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A B S T R A C T   

Radical technologies such as 3DPT (3D printing technology) continue to disrupt traditional manufacturing 
processes, perhaps even offering the key to long-term organizational survival. These radical forces appear to 
increase the pressure on internal and external organizational stakeholders to recognize, adopt and adapt to new 
technologies in order to sustain organizational competitiveness. This research subsequently investigates the key 
drivers in the organizational adoption of 3DPT to identify whether adoption is driven by a desire for homoge-
neity, or by a purely rationalistic evaluation of the perceived intrinsic value of the technology for the organi-
zation. This research surveyed 114 manufacturing firms operating in the Mexican footwear cluster to identify the 
impact of complex institutional forces on the adoption of radical 3DPT technologies. Data was analyzed using 
partial least squares structural equation modeling, concluding that mimetic, alongside normative, isomorphic 
pressures, exerted a substantial impact on the 3DPT adoption decision. While competitor behavior appeared to 
represent significant driver for adoption, our results also indicated that normative forces acted decisively on 
evaluations of the technology’s perceived value. We found no evidence of coercive pressures, also noting a 
negative relationship between low adoption rates and institutional potential. The study concludes with an 
observation that isomorphism can be leveraged to actuate adoption rates, with recommendations for further 
research identified and research limitations addressed.   

1. Introduction 

Adoption of new and radical technologies remains fundamental to 
organizational survival (Sinha and Noble, 2008). Radical new technol-
ogies in particular carry the potential to transform entire industries, yet 
exhibit a high degree of uncertainty in terms of performance, industry 
dynamics and acceptance (Dewar and Dutton, 1986). One such radical 
technology, 3DPT (3D printing technologies) is frequently labeled as a 
catalyst for industrial transformation (Holmström and Partanen, 2014), 
and perceived as an industry game-changer. However, despite an 
average annual growth rate of 25% (2015–2020) (AMFG, 2020), 3DPT 
still accounts for less than 1% of the global manufacturing market. Ac-
cording to the Gartner Hype Cycle (Basiliere and Shanler, 2019), 3DPT 
in manufacturing operations remains 5–10 years from its peak, sug-
gesting that organizational adoption rates of 3DPT remain at a subop-
timal level. Such anomalous organizational behavior is not yet fully 
understood and forms much of the focus of this study. 

Scholarly interest in the adoption of 3DPT technologies has 

accelerated in recent years (e.g., Ukobitz 2020; Oettmeier and Hofmann, 
2017; Schniederjans, 2017; Yeh and Chen, 2018), with 
technology-specific potential advantages (efficiency, performance 
gains) and barriers (high costs, internal resistance) often identified as 
key facilitators and constrainers of radical technology adoption, along-
side environmental influences (e.g., Teo et al., 2003). Pressure from 
external stakeholders (clients, suppliers) alongside the desire to match 
adoption behaviors of key competitors likely also influences organiza-
tional technology adoption decisions. 

Acceptance of 3DPT as a production standard as well as the accurate 
integration of the technology among multiple supply chains seems to 
represent a crucial element in the 3DPT adoption process (Petrick and 
Simpson, 2013). Further, acceptance and alignment among trading 
partners complying with new manufacturing standards constitutes a 
powerful environmental mediator in the success of the adoption process 
(Wang et al., 2016; Yeh and Chen, 2018). Surprisingly, however, the 
impact of these forces on adoption has not yet been investigated 
adequately in the realm of 3DPT. For example although the impact of 
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institutional forces on the adoption of management practices (e.g. 
management reporting standards) and systems (e.g. the adoption of BIM 
in Cao et al., 2014) has been well documented, their role in the adoption 
of radical technologies in organizations remains under-researched. In 
the case of 3DPT in particular, only three studies investigated the in-
fluence of environmental forces on 3DPT adoption (Schniederjans and 
Yalcin 2018; Yeh and Chen, 2018, Tsai and Yeh, 2019). Additionally, 
most existing 3DPT centered-studies utilize technology-centered the-
ories such as the Technology Acceptance Model TAM) or variations of it 
(UTUAT), or classic diffusion of innovations theory (DOI) (Rogers, 
2003). Such approaches fail to consider external and institutional forces. 
We subsequently argue that existing research lacks the ability to 
investigate potentially important determinants in the explanation of 
organizational adoption behavior (Molinillo and Japutra, 2017) - an 
observation supported by a recent literature review on 3DPT adoption 
studies performed by Ukobitz (2020) that specifically calls for a deeper 
investigation of institutional forces in the context of 3D adoption. 

Consequently, this study aims to investigate the direct and indirect 
environmental and institutional forces that influence 3DPT adoption, 
arguing that institutional forces not only directly influence radical 
technology adoption decisions, but that these forces also influence 
subsequent perceptions of the perceived value of a technology. Thus, our 
research question asks: To which degree do institutional forces directly and 
indirectly – via perceived value of the technology – influence the organiza-
tional adoption decision of 3DPT? 

We used a quantitative single-industry survey to explore perceptions 
among 114 manufacturing firms in the Mexican footwear industry. The 
applications of 3DPT in the footwear industry appears to be multifaceted 
(Smartech, 2019) with the market evidencing average annual 3DPT 
growth rates of 25%. Forecast to double in size every three years (AMFG, 
2020), the Mexican footwear industry currently ranks 9th globally in 
footwear production. It is characterized by fierce international compe-
tition and a consolidated industrial network, offering an effective 
context within which to investigate the influence of environmental in-
fluences and pressures across the value chain on 3DPT adoption. Using 
partial least squares structural equation modeling, we analyzed the 
extent of institutionally driven adoption among the sample alongside the 
effects of perceived values of 3DPT amongst exogenous and endogenous 
organizational stakeholders. Findings reveal that isomorphic pressures 
considerably impact the adoption of 3DPT, whilst the perceived value of 
3DPT technology mediates the relationship between all significant 
institutional forces and adoption. Further, mimetic isomorphic forces 
directly drive 3DPT adoption, which are also partially mediated by the 
perceived value of the technology. Normative isomorphic effects un-
derlie the evaluation of the technologies’ perceived value, whilst coer-
cive isomorphism, interestingly, appears to exert no influence. 

The contributions of this study are threefold. First, it extends the 
discourse surrounding organizational adoption of radical new technol-
ogies to encompass technology-centered and institution-centered con-
cepts. Second, we empirically validated our proposed model through a 
quantitative study that investigated actual adoption practices in a spe-
cific industry, enabling a more precise assessment of institutional forces 
on 3DPT adoption than have previously been achieved in existing multi- 
industry 3DPT adoption studies. Third, our study offers potential in-
sights, applications and opportunities for further research across other 
industries. 

2. Conceptual background 

2.1. 3D printing 

The phrase 3D printing first emerged in the 1990’s. It describes the 
layer-upon-layer production of material to create physical three- 
dimensional objects from computer-generated designs (ASTM, 2019; 
Schniederjans, 2017). Categorized as a form of additive manufacturing, 
3D printing facilitates the reproduction of digital models through the 

consolidation of pulverized or liquid materials and an energy source 
(Yeh and Chen, 2018). The ASTM International Committee on 3DPT 
(ASTM, 2012) categorizes additive manufacturing processes into seven 
distinct categories: (i) material extrusion, (ii) material jetting, (iii) 
binder jetting, (iv) sheet lamination, (v) vat photopolymerization, (vi) 
powder bed fusion and (vii) directed energy deposition. 3DPT technol-
ogies generally fall into the category of material extrusion, vat photo-
polymerization and powder bed fusion. The unique characteristics of 
3DPT yield a variety of benefits to its adopters, including rapid proto-
typing and manufacturing, shorter lead times and on-demand produc-
tion, lower inventories, feasibility of small production batches, 
reduction of ramp-up times, zero waste (90% less waste), customization, 
production of complex structures and possibility of low-volume pro-
duction (Candi and Beltagui, 2019; Mellor et al., 2014; Rayna and 
Striukova, 2016; Rindfleisch et al., 2017; Schniederjans, 2017; Weller 
et al., 2015). Despite its increasingly appraised potential, however, 
3DPT has not yet emerged as a complete substitute for traditional 
manufacturing methods (e.g., casting, forming, grinding, molding), 
instead functioning as a complement to it (Rayna and Striukova, 2016). 
The global manufacturing market share of 3DPT remains lower than 1% 
(AMFG, 2019). 

