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Investigating Barriers to Demand-driven SME Collaboration 
in Low-volume High-variability Manufacturing 

Abstract 
Design/Methodology/approach 
An exploratory study of seventeen suppliers within the European Union’s aerospace industry was undertaken. 

The study comprised two stages. In the first stage, suppliers’ answers to self-administered interviews were 

analysed using thematic analysis. In the second stage, interactions between the barriers were determined 

through interviews with experienced SME collaboration facilitators. We apply system dynamics modelling 

to analyse the links between barriers and identify re-enforcing and balancing loops of other factors. 

Purpose 
This paper adopts a multi-tier perspective and aims to explore challenges of small and medium-sized 

enterprises (SMEs) in collaborative manufacturing amid the emergence of dedicated B2B platforms. Original 

Equipment Manufacturers welcome formation of demand-driven collaborations between SME suppliers to 

facilitate ramp-up of production capacity. While being potentially beneficial to suppliers, such collaborations 

face various barriers. 

Findings 
We establish five major groups of barriers to collaboration impeding: (a) market transparency, (b) access to 

orders, (c) partner trust, (d) contracting, and (e) data sharing and coordination. We model application of four 

enablers that facilitate barrier removal for technology-enabled supply chains: digital platforms, supplier 

development, smart contracts, and Industry 4.0. 

Research limitations/implications   
The study is limited by the data collection from the aerospace industry; validation of the models in other low-

volume high-variability manufacturing sectors is needed.   

Practical implications   
The reader will learn about the barriers which impede demand-driven SME collaboration within 

manufacturing supply chains, interrelationships between these barriers and suggestions about how to remove 

them. SME cluster managers will find managerial implications particularly interesting as they will help them 

to overcome collaboration concerns and better prepare cluster members for Industry 4.0.  

Social Implications   
The models developed within this study can be used to explore the effects of intervening at critical points in 

the model to create virtuous improvement cycles between key barriers and related variables in the model. 

This can help decision making and policymaking in the area of supply chain integration. 
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Originality/value   
There is currently a lack of studies about how the existing barriers amplify and de-amplify themselves and 

what the managerial approaches to tackle the barriers are. It is unclear how far companies will go in terms of 

information sharing, given the trust levels, power dynamics and governance structures evident in supply 

chains. This study contributes by explaining the reinforcing interaction between the barriers and showing 

ways to overcome these using enablers.   

Keywords: demand-driven collaboration, supply network, virtual enterprise, Industry 4.0, system dynamics. 

1. Introduction 

Recent years have shown a rapid increase in collaborative projects across industries, triggered by 

black swan events, such as COVID-19. For instance, demand-driven collaboration of Airbus, 

McLaren, Ford and Siemens with local medical small and medium-sized enterprises (SMEs) Penlon 

and Smiths helped the United Kingdom to drastically ramp up the local manufacture of emergency 

medical devices during a period of only 12 weeks (Microsoft, 2020). From the viewpoint of large 

companies, ample integration of SMEs into the supply chain allows for more innovative capacity 

and enhances production of products with volatile demand. For SMEs, such demand-driven 

collaboration allows for more work to be done with partners and capacity sharing. From the 

viewpoint of digitalization policies, demand-driven collaboration between SMEs contributes to 

developing the agenda of Industry 4.0 (Ivanov et al., 2020; Kagermann et al., 2013; Machado et al., 

2020; Smit et al., 2016), as a means of product customization, which is key to low-volume high-

variability manufacturing. To contribute to such production, companies are envisioned to integrate 

horizontally, vertically and in end-to-end directions, supported by digital platforms and other digital 

infrastructure (Smit et al., 2016). At the same time, SMEs are known to face challenges, such as 

lack of trust, infrastructure, strategic plans when instigating new collaborations (Lasi et al., 2014; 

Moeuf et al., 2018; Veile et al., 2020).  However, these challenges remain underexplored.  

In this paper we study barriers to demand-driven SME collaboration in the aerospace industry — an 

important case of low-volume high-variability manufacturing, which is subject to extensive product 

customization requirements, such as buyer/supplier furnished equipment (BFE/SFE) and stringent 

legislation standards, which make collaboration even more challenging than in other sectors 

(Schirrmann & Drat, 2018). Although, aerospace multi-tier SMEs contribute to product innovation 

at all supply-chain tiers (SCE, 2017), the industry can easily be disrupted by changes instigated by 
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their large customers. For example, Airbus triggered a structural change by reducing direct supply 

relationships with more than 6,000 multi-tier suppliers in the favour of first-tier suppliers (Bernhard 

et al., 2007; Rossen et al., 2015; SCE, 2017) and becoming a ‘system integrator’ (Janke et al., 2007). 

