphase) includes the moderating roles of size and 

ownership, and the importance of culture. 
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Size has been examined in many studies as contextual enabler (Sohal et al., 2006). 

Larger firms are more likely to invest in AMTs, also as a result of experience associated 

to firm age (Arvanitis and Hollenstein, 2001). Studies analysed themes such as the 

different AMT strategy in different SMEs (Raymond and St-Pierre, 2005; Müller et al., 

2018), or where size is associated to the development of organisational capabilities 

(Burcher et al., 1999). Ownership instead enables the access to the knowledge base 

of the parent firm resulting in higher performance and AMT adoption (Beaumont et al., 

2002; Gómez and Vargas, 2012; Szalavetz, 2019).  

Another highly consistent theme is culture. Cultural values can be flexible or 

hierarchical, enabling efficient decision-making along production (Khazanchi et al., 

2007; Kiel, 2017; Lewis and Boyer, 2002; Sjödin et al., 2018; Stock and McDermott, 

2001). In addition, culture in AMT adoption is also linked to the required openness to 

change, and “digital culture” presented as a degree of readiness to Industry 4.0 (Bibby 

and Dehe, 2018; Kiel et al., 2017; Ghobakhloo, 2019). 

Table 3. Enablers 

Main Enabler 
Category 

Sub-category Empirical evidence of Enablers Authors 

Technology 
Selection and 
Strategy  
 (Multiphase) 
 

Manufacturing 
competitive priorities 
  
  
  
  

Alignment of strategy and technology 
Trade-offs for product-process strategy 
Additive manufacturing enabling role changes in 
the supply chain  
Reconsidering objectives along the adoption 
process 
AMT adopter categories 
 
 

(Burcher et al., 1999; Boyer and Lewis, 
2002; Díaz et al., 2003; Efstathiades et 
al., 2002; Gomez and Vargas, 2012; 
Hutchison and Das, 2007; Jonsson, 
2000; Kotha and Swamidass, 2000; 
Lewis and Boyer, 2002; Mellor et al., 
2014; Müller et al., 2018; Niaki et al., 
2019; Öberg and Shams, 2019; 
Raymond and Croteau, 2006; Raymond 
and St-Pierre, 2005;  Theodorou and 
Florou, 2006)  

Management of AMT 
complementarities 

Sequential AMT adoption  
Complementary AMT adoption  
 

(Bourke and Roper, 2016; Boyer, 1999; 
Lewis and Boyer, 2002; Spanos and 
Voudouris, 2009) 

Policies and 

Government 

Programmes 

(Multiphase) 

Manufacturing 

relocation policies 

Government support for backshoring 
Local investment, tax incentives 

(Ancarani et al., 2019; Dachs et al., 

2019) 

AMT adoption 

programmes 

Training programmes 
Provision of  spaces/consultancy 
Formulation of adoption plan 
Enhanced R&D capabilities for SMEs 
Joint ventures for AMT adoption 

(Arvanitis et al., 2002; Bourke and 

Roper, 2016; Samford et al., 2017; Yeh 

and Chen, 2018) 

Capability 
Enablers 
(Multiphase and 
Stage-specific) 

AMT project 
management  
(Multiphase) 
  

Planned change process  
Preliminary contacts with  AMT suppliers 
Visiting trade fairs 
Management support  
Communication of AMT investment 
Collaborating with AMT institutes 
Strategic, analytic, economic evaluations 
Identification of critical decision attributes 
Pilot projects reducing uncertainty 
Engaging with virtual communities to achieve 
additive manufacturing knowledge 
Manufacturing managers involved in strategy 
formulation  
Closer buyer-supplier relationship leads to 
successful implementation and innovation 
Presence of AMT champions leads to higher 
manufacturing performance 

(Agostini and Nosella, 2019; Alcorta, 
1999; Bourke and Roper, 2016; 
Burcher et al., 1999; Boyer, 1999; 
Boyer and Lewis, 2002; Challis et al., 
2005; Díaz et al., 2003; Efstathiades et 
al., 2002; Ghani et al., 2002; 
Ghobakhloo, 2019; Harrington et al., 
2017; Hasselblatt et al., 2018; Hofmann 
and Orr, 2005; Hottenstein et al., 1999; 
Hutchison and Das, 2007; Oordobadi 
and Mulvaney, 2001; Rahman et al.., 
2009; Saleh et al., 2001; 
Schniederjans, 2017; Schroder and 
Sohal., 1999; Sjödin et al., 2018; 
Szalavetz, 2019; Tracey et al., 1999; 
Tsai and Yeh, 2019)  
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Absorptive capacity 
(Multiphase) 