One market within which 3DPT has emerged rapidly is the highly 
competitive footwear industry, with vat photopolymerization the most 
popular 3DPT technology applied (AMFG, 2019). Vat photo-
polymerization uses resin-founded technologies such as stereo-
lithography (e.g., New Balance – midsoles, spike plates), digital light 
processing and -synthesis (e.g., Adidas – midsoles, uppers) alongside 
power bed fusion processes, with industry leaders such as Nike and 
Under Armour advancing the use of selective laser sintering technology 
for (Sher, 2020). Nike continues to lead the way in the utilization of 
3DPT solid deposit modeling technology, a material extrusion process 
that is used to produce multi-colored uppers. Multiple materials, such as 
rubber, resin, nylon, polyurethane, thermoplastics, or even leather 
filament are being employed to manufacture not only shoe parts (mid-
soles, outsoles, insoles, upper, heels, laces), but also the entire shoe (e.g., 
Olivier Van Herpt) (Sculpteo, n.d.). Wang et al., 2016 figures reflect 3D 
printing revenues in the footwear industry that amount to only 0.2% of 
global footwear revenues (Smartech, 2019 Report), this figure is set to 
rise to an estimated 5.9 billion USD revenue opportunity by 2029 
(AMFG, 2019). 

2.2. 3D printing as a radical technological innovation 

While incremental technological innovation leads to minor im-
provements in processes or products, radical technological innovation 
represents fundamental changes not only for the process or product but 
also for the competitive dynamics of the industry (Dewar and Dutton, 
1986). In other words, radical technologies often lead to breakthrough 
changes within an industry (Steenhuis and Pretorius, 2017). Henderson 
and Clark (1990) define radical technologies as a combination of engi-
neering and scientific skills that allow the creation of entirely novel 
products or processes which offer unprecedented performance features, 
and/or standard features that provide significant cost or 
performance-based improvements to existing technologies. They offer a 
more sophisticated means of fulfilling customer needs (Leifer and 
McDermott, 2000), and can be completely radical, or constitute a radical 
use of an existing normative technology only formerly utilized in other 
fields (Nagy et al., 2016). The degree of novelty possessed by a radical 
technology has been theorized (Ibid) to be threefold: the degree to which 
it represents radical functionality (whether the technology allows users to 
undertake a new behavior or task that would be impossible to accom-
plish utilizing existing technologies); discontinuous technical standards, or 
the extent to which new standards deviate from existing technical 
standards, via the utilization of new materials, processes, methods and 
knowledge barriers, and ownership of a new technology (which can 
determine how the new technology might be appropriated, by whom, 
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Table 1 
Adoption theories.  

Framework Objective Independent 
variables 

Dependent 
variable 

Characteristics Quantitative 
studies 

References from 3D adoption 
literature 

TAM 1/2 Explaining an individual’s acceptability of a 
technology among users  

• Perceived ease of 
use  

• Perceived 
usefulness  

• External variables 
TAM 2:  
• Social Influence  
• Cognitive 

processes 

Attitude 
TAM2: 
Intention to use  

• Analyzes technology adoption among individuals, not organizations  
• Intention to use a technology can’t entirely predict behavior (intention- 

behavior gap)  
• TAM 1 represents only a fraction of variances of technology use 

Yes Schniederjans and Yalcin, 
2018 
Chin, 1998 
Wang et al. (2016) 
Marak et al., 2019 
Candi and Beltagui, 2019 
Oettmeier and Hofmann, 
2017 

UTAUT Explaining an individual’s intention to use a 
technology  

• Facilitating 
conditions  

• Effort expectancy  
• Social influence  
• Performance 

expectancy 

Behavioral 
intention  

• Analyzes technology adoption among individuals, not organizations  
• Intention to use a technology can’t entirely predict behavior (intention- 

behavior gap)  
• No focus on external factors (legal, economic, environmental, social) 

Yes Schniederjans (2017) 
Marak et al., 2019 
Schniederjans and Yalcin, 
2018 

DOI Explaining how, why, and at what rate new 
technology spreads among society  

• Compactibility  
• Complexity  
• Relative advantage  
• Triability  
• Observability 

Intention to 
adopt/  

• Analyzes organizational technology adoption  
• Used to complement other frameworks through specifying contextual 

factors of influence (decision-maker-, technology-, organizational 
characteristics …)  

• Emphasizes the social system as a whole, rather than individual 
organization 

Yes Schniederjans (2017) 
Oettmeier and Hofmann, 
2017 
Candi and Beltagui, 2019 
Marak et al., 2019 
Wang et al. (2016) 
Chin, 1998 
Schniederjans and Yalcin, 
2018 
Sheeran and Webb, 2016 
Gangwar et al., 2014 

TEO Explaining the influence of an organization’s 
context on technology adoption  

• Environmental 
elements  

• Organizational 
elements  

• Technological 
elements 

Technology 
adoption  

• Analyzes organizational technology adoption  
• Takes organizational-, technological-, and external dimensions into 

consideration  
• Consistent with DOI, but extra emphasis on external context 

Yes Yeh and Chen (2018) 
(qualitative) 
Tsai and Yeh, 2019 
(quantitative cross-industry) 

IT Explaining how organizational behavior is 
influenced by pressures exerted by institutions  

• Coercive pressures  
• Normative 

pressures  
• Mimetic pressures 

Intention to 
adopt  

• Analyzes organizational technology adoption  
• Hypothesizes that organizational decisions are not only driven by 

performance objectives, but also by social-, cultural-, and environmental 
factors  

• Hypothesizes that firms become homogenous 

No Schniederjans and Yalcin, 
2018  
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and using which specific protective legal mechanisms such as patents or 
open source assets to execute (Nagy et al., 2016). 

We argue that 3DPT fulfils the three aforementioned criteria, 
allowing it to be characterized as a radical technology. This can be 
argued in the following ways: 

First, 3DPT provides a radical functionality previously unaccessible 
to the footwear industry (e.g. the efficient, flexible and customizable 
printing of customized insoles, midsoles and sandals). By enabling the 
printing of footwear molds in an agile and cost-efficient way, 3DPT not 
only enhances technological abilities, but creates an additional 
competitive advantage by discarding the labour, time and cost-heavy 
processes that has, thus far, characterized the traditional shoemaking 
manufacturing process. Innovation within the footwear field continue to 
accelerate following the emergence of 3DPT, including the manufacture 
of fully printed designer and luxury footwear, such as sculpted heels or 
entire shoes (Ukobitz and Faullant, 2021), and limited editions pro-
duced in cost effective small batches, free of the need to achieve econ-
omies of scale. The example of labor-intensive uppers is just one case 
where shoe-related manufacturing can now be printed in 3D (Smartech, 
2019), demonstrating how 3DPT can significantly impact performance 
objectives, such as speed, cost, quality, and flexibility (Steenhuis and 
Pretorius, 2017). Such innovations appear to facilitate radical and rapid 
change across the entire industry. 

Second, we argue that 3DPT introduces novel technical standards, 
which despite their initial complexity, may substantially facilitate value- 
chain activities across the footwear industry. One powerful example of 
such discontinuation of normative technical standards is rapid proto-
typing, where 3DPT is employed by footwear manufacturers to accel-
erate the prototype stage, rendering various tools used in traditional 
footwear manufacturing, such as hand-manufactured molds, obsolete, 
rendering the process far more cost effective with a decreased time-to- 
market. Furthermore, advanced techniques and the integration of new 
materials (i.e., leather, biodegradables, recycled plastic) as a result of 
adoption of the 3DPT process allows manufacturers to employ 3D 
printing in the post-prototype manufacturing stage (e.g., soles, high- 
fashion, sneakers, special equipment) and in the customization stage 
(e.g., for professional athletes). It should be noted that this process re-
quires an effective organizational diffusion of knowledge so that em-
ployees can fully and cognizantly engage with the technology and 
maximize its benefits to the organization. 