This implied close cooperation with their first-tier suppliers (referred also to as Risk Sharing 

Partners — RSPs), whilst other suppliers are expected to collaborate with each other and RSPs to 

stay in business, as illustrated in Figure 1. This limits assimilation of new innovative SMEs and 

start-ups into the aerospace supply chain, as their direct supply to this OEM is restricted (Schirrmann 

& Drat, 2018). 

 
Figure 1. Airbus’s refocusing on RSPs triggers changes in aerospace B2B supply relationships.1 

Extant research provides little insight into barriers that SMEs face when trying to initiate a new 

demand-driven collaboration, how these barriers affect each other, and what are the managerial 

approaches to overcoming these barriers (Liao et al., 2017; Moeuf et al., 2018). For instance, the 

established research in low-volume high-variability manufacturing, considers SMEs individually, 

not in the scope of other suppliers (Mittal et al., 2018; Moghaddam & Nof, 2018; Panetto et al., 

2019). We know that SMEs lack clear best practices about how to initiate collaborations on demand 

(Frank et al., 2019; Raj et al., 2020), face barriers to knowledge sharing (Konsti‐Laakso et al., 2012; 

Zeng et al., 2010) and to collaboration intention (Martin et al., 2019), but there were no systematic 

investigations of SME collaboration during the structural change of an industry. Further, the barriers 

identified in the literature for long-term collaborations, such as strategic alliances, refer to strategic 

issues and do not consider related tactical challenges, e.g., to demand fluctuations or demand shocks, 

which can be addressed through collaboratively, e.g., by ramping up production in an emergency. 

 
1 https://www.digicor-project.eu/the-project/ (accessed 1 April 2021) 
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Response to demand-side disruptions may require SMEs to spend much time in reaching an 

agreement before a new collaboration may start (Frank et al., 2019; Kazantsev et al., 2018; Luthra 

& Mangla, 2018). Therefore, uncovering barriers to demand-driven collaborations would inform 

firms about the potential pitfalls on the collaboration journey and effective ways of addressing these.  

Our study contributes to closing this gap by conducting an in-depth investigation of such barriers, 

interdependencies between them, and exploring how to facilitate formation of demand-driven SME 

collaboration. We state our research questions as: What are the barriers to demand-driven SME 

collaboration? What are the interdependencies between the barriers and possible means of barrier 

reduction?  

To answer these questions, our study was conducted in the context of an EU-funded project aimed 

at building a digital platform for demand-driven SME collaborations in the aerospace industry, 

which is known to be reliant on collaboration between suppliers (Turkina et al., 2016). The study 

included two stages. In the first stage, 17 aerospace suppliers to a leading European aerospace 

manufacturer were interviewed about their experiences of establishing new collaborations. Our 

analysis identified fifteen collaboration barriers; these were explored in the second stage using 

system dynamics to model interdependencies between the barriers, derive insights into the causes 

of the variation in barrier strength, and identify enablers that could overcome them. In so doing, we 

identify four enablers: digital platforms, supplier development programmes, smart contracts, and 

Industry 4.0 technologies. Hence, we contribute to production research by explaining the reinforcing 

interaction between the barriers and showing how the enablers overcome the barriers. The remainder 

of the paper is organised as follows. Section 2 reviews related literature. Section 3 presents the 

methodology. Sections 4 and 5 report on findings: barriers to demand-driven collaborations and 

causal loop models showing their reduction. Section 6 provides a concluding discussion. 

2. Literature review  
SMEs are key to the world economy, accounting for about 90% of businesses and over 50% of jobs 

(World Bank, 2021). Across the OECD, SMEs comprise about 99% of all firms, about 70% of jobs, 

and generate up to 60% of value added (OECD, 2017, 2020). The review begins by exploring the 

experience of SMEs in relation to Industry 4.0, continues by overviewing demand-driven 

collaboration between SMEs, and finishes with the research gap in supply-side SME collaborations. 
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SMEs’ interconnectivity in Industry 4.0  

Industry 4.0 is “an integrity of technologies, organisational concepts and management principles 

underlying a cost-efficient, responsive, resilient and sustainable network, data-driven and 

dynamically and structurally adaptable to changes in the demand and supply environment through 

rapid rearrangement and reallocation of its components and capabilities” (Ivanov et al., 2020, p. 2). 