 
Antecedent to adoption 
Higher level of employee education 
Internal R&D  
Prior experience with AMT 
Search, use, identification of knowledge  

 
(Agostini and Nosella, 2019; Arvanitis 
et al., 2002; Arvanitis and Hollenstein, 
2001; Bourke and Roper, 2016; 
Oettmeier and Hofmann, 2017; Spanos 
and Voudouris, 2009)  

 
Management of human 
resource policies 
(Multiphase) 
 

 
Training between operators and managers 
High performance pay work systems 
Customisation of training for job variant  
Processual and cognitive competencies 
development 
On-the-job training 
HR managerial perceptions 
Worker Assessment Development (WDA) 
 

 
(Butschan et al., 2019; Challis et al., 
2005; Han and Liao, 2010; Heijltjes, 
2000; Machuca et al., 2004; Pagell et 
al., 2000; Sjödin et al., 2018; Szalavetz, 
2019; Swamidass and Winch, 2002; 
Waldeck, 2007; Waldeck and Leffakis, 
2007) 

Complementary process 
redesign  
(Stage-specific) 

Design for Manufacturing Integration (DMI) 
Digital business model capabilities for service 
delivery 
Engineering management practices 
JIT practices 
Manufacturing capabilities predicting adoption 
Simulation of work cells and assembly lines 
redesign  
Virtual engineering practices for product design 

(Banker et al., 2006; Brandyberry et al., 
1999; Cagliano and Spina, 2000; Candi 
and Beltagui, 2019; Challis et al, 2005; 
Hasselblatt et al., 2018; Kiel et al., 
2017; Moyano-Fuentes et al., 2016 
Müller et al., 2018; Percival and 
Cozzarin, 2010; Sjödin et al., 2018; 
Spanos and Voudouris, 2009; Swink 
and Nair, 2007; Szalavetz, 2019; 

Collaborative Prototyping 
Intense relationship with IT partner network 
Partners for innovation activities 
IoT platform ecosystem management 
Collaboration with IT consultants 
Collaboration with sales specialists  
Reconfiguration of value networks for continuous 
manufacturing 

Bourke and Roper, 2016; Delic et al., 

2019; Harrington et al., 2017; 

Hasselblatt et al., 2018; Kiel et al., 

2017; Meier et al., 2019; Moyano-

Fuentes et al., 2016; Müller et al., 2018; 

Öberg and Shams, 2019; 

Rymaszewska et al., 2017) 

Technology integration  
(Multiphase) 

Scalable solution Platforms 
Smart manufacturing layers 
Data integration across factories 
Interdepartmental data integration 
IoT business units 
Internal process technology development  

(Baldwin and Sabourin, 2002; Bibby 
and Dehe, 2018; Dalenogare et al., 
2018; Ghobakhloo, 2019; Kiel et al., 
2017; Hasselblatt et al., 2018; Nair and 
Swink, 2007;  Percival, 2009; 
Rymaszewska et al., 2017; Sjödin et 
al., 2018; Soliman et al., 2001; Yeh and 
Chen, 2018) 

Corporate 
Structure 
(Multiphase) 

Size  
 
 
 
 
 
 

Size impacting AMT strategy 
Size impacting organisational policies  
Size impacting adoption process management  
Size impacting productivity 
Size correlated to backshoring 
Size correlated to level of training 
 

(Alcorta, 1999; Arvanitis and 
Hollenstein, 2001; Arvanitis et al., 2002; 
Banker et al., 2006; Baldwin and 
Sabourin, 2002; Boothby et al., 2010; 
Burcher, 1999; Cagliano and Spina, 
2000; Díaz et al., 2003; Dachs et al., 
2019; Gomez and Vargas, 2012; 
Khazanci et al., 2007; Jonsson, 2000; 
Kotha and Swamidass, 2000; 
MacDougall and Pike, 2003; Müller et 
al., 2018; Pagell et al., 2000; Percival 
and Cozzarin, 2010; Raymond and 
Croteau, 2006; Raymond and St-Pierre, 
2005; Sohal et al., 2006; Spanos and 
Voudouris, 2009; Schniederjans, 2017; 
Swink and Nair, 2007) 