Third, the diffusion of 3DPT among the footwear industry evoked the 
emergence of new business- and value appropriation models (Ukobitz 
and Faullant, 2021). Footwear models can now be downloaded open 
source from specialized platforms (e.g., 3dshoes.com), designed on one 
continent while printed on another. Such innovation affords a new 
flexibility within the manufacturing process, extending opportunities 
forvaried and cost effective modes of outsourcing. Completely different 
business models, such as point-of-purchase printing of soles (e.g., SOLS), 
or home-scanning of feet and door-to-door delivery of soles and sandals 
(e.g., FEETZ) have subsequently started to surface, enhancing innova-
tion and competitiveness. 

2.3. Organizational adoption of radical technologies 

Various streams of literature have evolved over time to study and 
understand the adoption of technology from an empirical perspective. 
Table 1 provides an overview of key theories, their components and 
studies investigating 3DPT adoption. The most frequently applied 
theoretical frameworks are the technology acceptance model (TAM) 
(Davis, 1985), the unified theory of acceptance and use of technology 
(UTAUT) (Venkatesh et al., 2003), and the diffusion of innovation the-
ory (DOI; Rogers, 1983). Less known and applied are the 
technology-environment-organization model (TEO) (Tornatzky and 
Fleischer, 1990), and institutional theory (IT) (DiMaggio and Powell, 
1983; Scott, 1995). 

The technology acceptance model (TAM) investigates technology 

usage intentions among individuals with attitude towards usage defined 
as the main driver. An individual’s attitude, in turn, is influenced by the 
perceived ease of use and perceived usefulness of the technology under 
observation (Davis, 1985) with the expandedTAM II model integrating 
the variables of social influence and cognitive instrumental processes 
(Venkatesh and Davis, 2000). Although users’ perceived ease of use and 
the perceived usefulness of a technology represent useful criteria for 
understanding technology acceptance or rejection within the context of 
TAM, they do not hold explanatory power for the actual act of adoption. 
This shortcoming is frequently labeled as an intention-behavior gap 
which argues that intention is a defining prerequisite for true action 
(Sheeran and Webb, 2016). Furthermore, as TAM neither includes 
organizational-, nor firm-external adoption drivers, the explanatory 
power of the theory remains limited to an understanding of the influence 
of key agents (e.g. C-suite managers) on adoption decisions 
(Peltier et al., 2012). This shortcoming has precluded a general 
consensus within the literature to combine TAM with other models in 
the utilization of conceptual frameworks (e.g., DOI, TEO) 
(Marak et al., 2019; Oettmeier and Hofmann, 2017; Wang et al., 2016). 

The unified theory of acceptance and usage of technology offers a 
conceptual extension of TAM, including predictors of technology usage 
that includes performance-expectancy, effort expectancy, social influ-
ence, and facilitating conditions (Venkatesh et al., 2003). Across the 
academic literature, UTAUT is endorsed as one of the most complete 
models for predicting adoption behavior among individuals. Similarly to 
TAM, the UTAUT may be useful to understand the intention to adopt a 
technology among individuals, but its limited emphasis on organiza-
tional drivers (e.g. competitors and human resources) and external di-
mensions (e.g. market and environment arguably renders it less effective 
in exploring the complexities of organizational adoption. Moreover, 
UTAUT studies intention to use, rather than physically adopt radical 
technologies, subsequently suffering from the same intention-behavior 
gap to which TAM is subject (Sheeran and Webb, 2016). In the 
context of 3DTP adoption UTAUT has subsequently been utilized in 
conjunction with other models (e.g., DOI) to generate a sufficiently 
broad understanding of drivers of adoption on a structural (institutional) 
and agentic (managerial, employee) level (Marak et al., 2019; Schnie-
derjans, 2017). 

The diffusion of innovation theory (DOI theory) examines how, why 
and at what rate a novel technology diffuses across a social system. DOI 
hypothesizes that innovation-specific drivers, such as relative advan-
tage, compatibility, observability, trialability, and perceived complexity 
meaningfully impact organizational technology adoption (Rogers, 
1983). Contrary to TAM and UTAUT, DOI acknowledges the context 
upon which the adoption decision is taken, thus representing an 
appropriate tool for analyzing the complexities associated with the 
organizational adoption of radical technology. However, whilst the 
theory considers an ample range of contextual factors of influencehardly 
any emphasis is placed on extraneous (that is external) organizational 
decision drivers (Hsu et al., 2006), with the DOI theory instead. high-
lighting the theory’s unique emphasis on technology-specific aspects (i. 
e., relative advantage) (Peltier et al., 2012; Tan et al., 2009). DOI is, 
however, well-suited to obtaining a broad overview of the determinants 
of technology adoption among firms, but requires the inclusion of 
additional dimensions (e.g. environmental or organizational di-
mensions) in order to provide a sufficiently complex framework for 
analysis. As observed in Table 1, DOI represents the most frequently 
employed framework for analyzing the organizational adoption of 
3DPT, usually applied in conjunction with TAM and UTAUT. (Oettmeier 
and Hofmann, 2017; Schniederjans, 2017; Candi and Beltagui, 2019; 
Marak et al., 2019). 

The technology-environment-organization framework (TEO) argues 
that technological, organizational and environmental factors remain the 
key drivers of adoption. Technology-related factors constitute perceived 
characteristics and benefits of the technology (i.e., relative advantage, 
compatibility), while organizational factors constitute firm-internal 
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characteristics such as firm size, resources, and vision. Environmental 
factors include exogenous organizational variables such as industry 
dynamics, competitors, trading partners, and authorities (Tornatzky and 
Fleischer, 1990). TEO emphasizes the impact of firm-external drivers, 
and as such, delves deeper into stakeholder dynamics (including the 
impact of clients, government, market trends and legislation) as 
compared to earlier-cited models (Wang et al., 2016). Whilst, in prin-
ciple, the model considers firm-external factors as key drivers of the 
adoption process, the framework itself has been criticized for its 
vagueness and for a lack of concreteness in its’ operationalization 
(Gangwar et al., 2014). Consequently, TEO has achieved only limited 
interest among research on technology adoption in other areas such as 
cloud computing and electronic data interfaces (Alshamaila et al., 2013; 
Kuan and Chau, 2001), and in the general adoption of 3DP (Tsai and 
Yeh, 2019; Yeh and Chen, 2018a). In contrast to DOI, TOE was devel-
oped specifically to understand technology adoption decisions in orga-
nizations and as such, remains one of the most appropriate models for 
analyzing intra-firm technology adoption (Hsu et al., 2006). 

Institutional theory analyzes the effect of mimetic, normative, and 
coercive isomorphic pressures on the organizational adoption of inno-
vation (Molinillo and Japutra, 2017). Institutional theory explains 
innovation based on the notion that firms seek legitimacy from their 
stakeholders to increase their chances of survival (DiMaggio and Powell, 
1983). To this end, firms must conform to the rules and belief systems 
prevailing in the environment (Scott, 1995). Within this conceptual 
analysis, the adoption of radical technology could be considered not 
only the result of a purely needs-based rational assessment, but also of 
the need to comply with the overbearing expectations of key stake-
holders (clients, suppliers, competitors, C-suite decision makers). Within 
the context of technology adoption, Institutional Theory (IT) has been 
applied to study the adoption of building information modeling and 
virtual worlds (Cao et al., 2014; Teo et al., 2003; Yoon and George, 
2013) and in combination with additional theories to study technolog-
ical adoptionin cloud computing (Oliveira and Martins, 2011; Soares 
Aguiar and Palma-dos-Reos, 2008). In the context of 3DPT, consider-
ation of the impact of institutional forces on technological adoption in 
organizations remains limited, and has emerged only as part of one 
broader study (Schniederjans and Yalcin, 2018) of howinstitutional 
forces play a role in driving 3DPT adoption. IT continues to represent a 
compelling approach in the investigation of external and institutional 
forces and their ongoing impact on organizational technology adoption 
decisions (Ukobitz, 2020). 