In the context of SMEs, Industry 4.0 prescribes a new scale of interconnectivity between partner 

companies (Bauernhansl et al., 2014; Lasi et al., 2014; Moeuf et al., 2018; Spath et al., 2013), which 

contributes to digitisation of production processes along the entire value chain (Kagermann et al., 

2013) but may require a substantial financial investment (Smit et al., 2016). Recent work (Ivanov 

et al., 2018; Olsen & Tomlin, 2020; Tang & Veelenturf, 2019) shows that extant research 

predominantly focuses on the manufacturing applications of the technologies in large plants. 

Although fewer studies have addressed application of Industry 4.0 principles and practices involving 

SMEs (Ivanov et al., 2019; Ivanov et al., 2020), some hurdles to SMEs’ adoption of Industry 4.0 

have been identified, see Table 1. Barriers to Industry 4.0 for SMEs identified in the literature 

Table 1. Barriers to Industry 4.0 for SMEs identified in the literature. 

 Barrier name Barrier description Source 
1 Lack of benefit Lack of clarity regarding economic 

benefit of Industry 4.0    
(Mittal et al., 2018; Raj et al., 2020; Xu 
et al., 2018) 

2 Lack of Industry 
4.0 infrastructure   

SMEs mostly apply inexpensive and 
less revolutionary solutions, lack of 
reference architecture. 

(Batz et al., 2018; Konsti‐Laakso et al., 
2012; Mahmood et al., 2021; Moeuf et 
al., 2018; Zeng et al., 2010). 

3 Lack of digital 
culture, skills 

SMEs lack digital skills to operate 
data-driven IT tools.  

(Frank et al., 2019; Mahmood et al., 
2021; Moeuf et al., 2018; Raj et al., 2020) 

4 Lack of strategy SME management structures leave 
new technologies under-exploited. 

(Horváth & Szabó, 2019; Klein et al., 
2018; Moeuf et al., 2018).  

5 Lack of flexibility SMEs are known to find it hard to 
accept organizational change.  

(Batz et al., 2018; Mittal et al., 2018; Raj 
et al., 2020). 

6 Lack of resources SMEs are known to lack capital to 
apply Industry 4.0 technologies. 

(Mittal et al., 2018; Müller et al., 2018) 

Demand-driven collaboration 

In the context of supply chain management, the term collaboration typically means transformation 

of conventional supplier–buyer relationships into partnerships within a network, facilitating joint 

product design and deployment of integrated logistics (Ross & Rogers, 1996). The studies by 
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Zimmer et al. (2016) and Glock et al. (2017) review approaches to collaborative supplier 

relationship management from the buyer’s perspective. For buyers such as Original Equipment 

Manufacturers (OEMs), SME collaborations are considered strategically important to improve 

product innovation (Batz et al., 2018; Hernández & Pedersen, 2017) and risk management (Dubey 

et al., 2021; Ivanov et al., 2019; Ivanov et al., 2020). In contrast, from a supplier’s perspective, 

collaborations occur between multi-tier suppliers towards joint demand fulfilment. Demand-driven 

collaborations are typically initiated in response to an emerging business opportunity characterized 

by a limited time frame, fewer members, and contractual commitment (Schirrmann & Drat, 2018, 

p. 9). By initiating and accepting demand-driven collaborations, SME suppliers can access other 

industries and utilise their excess capacities “for a specific business goal at a specific moment in 

time” (Grefen, Eshuis, et al., 2009, p. 89). Virtual Enterprises are a common inter-organizational 

structure for SMEs initiating such projects (Camarinha-Matos, 2009; Grefen, Mehandjiev, et al., 

2009; Ivanov et al., 2010; Sokolov & Ivanov, 2015).  

Barriers to demand-driven collaboration   

A barrier to entry (collaboration) is anything that “prevents entry when entry is socially beneficial” 

(Fisher, 1979, p. 23). The existing literature on supply chain alliances reports on structural, 

sociological, organizational and individual barriers, which “reinforce each other to undermine 

collaborative behaviour” (Fawcett et al., 2015, p. 648) and lead to supply chain collaboration failure. 