Ownership Facilitates access to the knowledge base of parent 
firm 
Relocation advantages in owned factories 
Influential driver of innovation output 
 

(Ancarani et al., 2019; Alcorta, 1999; 
Arvanitis and Hollenstein, 2001; 
Arvanitis et al., 2002; Baldwin and 
Sabourin, 2002; Beaumont et al., 2002; 
Bourke and Roper, 2016; Burcher et al., 
1999; Gómez and Vargas, 2012; 
Szalavetz, 2019) 

Culture 
 

Congruence of values facilitating shop-floor 
operations 
Readiness to Industry 4.0 
Smart factory culture 
Shift to software oriented culture 

(Bibby and Dehe, 2018; Ghobakhloo, 
2019; Khazanchi et al., 2007; Kiel et al., 
2017; Sjödin et al., 2018; Stock and 
McDermott, 2001)  

 

4.5 Adoption barriers, enablers, and innovation types 

In this section, we synthetize the key differences between AMT barriers, enablers and 

different innovation types, from the results of studies who explicitly refer to this 

relationship. With Table 4 we present the overall results, whilst figure 5 provides a 



   

24 
 

visual illustration of two of the barriers and enablers with relevance to stages and their 

link to the four innovation types.  

With regards to Barriers, additive manufacturing studies report different Technology 

Barriers. In a study combining product and process innovation, Meier et al. (2019) 

identified the limitations of additive manufacturing resulting in discrepancies between 

the prototype and the final product. By contrast, for sustainable business model 

innovation, challenges relate to integrating additive manufacturing with hybrid 

technologies (Ford and Despeisse, 2016). Policy and Regulation Barriers are highly 

relevant to business model innovaiton, where studies report standardisation issues for 

materials application and electronic data interchange (EDI) (Ford and Despeisse, 

2016; Müller et al., 2018). Personnel-related Issues associated to process innovation 

mainly reflect employee resistance to routine changes, as opposed to the challenge of 

developing skills for additive manufcturing use (Ford and Despeisse, 2016) or big data 

analysis for IIoT (Kiel et al., 2016) relevant to business model innovation.  

Moving to Enablers, greater differences were evident. Bourke and Roper (2016), 

report government programmes, complementary adoption of AMTs as associated to 

product innovation outcomes and resulting from learning-by-using effects (e.g. Policy 

and Government Programmes, Technology Selection and Strategy). Alternatively, 

government support is also critical for SMEs seeking assistance for business model 

innovation (Müller et al., 2018). 

Among Capability Enablers, absorptive capacity has a significant relationship to 

product innovation, when related to the percentage of workforce with education and 

internal R&D capacity (Bourke and Roper, 2016). Whereas for process innovation it 

may relate to workforce education and administrative capabilities (Spanos and 

Voudouris, 2009). Another difference is complementary process redesign: 

manufacturing and production capabilities are associated to process innovations 

(Sjödin et al., 2018), whereas the redesign of inter-organisational collaborations fosters 

product innovation (Meier et al., 2019). The latter characteristic is also common to 

studies which refer to business model and service innovations where customer 

relationship intensifies to either customise products or monetise data as a service 

(Ford and Despeisse, 2016; Hasselblatt et al., 2017; Müller et al., 2018; Rymaszewska 

et al., 2017).  
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By contrast, Spanos and Voudouris, (2009) argue that AMTs are strategically irrelevant 

to product innovation in contexts that prioritise process efficiencies. This is consistent 

with Arvantis et al. (2002). We argue that this also depends on the type and level of 

application of AMTs.  For example, Candi et al., (2019) found less significant process 

changes and contribution to product innovation when 3D printing is not fully integrated 

in the NPD process. 

With respect to Corporate Structure, there are key differences for culture: the 

congruence of values for shop-floor decision-making, leads to higher process 

innovation performance (e.g. lead times, scrap reductions) (Khazanci et al., 2007). In 

the case of business model innovations, the radical change from a product-oriented to 

a software and customer intensive culture forms a critical enabler in IIoT (Kiel et al., 

2017). 