In conclusion, previous studies of 3DPT adoption tend to utilize TAM 
and UTAUT as conceptual frameworks, focusing on agentic as opposed 
to institutional-level studies.. Where DOI has been applied, the focus of 
analysis has traditionally lain on the relative advantage the technology 
offers only to the adopting entity (Peltier et al., 2012; Tan et al., 2009a, 
b). Consequently, the field currently lacks an understanding of how 
institutional – as opposed to only agentic - forces impact organizational 
3DPT adoption (Ukobitz, 2020). There has, to date, been only been one 
qualitative study conducted that considers the role of institutional 
drivers, with no quantitative research conducted in the area. As a result, 
little is known of the impact of firm-external drivers and stakeholder 
dynamics on the 3DPT adoption decisions. No studies have yet 
attempted to explore the interrelatedness of technology-related factors 
and institutional forces, or the role of the perceived value of technology 
in adoption, including novel 3D printing solutions. This research 
consequently tests hypotheses that investigate the role of institutional 
forces and perceptions of the value of radical technology in theorgani-
zational adoption of 3DTP. 

2.4. Hypothesis development 

2.4.1. Mimetic isomorphic pressures 
Mimetic isomorphic pressures explain mimicry amongst organiza-

tions that copy each others’ processes and actions, and the process and 

actions of structurally similar stakeholders (DiMaggio and Powell, 
1983). This behavior is often heightened in conditions of uncertainty 
and within turbulent environments, where there are prevalent industry 
practices, or where there is clear perceived competitor success (Cao 
et al., 2014; Haveman, 1993). In these conditions, mimicry tends to 
increase (Cornelius, 2005). Mimetic isomorphism allows companies to 
resemble “other units that face the same set of environmental condi-
tions” (DiMaggio and Powell, 1983, p. 147), especially under conditions 
of ambiguity or environmental uncertainty. It also creates a sense of 
legitimacy and allows the organization to bypass novel experimentation 
costs and early adopter risks (Cyert & March 1963; Rogers, 1983). 
Imitating a brand leaders’ best practices mimetically is not unusual in 
manufacturing industries, particularly amongst consolidated industrial 
clusters where strong institutional forces and heavy competition compel 
members to pursue legitimacy (Tan, 2006). Easy access to competitor 
agendas, perceived success of peer projects, and competitor adoption 
rates have traditionally all impacted the adoption of radical technologies 
such as building information modeling (Cao et al., 2014), radio fre-
quency identification (Wang et al., 2010) and electronic data inter-
change (Kuan and Chau, 2001). 

Competitive pressure as a driver for adoption has been cited 
frequently in the literature (Oettmeier and Hofmann, 2017; Yeh and 
Chen, 2018). Due to foreign competition (e.g., low cost market entrants 
from China), unstable governmental structures (e.g., funding, subsidies), 
global crises (e.g., COVID-19), and alterations in commercial legislation, 
the Mexican footwear industry in particular has had to cope with severe 
bouts of uncertainty over recent years (Dussel Peters and Pérez Santillá, 
2020). Additionally, fast fashion trends have increased the need for 
agility, thus requiring local actors to speed up time-to-markets to remain 
competitive in an increasingly pressured international market. Tight 
structures in the Mexican footwear industry have enabled organizations 
within the sector to attain a high degree of visibility of their competitors’ 
actions, allowing mimetic isomorphic practices to emerge. We subse-
quently hypothesize that the degree of mimetic pressure increases as the 
number of competitor-adopters in an industry increases, forming the 
basis of our first hypothesis: 

H1. Higher levels of mimetic pressure (measured as the extent of 3DPT 
adoption among a firm’s competitors, as well as competitors perceived 
performance through 3DPT) lead to a higher degree of 3DPT adoption. 

2.4.2. Normative isomorphic pressures 
Normative pressures arise from professionalization, and from the 

professional bodies that subsequently govern an industry, including 
regulations on desirable collective conduct (DiMaggio and Powell, 
1983). Normative isomorphism typically derives from educational pro-
cesses, including the formal and informal diffusion of knowledge by 
formative entities such as research institutes or industry organizations 
(Shin et al., 2015). 

DiMaggio and Powell (1983) emphasize two sources of normative 
pressure: i) the socialization and knowledge exchange that occurs 
among members of similar professions via the existence of industry as-
sociations and regulatory bodies, and ii) educational training of a ho-
mogenous group of professionals. For example, existing research on 
technology adoption cites the key role of extensive communication and 
formative activities (such as specialized training, guidance, and specific 
communication from industry authorities) as positive influences on the 
adoption and integration of novel technologies in organizations (e.g., 
Cao et al., 2014: Teo et al., 2003). Yoon and George (2013) as well as 
Teo et al. (2003) reveal that membership of professional bodies within 
an industry significantly correlates with the adoption of virtual world- 
and financial electronic data interchange technologies among those 
companies, while Yeh and Chen (2018) report the influence of nation-
ally led training strategies on the adoption of 3D printing in Taiwan. In 
our research context, we note that professional associations, such as the 
Mexican national footwear chambers, actively promote the dialogue on 
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3DPT via utilization of training activities, symposiums, networking 
events, forums and conferences, which supports enhanced international 
competitiveness and provides customized support and subsidies. We also 
hypothesize that participation in Mexican footwear chambers and as-
sociations positively impacts organizational 3DPT adoption, and that 
professional training, as offered by research institutions and industry 
consultancies, serves as a positive catalyst for knowledge transfer and 
support throughout the industry (Maresch and Gartner, 2018). This 
operates in part as a positive source of normative pressure in the 
adoption of 3DPT technologies: 

H2a. Higher levels of normative pressure, as measured by membership 
in industry associations, lead to a higher degree of 3DPT adoption. 

H2b. Higher levels of normative pressure, as measured by the influ-
ence of industry consultants, lead to a higher degree of 3DPT adoption. 

2.4.3. Coercive isomorphic pressures 
DiMaggio and Powell (1983) define coercive isomorphism as the 

imposition of structures and rules on organizations through formal and 
informal pressures exerted by other parties upon which they rely. This 
concept evolved from the resource-dependence model, in which orga-
nizations are constrained by those they depend on for resource acqui-
sition. Resource-dominant actors in this context may be suppliers, 
clients, or parent corporations, exerting coercive pressure through 
extensive control over scarce or valuable resources (Pfeffer and Salancik, 
1978). Mizruchi and Fein (1999) further emphasize the concept of 
power dynamics of inter-organizational exchange relationships as a 
prevalent form of coercive isomorphism. 

Existing research in this area acknowledges power dynamics among 
trade partners as an essential facilitator or constrainer of technological 
adoption decisions (Kuan and Chau, 2001; Wang et al., 2016; Yoon and 
George, 2013), with Lun et al. (2008) clarifying that the level of 
compliance with trade partner expectations is even higher when firm 
survival is at stake. Qualitative studies performed by Yeh and Chen 
(2018) and Oettmeier and Hofmann (2016) further corroborate that the 
effective use of 3DPT depends on the extent and state of existing utili-
zation of the technology among trade partners. Interestingly, 3DPT can 
be applied in different production modes, some of which require the 
compatibility of production processes among the entire supply chain 
(Petrick and Simpson, 2013) We subsequently hypothesize that 
resource-dominant trade partners in the Mexican footwear industry 
exert coercive pressure on potential adopters either to achieve compli-
ance with production and technology standards or to increase firm 
performance in terms of speed, quality, or cost. 

In this context, it is possible that large international clients may exert 
considerable pressure on organizations to adopt 3DPT in order that they 
remain competitive.Coercive pressures may also arise from local sup-
pliers that have already adopted 3DPT and subsequently favour clients 
who can offer system compatibility, presenting the potential emergence 
of coercive pressure across the value chain as a contributing factor in an 
organizations’ decision to decide to adopt 3DPT. We subsequently posit 
the following hypotheses; that: 

H3. Higher levels of coercive pressure from firm’s dominant suppliers 
(measured as the extent of 3DPT adoption among suppliers as well as 
their market dominance) lead to a higher degree of 3DPT adoption. 

H4. Higher levels of coercive pressure from a firm’s dominant clients 
(measured as the extent of 3DPT adoption among clients as well as their 
market dominance) lead to a higher degree of 3DPT adoption. 