From an SME’s perspective, large manufacturers are dominant in the market and exercise their 

power when selecting suppliers (Schwab, 2017), which signifies knowledge and power imbalance 

in supply chains (Fawcett et al., 2008). 

In contrast to opportunity-independent strategic alliances, partners of time-limited demand-driven 

collaborations do not align strategies, and partnering SMEs keep their own business objectives. 

Differences in business culture (Borys & Jemison, 1989; Camarinha-Matos et al., 2017) increase 

risks of partners’ opportunistic behaviour (Melander & Lakemond, 2015). SMEs often lack common 

forms of contractual coordination (Villa & Bruno, 2013), which undermines trust (Reaidy et al., 

2015) — a necessary precondition for collaborations (Guo-Qiang & Ji-Ying, 2006). SMEs spend 

much time trying to agree on many issues before a new collaboration may start (Frank et al., 2019; 

Kazantsev et al., 2018; Luthra & Mangla, 2018). They further lack technological infrastructure 

(Michaelides et al., 2013) and face barriers to information exchange (Klein et al., 2018). Taken 
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together, there are significant barriers to demand-driven collaborations which impede SMEs’ 

participation in such time-limited business opportunities. Therefore, enablers to demand-driven 

collaboration are required.  

Enablers to demand-driven collaboration   

Faustino et al. (2019) identified governance, geographic proximity, and trust as the main enablers 

of SME collaboration. Regional SME clusters provide access to knowledge (Götz & Jankowska, 

2017), connections to external markets (Villa & Taurino, 2018) and supplier development programs, 

such as networking and socialization mechanisms, favouring demand-driven collaboration (Götz & 

Jankowska, 2017). Managers in clusters act as innovation orchestrators by resolving communication 

problems between SMEs (Batz et al., 2018). A prominent example of a cluster with a supplier 

development programme is Virtuelle Fabrik — a regional manufacturing network in Switzerland 

that supports short-term cooperations (Katzy & Crowston, 2008). By integrating SMEs’ internal 

resources with complementary activities of their partners, clusters employ new collaborative 

business models (Dalmarco et al., 2019). In turn, the informal linkages that firms establish develop 

trust over time (Connell et al., 2014 ; Niu, 2010). This contributes to a reduction in transaction costs 

by creating collective actions and common goals that reduce opportunistic behaviours (Liao, 2010). 

Clusters may employ digital platforms to let companies access a shared pool of resources during a 

demand-driven collaboration (Faustino et al., 2019). Platforms match customers, suppliers and 

partners, standardise contracting, and trace actors’ reputation (Schor, 2014). By so doing, platforms 

facilitate formation of demand-driven collaborations (Thomas et al., 2014), bring innovations to 

products (Adner & Kapoor, 2010; Payne & Frow, 2016; Thomas et al., 2014), aid in increasing 

SMEs’ collaboration efficiency (Connell et al., 2014) and problem-solving (Hoffmann et al., 2014; 

Niu, 2010). Such platforms are popular in Chinese manufacturing (MacCarthy et al., 2016) and are 

emerging in the EU (Veile et al., 2020), such as the EU-funded project EFPF2. 

Research gap   

It appears that SMEs need to overcome significant hurdles to become successful players in future 

Industry 4.0 developments (Decker, 2017; Sommer, 2015). In this regard, demand-driven 

collaboration and its enablers are often seen as ways for SMEs to overcome some of the barriers. 

 
2 https://www.efpf.org/ (accessed 1 April 2021) 
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Earlier simulations of manufacturing services and components delivered by a collaborative network 

of organisations have shown increased demand for manufacturing flexibility, customization, higher 

market responsiveness, shorter lead times and better capacity utilization (Moghaddam & Nof, 2018), 

but assume that all SMEs are ‘willing to collaborate’, which rarely happens in practice. There is an 

incomplete understanding of why for-profit companies do not collaborate when a collaboration 

actually provides tangible benefits (Ferrell et al., 2020). The reasons for non-participation of SMEs 

in demand-driven collaborations as well as the incentive schemes to encourage participation and 

share gains between SMEs are underexplored (Ferrell et al., 2020).  

As such, there are industries, specifically aerospace, where demand-driven supplier collaboration is 

expected (Schirrmann & Drat, 2018), but suppliers are reluctant to collaborate (Turkina et al., 2016). 