Table 4. Barriers, Enablers, and Innovation types 

Innovation 
Types 

Barriers/Enablers 
Main Category 

Sub-Category Aspects relevant to innovation types Authors 

Product 
Innovation 

Technology Selection 
and Strategy 

Management of AMT 
complementarities 

Complementary adoption of AMTs (Bourke and 
Roper, Candi et 
al., 2019) AMT Project Management BSR relationship 

Policy and Government 
Programmes 

AMT adoption programmes Government support for product innovation  

Capability Enablers Absorptive capacity In-house R&D capacity 
Percentage of workforce with degree 

Complementary process 

redesign 

Collaborations with customers/research 
institutes 
Orchestration of resources for NPD 

Corporate structure Size/Ownership Large and owned firms driving innovation 
outputs 

Product 
and 
Process 
Innovation 

Policy and Regulation 
Barriers 

Lack of information Lack of awareness on additive 
manufacturing applications 

(Meier et al., 2019) 

Technology Barriers Technology system issues Differences between prototypes and final 
product 

Capability Enablers Complementary process 
redesign 

Prototyping activities with customers and 
suppliers 

Process 

Innovation 

  

Economic Barriers High cost of capital 
Barriers to investment  

Lack of financial resources 
Lack of long-term planning of resources 

(Arvanitis et al., 
2002; Khazanchi 
et al., 2007; 
Spanos and 
Voudouris, 2009; 
Sjödin et al., 2018) 

Organisational 
Constraints 

Lack of AMT project vision Lack of understanding smart factory benefits 
 

Personnel-related 
issues 

Employee resistance Threat to established competencies 
Resistance to routine change 

Technology Barriers Shop-floor disruption Overflow of data analysis for decision-
making 
 

Technology Selection 
and Strategy 

Manufacturing competitive 
Priorities 

Evaluation of AMT against  competitive 
priorities 

Management of AMT 
complementarities 

AMT sequential adoption 

Policy and Government 
Programmes 

AMT adoption programmes Formulation of adoption plan 
Support for capability development  

Capability Enablers AMT project Management Collaborative effort to formulate a business 

case   

Management of human 
resource policies 

Targeted training programmes 

Complementary process 
redesign 

Manufacturing/Production capabilities 
Internal data analysis and production 
forecasting 

Technology Integration Create systems to monitor operational and 
supply chain analytics 

Corporate Structure Culture Congruence of values for shop-floor 
decision-making 

Business 

model and 

Economic Barriers High Cost of Capital Outsourcing of data analysis services 
High Machine costs 

(Ford and 
Despeisse, 2016; 
Kiel et al., 2017; 
Hasselblatt et al., 

Organisational 
constraints 

Difficulties in BSR Threat of product data transparency for 
SMEs 
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Service 

Innovation 

 

Personnel-related 
Issues 

Skills development issues Lack of Big Data analysis skills 
Educating designers and engineers to 
additive manufacturing use and benefits  

2017; Müller et al., 
2018; 
Rymaszewska et 
al, 2017) Policy and Regulation 

Barriers 
Lack of standardisation Lack of standards for EDI or additive 

manufacturing material use 
Lack of information Lack of knowledge of environmental 

performance of additive manufacturing 
Technology Barriers Shop-floor disruption Malfunctions of machines dragging 

disruption 
Technology system issues Data Security hindering adoption in SMEs 

Lack of expertise in global connectivity  
Integration of additive manufacturing with 
hybrid technologies 

Technology Selection 
and Strategy 

Manufacturing competitive 
priorities 

Categories of SMEs and AMT priorities  
 

Policy and Government 

Programmes 

AMT adoption programmes SMEs upgrading to Industry 4.0 business 
model seek assistance  

Capability Enablers AMT project management  Top Management support for 
service/business model development 

Management of human 
resource policies 

High level of technical expertise/employee 
training 

Complementary process 
redesign 

High focus on inter-organisational 
processes leveraging data for new value 
propositions 

Technology integration Vertical and horizontal data integration for 
service deployment 

Corporate Structure Culture Change from product to software oriented 
culture 

  

Figure 6 provides an illustrative example of two of the key barriers and enablers and 

their differences by innovation type which are summarised in Table 1. Utilising the 

discussion within sections 4.3 and 4.4, we also illustrate (captured in the shaded 

boxes) their relative relevance to each of the three adoption stages (captured in 

Table 1). 

Figure 6.  Barriers, Enablers, Stages and Innovation types 
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5. Discussion 

Our systematic review provides several contributions to the AMT literature. First, we 

contribute to Sohal et al. (2006) who identified the need to see AMT adoption as an 

interactive learning process and that requires greater attention in future studies. In 

response to this, we have uncovered that AMT adoption, influenced by barriers and 

enablers can lead to different innovation types as outcomes (Bourke and Roper, 2016; 

Ford and Despeisse 2016). However, this review also revealed that despite the close 

relationship between adoption and innovation, surprisingly few studies have examined 

this interrelationship (Gomez and Vargas, 2012).  