2.4.4. The mediating effect of perceived value of the technology 
Although isomorphic pressures may influence the adoption of radical 

technologies in manufacturing industries, their effect alone may not be 
sufficiently powerful to influence adoption in the absence of positive 
perceptions of the benefits of the technology for the organization. 
However, isomorphic pressures may facilitate or heighten positive 

perceptions of the technology, influencing the likelihood of its organi-
zational adoption. We therefore argue that the impact of isomorphic 
pressures on 3DPT adoption is direct as well as indirect, supporting 
existing theories that posit the same (e.g., the technology adoption 
model (Venkatesh et al., 2003) or the theory of diffusion of innovations 
(Rogers, 1983). It remains a commonly accepted belief that the relative 
advantage or perceived value of a technology positively impacts the 
adoption decision of firms (Oettmeier and Hofmann, 2016; Schnie-
derjans, 2017; Yeh and Chen, 2018). In turn, this perceived value may 
also be influenced by isomorphic pressures, a relationship that we hy-
pothesize to have influenced 3DPT adoption in the Mexican footwear 
manufacturing industry. In a departure from existing orthodoxy, how-
ever (e.g., Yoon and George, 2013; Schniederjans, 2017), we argue that 
institutional forces and a technology’s perceived relative advantage do 
not exist in isolation to eachother. Instead, the existence of both is 
required in order to facilitate adoption of a novel technology. Subse-
quently, we hypothesize that: 

H5. Perceived value of 3DPT mediates the relationship between 
isomorphic pressures (mimetic, coercive, and normative) and the degree 
of 3DPT adoption. 

3. Research design 

The impact of institutional pressures on the adoption of radical 
technologies, and the effect of a technology’s perceived value on 
adoption decisions were studied within the context of 3DPT adoption 
within the Mexican footwear industry. Severe competitive pressure and 
rapidly changing market trends have created a turbulent environment 
for the footwear industry whereby footwear companies have become 
required to operate up to six different manufacturing cycles per year to 
react to multiple on-demand necessities. According to the latest eco-
nomic census conducted by the Mexican data institute, the industry itself 
comprises 7.398 firms, of which 60% are located in Guanajuato - the 
central cluster (INEGI, 2014). In 2017, Mexico produced more than 260 
million pairs of shoes, exporting to more than 60 countries, employing 
approximately 500.000 people throughout the supply chain (SAPIC, 
2018). Prior interviews with industry representatives from pioneering 
firms and research institutions revealed an increase in 3DPT adoption 
among the local footwear industry. 

3.1. Instrument development 

We developed the research instrument both by adapting measure-
ment items that have been validated by previous studies on similar 
phenomena and by analyzing notable theories on underlying constructs. 
Measurement items for all constructs were adopted from existing liter-
ature using data taken from fifteen previously conducted semi- 
structured interviews and project observations. Interview data 
confirmed that mimetic, coercive and normative pressures exist along-
side the perceived value of the technology as key drivers of adoption. 
Most notably, respondents explicitly mentioned that their international 
clients urged them to adopt 3DPT. The adoption degree (3DPT) (AD) was 
measured through two separate constructs: (i) adoption of 3DPT (yes/ 
no) and (ii) likeliness to adopt 3DPT within the next three years. A new 
variable indicating the degree of adoption on a six-point scale was 
computed to represent 3DPT adoption (AD). These items were adopted 
based on Yoon and George (2013) and Oliveira et al. (2014). 

Mimetic (MIM) and Coercive (COES, COEC) Pressures have been 
operationalized individually as formative constructs measuring both the 
extent of adoption among competitors (MIM1), suppliers (COES1) and 
clients (COEC1) as well as the perception of adoption success among 
competitors (MIM2) and the relevance of relationships with suppliers 
(COES2) and clients (COEC2) on five-point Likert scales. These Likert 
scale items were formulated using previous research (Yoon and George 
(2013), Teo et al. (2003), Schniederjans (2017), and Cao et al. (2014)). 
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Normative Pressures were observed through two single item con-
structs, NORM1 and NORM2. NORM1 nominally evaluated the re-
spondents’ participation in industry/trade associations (based on Teo 
et al., 2003) and NORM2 assessed the diffusion of knowledge on 3DPT 
through industry consultants on a five-point Likert scale (based on Cao 
et al., 2014). 

The perceived value of 3DPT (PV) was measured as a reflective 
construct with five-point scale items, evaluating distinct benefits as 
derived from literature (Schniederjans, 2017; Yeh and Chen, 2018), 
from expert interviews, and from information provided by organizations 
on 3DPT (as proposed by Peltier et al., 2012). 

As a control variable, we included Firm Size (FS), as larger companies 
tend to have more flexible room for manouvre in the deployment of 
human and financial resources’, and because Tornatzky and Fleischer 
(1990) proclaim firm size as a crucial driver for technology adoption. 
Adoption is accompanied by supplementary costs, i.e., acquisition and 
follow-up costs, and workforce, where firm size might mediate the 
ability to successfully subsume these costs, facilitate the ability to 
experiment with technology and absorb additional related costs and 
risks that might ultimately prove resource-heavy (Wang et al., 2010). 
The Mexican classification on micro-, small-, medium- and large-sized 
companies was applied in this research study and measured FS on a 
five-point scale. 

3.2. Data collection and sample 

We tested the research model using a questionnaire survey. A double 
translation process from English to Spanish was applied to guarantee the 
equivalence of the questionnaire in the target language (McGorry, 
2000). Before data collection, a pilot study with ten representatives of 
the footwear industry was carried out to evaluate content validity, in-
ternal consistency, and language. Data was collected during the period 
of November 2018 to March 2019. The survey was distributed elec-
tronically to previously identified companies of the Mexican footwear 
industry, via mailings conducted by the Mexican footwear chamber, via 
integration in monthly newsletters to member companies. It was also 
made publicly available to footwear production (INEGI) value chain 

databases. One hundred and twenty-six questionnaires were returned. 
Twelve were discarded due to suspicious data patterns and a high level 
of missing values (Hair et al., 2017). Results were double translated back 
to English to assure the appropriate use of data. 

3.3. Data analysis 

We examined the data through partial least squares structural 
equation modeling (PLS-SEM). PLS-SEM is a variance-based approach, 
appropriate for theory confirmation and evaluation of relationships 
(Hair et al., 2017). PLS-SEM was selected as key measurement technique 
for several reasons: (i) it is highly appropriate to validate exploratory 
research objectives, (ii) it was developed to analyze complex measure-
ment models with multiple variables and levels of construct, as well as 
reflective- and formative scales, independently of the sample size (Akter 
et al., 2017; Chin, 1998), and (iii) it lacks distributional assumptions, 
thus allowing asymmetric data distribution (MacKenzie et al., 2005). 
The study takes an exploratory approach, given that the theoretical 
grounding and empiric evidence surrounding the study of adoption of 
3DPT by organizations remains in its infancy. This research furthermore 
aims to validate its hypothesis through a multitude of variables, based 
on both formative and reflective scales. Additionally, prior analysis in 
SPSS has not revealed a normal distribution of data, thus requiring a 
method lacking distributional assumptions. A functional PLS-SEM model 
requires a sample size of at least ten times the number of independent 
variables of the most complex ordinary least squares equation in the 
structural or formative measurement model (Hair et al., 2019). The 
largest number of independent variables in our model is seven; thus, we 
can conclude that the sample size (n = 114) satisfies the requirements 
for a meaningful PLS-SEM analysis. By the guidance of Hair et al. (2017), 
missing data should not exceed 5% per indicator, which complies with 
the underlying data set, thus guaranteeing the robustness of measures. 
SmartPLS 3.0 was employed to perform the PLS analysis. Initial coding, 
frequency-, descriptive- and factor analysis were conducted in SPSS. 

Table 2 
Descriptive analysis of sample.  