It is not uncommon for such industries to require ‘low-volume high-variability’ manufacturing 

capabilities in order to produce extensively customized products, such as bespoke aircraft, and cope 

with demand uncertainty. Recent years have witnessed new research on supply chain collaboration 

in the aerospace industry addressing (a) decision support tools for forming Industry 4.0 supply chain 

collaborations (Cisneros-Cabrera et al., 2021; Cisneros-Cabrera et al., 2018; Ramzan et al., 2017); 

(b) application of Internet of Things to improve project planning and implementation of aerospace 

project-driven supply chains (Ethirajan & Kandasamy, 2020); (c) risk and reward sharing, which 

improves collaboration among the partners (Braziotis et al., 2017). In most of this research, trust 

was cited as being crucial for developing inter-organisational relationships in the aerospace industry 

(Varoutsa & Scapens, 2012). The three largest obstacles to the digital integration of suppliers in the 

aerospace industry were found to be: the lack of pre-configured IT interfaces, insufficient standards 

for supply chain processes, and paucity of standards for IT tools (Stegkemper, 2016). However, 

these insights represent only an aggregate view, falling short of a finer-grained analysis and practical 

recommendations. 

Therefore, we formulate our research questions as: What are the barriers to demand-driven SME 

collaboration? What are the interdependencies between the barriers and possible means of barrier 

reduction?  

To date, a number of barriers to supply chain collaboration have been identified, but these are 

considered (a) in long-term strategic alliances; (b) from a buyer perspective; and (c) detached from 
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the Industry 4.0 context. The latter perspective is important especially given the added technological 

complexities brought by Industry 4.0 that, in turn, may either reinforce or diminish the barriers. Our 

work explores this gap by empirically investigating the perceived barriers to formation of demand-

driven collaborations, initiated in response to an emerging, short-lived business opportunity. In so 

doing, we particularly focus on potential collaborations between SMEs in the presence of digital 

platforms.  

3. Methodology 

Our research approach follows the interpretivist paradigm (Saunders et al., 2007), which is the 

philosophical stance focusing on exploration of the complexity of social phenomena and aiming to 

understand the meanings that others have of the phenomena. Contextual relevance is an integral part 

of the interpretivist philosophical stance (Morgan, 2007). In this research, understanding of meaning 

is achieved through inductively developed patterns constructed through exploration of rich data 

(McKie, 2002). A qualitative exploration was needed because the current understanding of this 

particular phenomenon is incomplete (Miles & Huberman, 1994). This particular style of enquiry 

allows for exploration through the collection of rich data, such as self-administered paper-and-pencil 

interviews (Kim et al., 2008). 

Research context and sample selection 

The Association of Aerospace SMEs (AAS) represents a supplier cluster in Northern Germany 

comprising a wide spectrum of aerospace suppliers (about 150 companies in the period of the study), 

which supply a major aerospace corporation (MAC) and its Tier-1 suppliers. The established 

aerospace value chain starts from MAC, who places orders in the form of calls for tenders (CfTs) 

and disseminates these documents among its largest Tier-1 suppliers. Tier-1 suppliers typically 

invite their established SME partners to supply sub-assemblies and services. The process is 

predominantly manual, lacks transparency and poses significant capacity and capability 

requirements for individual suppliers. Both MAC and its suppliers are interested in facilitating 

demand-driven collaborations within and across lower tiers, such collaborations can better meet 

MAC demands and increase the volume of business for AAS members. AAS is a very good context 

to study inter-firm barriers, as firms in the aerospace industry are known to be reliant on 

collaboration between suppliers (Turkina et al., 2016). Keeping in mind the reluctance of 

manufacturing SMEs to respond to surveys (Müller et al., 2018), we asked an AAS executive, twice, 
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to invite (via e-mail) CEOs of their member companies to fill a semi-structured paper-and-pencil 

interview (Kim et al., 2008), in a time convenient for them. This method is also known as a self-

completed questionnaire (Saunders et al., 2007), and uses open questions to explore the key areas 

of interest. We received a positive response from 17 AAS members (see Table A1; all participants 

have been anonymised), which we consider sufficient for qualitative exploration due to the 

exploratory nature of the study. Of the 17 respondent companies, 14 (82% of the sample) employ 

fewer than 250 staff and have an annual turnover of up to €50m, thus meeting the EU’s classification 

criteria for SMEs, whereas three companies (18% of the sample) exceed one or both thresholds. We 

still retain all respondent companies in the sample as this warrants a better representation of the 

supplier cluster and the collaboration barriers between its members, comprised predominantly of 

SMEs. 