Our second contribution is to studies identifying the need to review categories of AMT 

barriers and enablers (Chen and Small, 1996; Sambasivarao and Deshmukh, 1995; 

Sony and Naik, 2019). We respond to these works by outlining five main categories of 

barriers and four main categories of enablers as well as related sub-categories. In 

doing so we also extended the work of articles who attempted to position barriers and 

enablers within adoption stages (Efstathiades et al., 2002; Machuca et al., 2004). 

However, our integrated framework enabled us to provide a more comprehensive 

outline of the evolution of barriers and enablers across stages. Our final synthesis 

provides a dynamic view of barriers and enablers, distinguishing them between 

multiphase and stage-specific categories, and reporting the higher or lower relevance 

by stage. This is particularly evident for capability enablers such as AMT project 

management: planning and communicating AMT objectives, may reduce barriers 

linked to installation (Ghani et al., 2002; Rahman et al., 2009). We also conclude that 

this dynamic view is critical to uncover potential sub-stages of the adoption process 

into more clearly defined timelines (Chen and Small, 1994). 

The main contribution of Figures 4 and 6 reflects the fact that large part of the literature 

on AMT neglects this dynamism of the adoption process. This is also due to the 

majority of studies adopting a quantitative approach, neglecting the details of activities 

leading to innovation. Our synthesis of findings aimed for hopefully allowing a 

cumulative knowledge development on the adoption of AMTs.  

Our third contribution is to studies who have explored how barriers and enablers relate 

to technology adoption and innovation types as outcomes (Bourke and Roper, 2016; 

Koellinger, 2008; Santamaria et al., 2009). In response to this, we first classified 
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barriers and enablers by innovation type. Secondly, we demonstrated how AMT 

systems foster interdependent innovation types. This is particularly evident for additive 

manufacturing (e.g. product-process innovation) and IoT enabling product data 

monitoring (Business model-Service innovations). Evidence also suggests that the 

growing importance of servitised business models positions AMTs as key innovation 

drivers (Ford and Despeisse; Kiel et al., 2017). 

6. Concluding Remarks and Policy Recommendations 

Our study indicates that there is an emerging literature on the relationship between 

AMT adoption and innovation. With this in mind, future studies on AMT adoption should 

be informed by the preceding discussion and limitations of our study.  

First, our analysis is based on a literature review. Thus, empirical research should 

integrate the classification of barriers and enablers here presented.  In particular, future 

survey studies should utilise our classification as a foundation to examine the relative 

importance and frequency of occurrence of each category within adoption. Such 

findings would be valuable to both practitioners and policy-makers. Second, our review 

method integrated findings from both quantitative and qualitative studies with the 

objective to gather a scattered body of literature and provide a comprehensive 

overview of barriers and enablers. To do this, we followed the approach adopted by 

prior systematic reviews who included studies within an AMT adoption process 

framework (e.g. Leseure et al., 2004). Future reviews could adopt a meta-analysis 

approach, to examine quantitative studies and identify the relative importance of the 

barriers and enablers they studied, as well as examining specific contextual variables, 

technologies, or industries.  

Third, our review revealed limitations within existing research, resulting from a lack of 

studies using a stage-based approach. Hence, it is possible that some barriers and 

enablers may have greater relevance to different stages than is currently evident in 

existing empirical findings. Future studies should integrate our conceptual model 

describing how barriers and enablers evolve across the adoption process. Moreover, 

there is a need for further studies specifically focused on the post-installation stage as 

to date this stage has received lower attention. Fourth, future research would benefit 

from selecting specific AMT projects in order to compare and contrast different AMT 

systems. 
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Finally, the limited presence in our sample of articles linking AMT to innovation types 

naturally outlines the need for future research in this direction. Overall, benefiting from 

a qualitative approach through multiple case studies to uncover when and how 

innovation opportunities were identified. 

From a policy level, our findings demonstrate that several actions are needed. First, 

AMT policies should be founded on the relative importance of barriers and enablers 

across adoption stages. For example, barriers to investment justification or 

organisational constraints during planning may enhance other barriers such as 

employee resistance in later adoption stages. Such policies should also reflect the 

evidence of studies that demonstrated how firms with an AMT innovation strategy are 

able to overcome different types of barriers (Baldwin and Lin, 2002). Second, our 

findings also identify the need of policies that aim to ensure that manufacturers develop 

the required capabilities to achieve different innovation outcomes. This not only implies 

that these policies be particularly focused on barriers and enablers to enhance 

innovation types, but also on the post-installation stage to support further adaptations.  