Data set characteristics  

%  % 
Sector  Degree of adoption  
Footwear manufacturing 60,5% Already adopted 41,2% 
Sole production 17,5% Non adopters 58, 8% 
Heel production 7,9% Will adopt within next 3 years: Unlikely 3,5% 
Shoe last production 4,4% Neutral 4,4% 
Footwear accessories 5,3% Likely 18,4% 
Materials 4,4% Very likely 9,6%     

Size  Application of 3DPT  
0–50 employees 47,4% Business Intelligence 18, 4% 
51–250 employees 36,0% e.g., design-sourcing on platforms  
250–1000 employees 9,6% Design 38,6% 
>1000 employees 0,9% e.g., complex structures, design opportunities    

Development 39,5% 
Position  e.g., printing fully functional prototypes  
C-Level (CEO, CIO, CTO, CGO) 50,0% Manufacturing 26,3% 
R&D leaders 12% e.g., customized soles (athletes)  
Others 38% Procurement 6,1%   

e.g., printing with leather filament  
Location  Distribution 9,6% 
Guanajuato 62% e.g., business models (ready-2-print)  
Rest of Mexico 38% Marketing 28,1%   

e.g., promote innovativeness  
Expenditure 3DPT Mean: 72.000 USD 

Median: 25.000 USD        
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Table 3 
Constructs, factor loadings, factor weights, reliability and validity measures.  

Construct Item Mean Factor 
loading 

Factor 
weight 

α CR AVE 

3DPT adoption degree* AD1 
Computed variable:  
• Is your company using 3DPT?  
• How likely is it, that you will introduce 3DPT in your company within the next 3 

years 

4.12 1.00  SI 

Coercive pressure 
clients*** 

COEC1  
• What is the current extent of 3DPT adoption by your firm’s clients? 

1.97 0.98 0.78 FM 

COEC2 
Computed variable:  
• Our organizations wellbeing depends on these suppliers.  
• We cannot easily switch to other suppliers.  
• These suppliers represent the main suppliers of our industry.  
• It is important to maintain a good relationship with these suppliers. 

2.18 0.87 0.25 

Coercive pressure 
suppliers*** 

COES1  
• What is the current extent of 3DPT adoption by your firm’s suppliers? 

1.80 0.97 0.739 FM 

COES2 
Computed variable:  
• Our organizations wellbeing depends on these clients.  
• We cannot easily switch to other clients.  
• These clients represent the main clients of our industry.  
• It is important to maintain a good relationship with these clients. 

1.49 0.83 0.342 

Firm size* FS1  
• Industry consultants are strongly advocating for the adoption of 3DPT. 

2.56 1.00 1.00 1 1.00 1.00 

Mimetic pressure*** MIM1  
• What is the current extent of 3DPT adoption by your firm’s competitors? 

2.35 0.99 0.781 FM 

MIM2 
Computed variable:  
• Industry competitors who have adopted 3DPT have benefited greatly (performance, 

positioning).  
• Industry competitors who have adopted 3DPT have gained a good reputation.  
• Industry competitors who have adopted 3DPT are perceived favorably by other 

actors in the industry. 

3.85 0.87 0.263 

Normative pressure* NORM1  
• Is your company member of any professional, trade, or business associations that 

endorses/promotes 3DPT usage? 

1 1.00 1.00 1.00 1.00 1.00 

NORM2  
• Industry consultants are strongly advocating for the adoption of 3DPT. 

3.74 1.00 1.00 1.00 1.00 1.00 

Perceived value of 
3DPT** 

PV1  
• 3DPT can provide a competitive advantage for companies in our industry. 

4.31 0.73 0.231 0.83 0.87 0.54 

PV2  
• 3DPT can provide acceleration of time to market. 

4.23 0.77 0.201 

PV3  
• 3DPT can provide production of complex structures. 

4.18 0.73 0.197 

PV4  
• 3DPT can provide improved market positioning. 

4.04 0.75 0.186 

PV5  
• 3DPT can provide access to new clients. 

3.85 0.84 0.283 

PV6  
• How well informed is your company about the 3D printing technology and its 

possibilities? 

3.23 0.54 0.281  

* Single-item measure (SI) 
** Reflective measure (RM) 
*** Formative measure (FM)        

Table 4 
Fornell-Larcker criterion for reflective construct.   

AD COEC COES FS MIM NORMA NORMC PV 

AD* 1.000        
COEC* 0.300        
COES* 0.294 − 0.056       
FS** 0.248 − 0.097 0.146 1.000     
MIM* 0.647 0.379 0.403 0.048     
NORMA** 0.328 0.139 0.125 0.168 0.374 1.000   
NORM** 0.294 0.214 0.239 0.068 0.499 0.318 1.000  
PV 0.606 0.166 0.303 0.154 0.596 0.398 0.513 0.734**          

* Single-item measure 
** Reflective measure 
*** Square root of AVE          
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4. Research results 

4.1. Descriptive analysis 

The final sample was dominated by small- and medium-sized com-
panies (78,1%) located in the Mexican state of Guanajuato (62%). The 
majority of respondents occupied senior leadership positions (62%) with 
decision-making power. 41,2% of responding companies already adop-
ted 3D printing technologies. 18.4% of adopters employed 3DPT in the 
intelligence phase to aggregate market trends on open source platforms 
(i.e., 3dshoes.com, thingiverse.com) while 78,1% of adopters used 3DPT 
at the design and development stage. At thise stage, 3DPT enables the 
design and development of fully functional prototypes, as well as the 
production of molds (e.g., foam-, wood molds). This not only serves as 
an agile and cost-efficient option to validate market-fit, but also fosters 
valuable opportunities for customization (Ukobitz and Faullant, 2021). 
6.1% of firms used 3DPT at the procurement stage to print parts (ac-
cessories, heels) in-house instead of external purchasing whileonly 9.6% 
of the sample leveraged 3DPT at the distribution stage (a stage where 
novel business models used to commercialize and deliver footwear so-
lutions are generally fostered (e.g., Feetz)). Digital business models, 
ready-to-print design stores, or scan and deliver propositions are 
increasingly present in the global footwear scene yet continue to stag-
nate in the Mexican industry. 28.1% pursue the adoption of 3DPT for 
marketing purposes, as the novelty of the technology serves as a useful 
tool for brand communication and sales. The adoption of 3DPT peaked 
in 2015, indicating a prevailing degree of novelty of innovation within 
the industry. Detailed characteristics of the data set are presented in 
Table 2. 

4.2. Measurement model 

As per the guidelines of Hair et al. (2017) we conducted PLS analysis 
to examine the internal consistency of the measurement model. Internal 
consistency reliability for our reflective construct was measured through 
Cronbach’s alpha values as well as composite reliability (CR). The 
reflective construct, PV, exceeded the recommended Cronbach’s alpha 
value of 0.60 (Nunnally and Bernstein, 1994)as well as CR values of 0.60 
(J. Hair et al., 2017) as visible in Table 3. As next step we assessed 
convergent validity of both the reflective as well as formative constructs. 
The average variance explained (AVE) of the reflective construct, PV, 
exceeds the threshold of 0.50, thereby explaining more than half of the 
variance of its indicators. 

Next, we assessed the relevance of all items’ outer loadings, i.e., 
absolute importance, as can be seen in Table 3. Measurement items with 
very low outer loadings (<0.40) should be dropped from the construct, 
while the removal of items with low loadings (0.40–0.70) should be 
thoroughly evaluated on impact of the elimination on composite reli-
ability and content validity (Hair et al., 2017). After dropping inap-
propriate items, we found the loading for the item PV6 still below the 

threshold of 0.50, however as the loading revealed to be significant after 
bootstrapping, the item was retained. Additionally, convergent validity 
of all formative constructs (MIM, COEC, COES) was assessed through 
redundancy analysis (Hair et al., 2017). To ensure the discriminant 
validity of the reflective indicator PV the Fornell-Larcker criterion was 
analyzed. Table 4 shows a comparison between the square root of PV’s 
AVE and its correlations with any other construct, revealing that AVE is 
higher than squared correlations with other constructs, thereby con-
firming the Fornell-Larcker criterion. Research argues that 
heterotrait-monotrait ratio (HTMT) shall be applied as a more accurate 
approach to measuring discriminant validity. Thus, as recommended by 
(Henseler et al., 2015), HTMT of correlations was performed, and our 
results reveal all HTMT values for reflective PV to be below the 
threshold of 0.85, therefore proving for good discriminant validity. 