Interview design 

We prepared interview questions (Table A2) focused on supply chain collaborations and covering: 

(i) company information; (ii) priorities and activities in searching for partners; (iii) barriers to 

vertical supply chain collaborations; (iv) perceived impact on business; (v) barriers to horizontal 

collaboration between suppliers; (vi) benefits of horizontal collaborations; (vii) IT-related barriers 

to collaborations; and (viii) how the company could overcome the barriers. Questions in groups (ii)–

(viii) were open-ended, allowing respondents to itemise their own responses. In agreement with the 

AAS executive, the term ‘Industry 4.0’ was not explicitly included in the wording of questions, as 

the conceptual vision of digital transformation might have positively biased the respondents 

regarding the current barriers. The questions were reviewed by all team members and translated 

from English into German by a bilingual AAS executive, who also provided back-translation of the 

responses. The questionnaires were completed by the respondent companies between October 2016 

and February 2017. 

Thematic analysis  

We employed thematic analysis of the data, a method that seeks to find themes of interest in the 

dataset (Braun & Clarke, 2006; King & Horrocks, 2010). It allows researchers to reassess the pre-

defined initial ideas through “inductive contact with the data” (Fereday & Muir-Cochrane, 2006, p. 

88). Such an approach is suggested for investigating “commonalities between [a] set of companies 

rather than analysis of individual cases in greater depth” (King & Horrocks, 2010, p. 159). We 
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followed the abductive procedure of Dubois and Gadde (2002), i.e. evolving the theoretical, 

empirical fieldworks, and case analysis simultaneously. Figure 2 illustrates the coding model.  

 
Figure 2. Representation of the coding model.  

The answers were thematically coded, through an interpretive process of detailed reading and 

reviewing of the content (Dubois & Gadde, 2002), and the descriptive themes were grouped into 

interpretive themes. In the process, we agreed the inclusion of new sub-categories as they appeared 

from the data (King & Horrocks, 2010). When the analysis no longer identified any new codes, we 

confirmed theoretical saturation and, therefore, the final coding structure (Bryman, 2008; Silverman 

& Marvasti, 2008). Inter-coder reliability was ensured by following an iterative process for 

analysing content using documented peer-review and reflection of our coding (Creswell & Miller, 

2010) contributing to the reliability of the study (Miles & Huberman, 1994). Any differences were 

resolved through peer-review and discussion (Kassarjian, 1977). To remove the observer-bias 

(Eisenhardt & Graebner, 2007), external validity was ensured through the review of previous 

literature on collaboration challenges. After the thematic analysis was completed, we presented the 

initial barriers to three of the respondent companies during the Hamburg Aircraft Interiors Expo 

2018 to obtain feedback3 and enhance the validity (Crabtree & Miller, 1999). Furthermore, we 

assured the respondents’ full anonymity and confidentiality, addressing potential key informant 

bias. 

 
3 Recordings are available upon request. 

Interview quotations

Descriptive codes

Interpretive codes

Overarching theme Group of 
factors

Barrier A

Manifestation 

Citation

Manifestation

Citation

Barrier B

Manifestation

Citation

Manifestation

Citation
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System dynamics  

As recommended by Sterman (2000, p. 158), in the second stage of our study we undertook an in-

depth interview with two industrial experts from MAC and AAS, who had more than 20 years of 

experience in the aerospace industry, where we presented the identified barriers and discussed the 

interrelationships between them and suggestions for how they could be removed. We employed the 

system dynamics methodology to represent the interrelationships between the barriers and the 

potential effect of managerial intervention by means of the enablers. Prior to the interview, the 

experts were introduced to the system dynamics methodology. Following participative business 

modelling (Akkermans & Van Wassenhove, 2018), we allowed experts to propose any interrelations 

between the barriers they considered appropriate. Iteratively we developed causal loop diagrams to 

model the state of the barriers before and after suggested managerial intervention, which we showed 

to the same experts one year later to confirm the validity of models.  