Lastly, relevant works also highlighted the importance of innovation policies fostering 

manufacturing ecosystems for AMTs (Bonvillian et al., 2017), which is consistent with 

our findings on the need to develop inter-organisational capabilities with suppliers and 

customers, especially for additive manufacturing and IoT based transformations 

(Teece, 2018).  

Appendix A - List of Journals included in the review      

ABS Journals N 

International Journal of Operations and Production Management 9 

International Journal of Production Research 9 

Technovation 8 

International Journal of Production Economics 6 

Journal of Operations Management 6 

Research Policy 4 

Technological Forecasting and Social Change 3 

Omega 3 

Production Planning and Control 3 

Industrial Management and Data Systems 3 

Journal of Engineering and Technology Management  3 

Journal of High Technology Management Research 2 

Production and Operations Management 2 

International Journal of Physical Distribution and Logistics Management 2 

IEEE Transactions on Engineering Management 2 

Journal of Cleaner Production 2 

Journal of World Business 2 

Journal of Business and Industrial Marketing 2 

Business Process Management Journal 1 

International Journal of Innovation Management 1 

Small Business Economics 1 

Industrial and Corporate Change 1 

Organization Studies 1 

Supply Chain Management 1 
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International Journal of Human Resource Management 1 

Decision Sciences 1 

Research Technology Management 1 

Journal of Business Economics 1 

Business and Politics 1 

MIS Quarterly: Management Information Systems 1 

Technology Analysis and Strategic Management 1 

Management Decision 1 

Economics of Innovation and New Technology 1 

Management Science 1 

Total 87 

Appendix B - Examples of AMT applications from reviewed papers  

Type of AMT  Technology applications  Industry Sector  Focal 
Country  

Authors  

Additive 

Manufacturing  

Implemented for Tooling of car 
doors, motors and seats.  

Automotive parts supplier Germany Chaudhuri et al., 

2019 
Used for Prototyping products for 

people with different medical 

conditions.  

Medical Device Manufacturer Denmark 

Prototyping (47.7%), manufacturing 
(43.2%), tooling (9.1%)  

automotive, aerospace, defence, 
electronics, medical, dental, 
education, 
architecture, art, jewellery, 
education and research 
institutions, 
sporting goods, and food 

industries 

USA, France, 

Germany, 

Italy, UK and 

some 

developing 

nations 

adopters 

Niaki et al., 2019 

IoT systems  Applied data mining and analytics 

for both processes and customer 

product monitoring 

 

23 Manufacturers selected for 

their high innovativeness and 

leadership in Machine and 

Engineering and Automotive 

Sectors  

Germany Kiel et al., 2017 

Used for customer products and 

production line performance: data on 

production orders, set-up time, 

alerts. 

Multinational Sheet Metal 

Processing Machinery 

Manufacturer operating in 

different sectors  

Finland Rymaszewska et 

al., 2017 

CNC machines Used to increase efficiency and 

perform Rapid Prototyping, 

computerise existing systems and 

the manufacturing process. 

Small-sized Fibre Reinforced 

Plastics Manufacturer 

Canada MacDougall and 

Pike, 2003  

Manufacturing 

Execution 

System 

Used for accurate level of traceability 

in the manufacturing process 

World Leader manufacturer in 

the Aerospace and Defence 

Sector 

 

UK Bibby and Dehe., 

2019 

CIM (Computer-

integrated 

Manufacturing) 

Used to resolve inflexibility of 

production; changeover inhibited by 

slow machine tooling and 

changeover times 

Small Trunking Radio System 

Manufacturer 

Australia Burcher et al., 

1999 

Appendix C- Summary of Coding Scheme 

Open coding  Focused coding (summary of broader categories)   

High cost of capital  Economic  Barriers: 

-Multiphase 

-Stage-specific 

Investment justification 

Lack of AMT project vision Organisational  

Difficulties in buyer-supplier relationship 

Set-up preparation difficulties Personnel-related Issues 

Skills development issues 

Employee resistance 

Shop-floor Disruption Technology Barriers  

Technology system issue 

Data security constraints 

Lack of standardisation 

Threats to intellectual property  
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