Lastly, the formative measurement model (MIM, COEC, COES) was 
tested for collinearity issues and significance of outer weighs. High 
correlations among formative indicators are not desirable as they could 
account for collinearity problems (Hair et al., 2017). The variance 
inflation factor (VIF) is the degree of increase in the standard error due 
to collinearity issues and should range from 0.2 to 5. All items of the 
formative constructs were adequately located in the tolerance range, 
thus not indicating collinearity problems. PLS bootstrapping was per-
formed to evaluate the significance of the constructs’ outer weighs, i.e., 
their relative importance. Items presenting no significant outer weights 
were analyzed on the significance of their outer loadings. According to 
Hair et al. (2017), items indicating insignificant outer weights, however 
significant outer loadings shall be maintained while in case of the 
opposite, these items shall be dropped. All items performed according to 
established rules. 

4.3. Structural model 

After confirming the reliability and validity of all construct mea-
sures, we assessed the structural model, thus our model predictive 
capability (Hair et al., 2017). As one of the most essential evaluation 
criteria of a structural model’s quality, we calculated the predictive 
power, R2, of all endogenous latent variables (perceived value, adoption 
degree). Perceived value reveals an adjusted R2 of 0.422 and adoption 
degree an overall adjusted R2 of 0.524, both explaining the model’s 
variances with good predictive accuracy (Hair et al., 2017). Addition-
ally, we evaluated the f2 effect size of all exogenous constructs on the 
endogenous construct, adoption degree. According to (Cohen, 1988) the 
impact of f2 is assessed on a scale of 0.02, 0.15, and 0.35, thus repre-
senting small, medium, and large effects. The effect size of all exogenous 
constructs on adoption degree was above the threshold of 0.02 and 0.15, 
except Coercive Pressure Clients, Coercive Pressure Suppliers, and 
Normative Pressure Associations, with the most robust effect size exer-
ted by Mimetic Pressure and perceived value. Furthermore, we per-
formed a PLS blindfolding routine to calculate the Stone-Geisser Q2 
value, an indication of a models’ predictive relevance (Hair et al., 2017). 
Values above 0 indicate a model’s predictive relevance for an endoge-
nous construct and both adoption degree and perceived value reflect Q2 
values high above 0 (0.476 and 0.198). Our findings on R2, f2, Q2 
indicate that the underlying model has strong predictive relevance and 
explanatory power. Ultimately we assessed the efficacy of the stan-
dardized root mean square residual (SRMR), a model fit measure for 
PLS-SEM (Henseler et al., 2015). As PLS-SEM was originally developed 
for predication purposes, model fit testing tools were not the primary 
purpose of PLS-SEM, however, research has aimed to extend the capa-
bilities of the method for theory testing. SRMR, although still in its in-
fancy, was designed to identify certain model misspecifications and thus 
the approximate model fit. SRMR value close to 0 and below the 
threshold of 0.080, which is the case in our model, reveals an adequate 
model fit (Table 5). 

Path coefficients typically range between − 1 and +1 with values 
close to 1 representing strong relationships (see Fig. 1). While path 

Table 5 
Structural model results.   

R2 Adj. 
R2 

ff 

(AD) 
ff 

(PV) 
Q2 SRMR 

Adoption degree (AD) 0.553 0.524   0.476 0.076 
Coercive pressure: 

clients (COEC)   
0.028 0.006   

Coercive pressure: 
suppliers (COES)   

0.001 0.004   

Firm size (FS)   0.074    
Mimetic pressure (MIM)   0.196 0.162   
Normative pressure: 

association (NORMA)   
0.001 0.041   

Normative pressure: 
consultants (NORMC)   

0.039 0.087   

Perceived value (PV) 0.447 0.422 0.161  0.198   
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coefficients can already approximate the effect of relationships, their 
significance ultimately depends on their standard error, which is derived 
through the PLS bootstrapping procedure with 5.000 bootstrap itera-
tions. Fig. 2 reports path coefficients and the significance level of all 
items in the structural model. P-values below 0.05 and above 0.95 are 
agreed to be significant (Hair et al., 2017). As recommended by Zhao 

et al. (2010) we analyzed the significance of the indirect effects via the 
mediator variable perceived value and accordingly classified relation-
ships as partially or fully mediated. Direct, indirect, and total effects are 
shown in Table 6. 

H1 hypothesizing a direct effect from Mimetic Pressure to adoption 
degree is confirmed on a 1% level (β = 0.87, p = 0.000*). Results show 

Fig. 1. Research model.  

Fig. 2. Structural model.  
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that the relationship from Mimetic Pressure to adoption degree is 
partially mediated by perceived value (MIM → PV, β = 0.410, p =
0.000*), with indirect and direct effects found to be significant. This 
confirms the theory that mimetic pressure exerted by industry compet-
itors not only directly effects the adoption decision, but also contributes 
indirectly to a higher perceived value of the technology, positively 
influencing adoption decisions. 

No evidence was found for a significant direct relationship from 
Normative Pressure Associations to adoption degree, thus H2a was 
rejected. However, the path from Normative Pressure Associations to 
adoption degree is fully mediated by perceived value (NORMA → PV, β 
= 0.165, p = 0.046**), revealing a significant indirect relationship be-
tween the variables. Subsequently, the study finds that normative 
pressure exerted by industry associations and chambers leads to an 
increased perceived value that ultimately impacts the adoption behavior 
in a positive way. 

H2b hypothesizing a direct path between Normative Pressure Con-
sultants and adoption degree was confirmed (β = − 0.162, p = 0.044**). 
Perceived value furthermore partially mediates the path from Norma-
tive Pressure Consultants to adoption degree (NORMC → PV, β = 0.258, 
p = 0.005*), revealing both, a positive direct and indirect relationship. 
The opposite signs, however, indicate a competitive mediation. In a 
competitive mediation the intermediate variable is assumed to reduce 
the significance of the relationship between the independent and 
dependent variables (Zhao et al., 2010). Knowledge transmitted by in-
dustry consultants thus directly influences organizationaladoption de-
cisions, whilst also indirectly mediating perceptions of the efficacy of the 
value of the technology. 

H3 and H4 were rejected as no significant relationship exists within 
or between Coercive Pressure Suppliers or Coercive Pressure Clients 
with respect to degree of adoption. Specifically the mediation of 
Perceived Value over COEC → AD and COES → AD demonstrated no 
effect at all due to a lack of significant relationships. Hence, we conclude 
that coercive pressure exerted from clients and suppliers renders no 
considerable effect on the adoption decision in either a direct or indirect 
way. 

Our findings partially validate H5, given the path from perceived 
value to adoption degree was found to be highly significant at a 1% level 
(β = 363, p = 0.001*), and because perceived value appeared to mediate 
all relationships with adoption degree. This was found to be the case 
with the notable exception of Coercive Pressure Clients and Coercive 
Pressure Suppliers. 

The control variable Firm Size significantly influence the adoption 
degree (β = 188, p = 0.035**), thus validating the importance of com-
pany size for technology adoption. 

5. Discussion and theoretical implications 

This research study examined the influence of institutional pressures 
on the organizational adoption of 3D printing technologies, analyzing 
the extent to which the perceived value of 3DPT mediates this rela-
tionship. Currently, the environmental context surrounding adoption 
remains neglected in studies of organizational 3DPT behavior (with the 
exceptions of Yeh and Chen, 2018 and Tsai and Yeh, 2019), while the 
impact of institutional forces on 3DPT behavior as a particular mani-
festation of an organization’s external environment has also received 
scant attention (Schniederjans and Yalcin, 2018). Our research com-
bines the two phenomena, contributing important insights into the role 
of external environments on organizational 3DPT adoption and high-
lighting the fact that organizational technology adoption decisions do 
not occur in a vacuum. In particular, our study provides evidence that 
institutional forces affect adoption decisions directly and indirectly via 
the mediating influence of a technology’s perceived value. 

Findings of this study support existing research (e.g., Oettmeier and 
Hofmann, 2017; Schniederjans and Yalcin, 2018; Tsai and Yeh, 2019) 
that emphasizes a technology’s perceived value as the main driver in 
3DPT adoption decisions. At the same time, we also identify the key 
reinforcing role of institutional pressures in the adoption process. 

We conclude by observing that mimetically driven adoption repre-
sents by far the most influential driver for 3DPT usage in the Mexican 
footwear industry. With a growing number of firms adopting radical 
technology in an industry, it can be observed that the degree of mimetic 
pressure (Kuan and Chau, 2001) to adopt that technology concomitantly 
increases. It is essential to note that, besides this strong direct effect of 
mimetic pressure on organizational 3DPT adoption, mimetic pressure 
also indirectly drives up the perceived intrinsic technological value of 
3DPT. This suggests that the greater the number of successful 
competitor-adopters among industry, the higher the perceived value of 
3DPT, and consequently, the overall influence on the degree of 
adoption. 

Additionally, our findings show that participation in industry asso-
ciations significantly contributes to the positive perception of 3DPT 
among industry members and consequently drives adoption. This sug-
gests that the constant knowledge exchange and formative activities 
offered by industry associations, successfully conveying the benefits and 
value of 3DPT to members, eventually results in increased technology 
adoption and usage. These are important findings in that they show that 
perceptions about a technology’s value to a firm do not emergence in a 
vacuum, but are instead shaped by extrinsic isomorphic variables. 

Our study therefore contributes important insights to our under-
standing of organizational 3DPT adoption, by considering both a tech-
nology’s potential advantages (Rogers, 1983) and the role of isomorphic 
forces (DiMaggio and Powell, 1983) in reinforcing these perceptions. 

While institutional theory emphasizes the impact of coercive pres-
sures from third party stakeholders (e.g. key clients and suppliers) in the 
strategic decision making process (DiMaggio and Powell, 1983; Yeh and 
Chen, 2018), this study found no such evidence. One reason might be 
that the pool of dominant clients requiring 3DPT-specific competencies 
remains relatively small and as such does not yet wage significant in-
fluence. Alternatively, the bargaining power of those clients and sup-
pliers requiring 3DPT competencies might be limited due to the high 
number of competitors at all levels of the value chain within the cluster. 
Finally there might also be a lack of compatibility among supply chains, 
reducing the emergence of such coercive forces. 

Our study ultimately contributes to the understanding of radical 
technology adoption in organizations. We were able to disentangle the 
relative and interacting influence of exogenous and endogenous orga-
nizational drivers on the adoption of 3DPT, underscoring the fact that 
the study of organizational technology adoption requires consideration 
of organization-internal as well as external drivers. Technology-centered 
and institutions-centered adoption theories must, as a result, not be 
employed in isolation from each other. As such, we urge for the 

Table 6 
Direct, indirect and total effects.   

Direct Indirect Total  

AD PV  AD PV 
3DPT adoption degree 

(AD)      
Coercive pressure clients 

(COEC)** 
0.125 − 0.065 − 0.023 0.102 − 0.065 

Coercive pressure suppliers 
(COES)** 

0.023 0.052 0.019 0.042 0.052 

Firm size (FS)* 0.188   0.188  
Mimetic pressure (MIM)** 0.438 0.410 0.149 0.587 0.410 
Normative pressure 

(NORMA)* 
0.019 0.165 0.060 0.079 0.165 

Normative pressure 
(NORMC)* 

− 0.162 0.258 0.094 − 0.068 0.258 

Perceived value of 3DPT 
(PV) 

0.363   0.363        

* Single-item measure 
** Reflective measure       
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reevaluation of traditional adoption models, such as DOI, TAM or 
UTAUT, arguing instead for a more holistic, integrative approach. 

To date, existing literature has mainly studied the phenomenon of 
novel technology adoption from a multi-industry, qualitative perspec-
tive (Schniederjans and Yalcin, 2018; Tsai and Yeh, 2019; Yeh and Chen, 
2018) (for a review of studies, see Ukobitz, 2020). Our study adds value 
as the first single-industry survey of its kind, offering a precise quanti-
tative assessment of the specific drivers of organizational adoption of 
3DPT. This research design can also be replicated in future research 
studies across diverse non-footwear sectors, such as the automotive or 
medical supply sectors where external forces (e.g., legislation, client and 
supplier dynamics) significantly shape organizational decision making, 
or where radical manufacturing technologies, such as cloud computing, 
smart factory, or machine learning (Jacobson, 2020) continue to 
proliferate. 

5.1. Managerial implications 

In addition to theoretical implications, our results hold (i) implica-
tions for organizational decision-makers and (ii) implications for in-
dustry support institutions. Principally, management must pay 
significant attention to whether the firm possesses the human and 
financial resources necessary to successfully adopt and eploy radical 
technologies. We recommend in this context that the decision-making 
process for the adoption of radical technologies involve experts from 
multiple departments, such as technology, human resources, finance, 
and strategy. Managers must also be fully cognizant of varied institu-
tional forces that might conflagrate to influence the viability of adoption 
strategies. Due to its relative novelty for the industry, 3DPT should be 
viewed as a complex socialized phenomenon that may not only be 
driven by its perceived value for the firm, but by fierce competition, 
where the pressure to comply, gain legitimacy, or foster reputation 
through technological mimetic adoption should not replace or subvert a 
rational analysis of the true benefits of the technology to the adopting 
firm. As the perceived value of 3DPT significantly mediates normative 
forces and adoption, we recommend that professional bodies, such as 
industry associations and research institutions, strengthen formative 
activities to enable a more efficient diffusion of knowledge across an 
industry (e.g., via industry specific 3DPT training initiatives, consul-
tancy, and best practice case studies). Industry associations can either 
implement innovation centers to foster 3DPT training (such as in the 
case of Prospecta in Mexico (Prospecta, 2020)) and/or provide necessary 
and useful documentation. 

5.2. Limitations and future research 

The Mexican footwear cluster comprises a unique conglomeration of 
specialized firms, formal institutions, and shared conduct. As a result, 
findings reported in this study are limited to those represented by a 
specific industrial setting. Transfer of models, results, and recommen-
dations to different industries and contexts subsequently requires care-
ful consideration. However, our findings also encourage a belief that 
similar characteristics may emerge in other specialized industrial clus-
ters, opening the potential for a fruitful field of research, using our 
model, that may yield valuable findings across multiple, varied indus-
trysectors. Due to the increasing media exposure of 3DPT, we believe 
further consumer good markets, such as beauty, clothing, or even food, 
would represent a valuable area of investigation for the adoption of 
3DPT. Additionally, we suggest studying the phenomenon on a con-
sumer level, via the utilization of technology acceptance models, might 
offer elucidating results. 

The underlying work proposed within this study analyzed the 
mediating effect of the technology’s perceived value on the adopting 
entity. However, it may be the case that mediation isnot limited to 
perceived value, but also to the influence of top-management (cultural) 
characteristics or cultural traits, which we suggest could form the basis 

of future research studies. 
Our model employed a quantitative, questionnaire survey, with re-

sults analyzed using partial least squares structural equation modeling. 
However, other approaches to analysis could also have been utilized to 
extend the depth of conclusions drawn from the data. As the survey 
sampling process underlying this research was conducted through the 
Mexican footwear chamber, we could only supply approximated 
numbers of surveys distributed, alongside appreoximated reported 
response rates. Further, companies subscribed to the footwear chamber 
tend to receive more information on technological developments and 
innovation, so might over-represent 3DPT adoption practices amongst 
the reported sector. 

Although the sample size of this study fulfills the requirements for 
the underlying statistical analysis (Hair et al., 2017), it is limited to one 
geographic industry - the Mexican footwear cluster. To broaden the 
sample, further studies could include data originating from other foot-
wear industries, such as the Italian or Brazilian footwear cluster. 

Finally, our study is cross-sectional; changes in the impact of coer-
cive pressures on 3DPT adoption could perhaps be studied more effec-
tively through the utilization of longitudinal research which might lead 
to outcomes more supportive of existing literature within the field, 
which identify coercive pressure as a substantive influencer of techno-
logical adoption. 
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