4. Findings 

In the first stage of this study, we report on 15 manifestations of barriers to supply-side SME 

collaborations and five overarching themes.  

Overarching theme 1: Barriers impeding market transparency 

Barrier A1. Customer search costs   

This barrier describes the costs of identifying potential customers in the supply chain. These include 

employees’ time, travel and accommodation expenses incurred in attending physical meetings. 15 

out of 17 companies mentioned the need to attend international trade fairs and presentation events 

to find new customers. 

Barrier A2. Partner search costs   

Companies’ responses reveal that they lack experienced partners. Costs of partner search comprise 

the need for physical meetings and interaction with international companies (see also barrier A1), 

and the accumulation of these costs poses a significant financial hurdle to SMEs. In addition, 

supplier 3 noted that the ‘networking time is missing’ and this is another obstacle to preparing a 

timely collaborative tender.  
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Barrier A3. Marketing costs 

Respondents mentioned the marketing spend required to sustain ‘reputation and marketing effort’ 

in the eyes of potential customers (supplier 13) and ‘for better visibility and public relations’, as 

perceived by supplier 12.  Otherwise, it is ‘very difficult to find new customers’ (suppliers 9, 15). 

Barrier A4. Lack of knowledge about starting new relationship in Industry 4.0 

Companies regard joining networks as a way ‘to exchange knowledge’ (supplier 15), ‘to stay close 

to the market and recognise trends’ (supplier 13) and to gain ‘access to additional market 

intelligence’ (supplier 1). They complained about their knowledge imbalance in networks regarding 

initiation of new relationships. Supplier 8 mentions ‘minor knowledge about industry 4.0’. 

Overarching theme 2: Barriers impeding access to customer orders 

Barrier B1. Suppliers unable to meet the tender requirements 

Our data suggest that suppliers lack production resources to sustain the typical delivery volume 

stipulated in the purchase conditions of MAC orders. Supplier 1 that produces composite aircraft 

parts claims: ‘the size of our company is too small for very high-volume contracts with OEM’. Such 

strategic misalignment due to size, financial strength, capacity, and qualified staff deficit does not 

allow SMEs to deliver to MAC. Additionally, the strict industrial certification requirements of the 

aircraft supply chain impose costly, complex and slow certification processes on SMEs. As a result, 

SMEs cannot fully satisfy certification requirements of a typical MAC order. 

Barrier B2. Lack of direct access to downstream orders  

The data suggests that most of the aerospace sourcing agreements of the MAC are with large 

companies that act as intermediaries. Large Tier-1 suppliers tend to have a long history of doing 

business with the MAC and they were perceived as reluctant to change arrangements with their 

existing partners, as supplier 16 explains: ‘big customers want to have all services from one source’. 

Other evidence suggests that ‘call for tenders of the OEM are made only for tier-1’ and procurement 

practices “ensure” that ‘no direct bidding to OEMs [is] possible’, as perceived by supplier 6. 

Supplier 10 indicates that ‘changes and improvements in [tendering] work flow routines in big 

companies are very limited’. 

As MAC orders are distributed among Tier-1 suppliers only, these companies protect their market 

power, as explained by supplier 2, by ‘filter[-ing] relevant information from the OEM’. Since Tier-
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1 suppliers tend to disseminate unattractive remaining work packages to smaller suppliers, SMEs 

must work under their dominion rather than find partners with complementary capabilities 

themselves. Supplier 6 also mentions ‘late call for tenders’ from MAC as a reason for having ‘short 

time for generating offers’ in collaboration and ‘bad comparability’ of such collaborative offers by 

MAC (supplier 4).  Additionally, respondents mention ‘very short-term information about changes’ 

in requirements (supplier 14), which are imposed for ‘quick fixes instead of exploiting the available 

[collaboration] potential’ (supplier 15).   

Barrier B3. Lack of understanding of requirements 

The data suggests that tender requirements are not clear enough to allow suppliers to gauge their 

suitability for collaborative delivery with other companies. Suppliers express concerns that 

customer order specifications are ‘vague’, ‘unclear’, and this could be explained by suppliers’ weak 

bargaining power, or by the lack of industrial knowledge. Supplier 17 claims that since the ‘contact 

person at the customer is unknown’, there is no chance to ask questions.  

Overarching theme 3: Barriers impeding partner trust  

Barrier C1. Partner opportunism 

Suppliers state that it is hard to avoid ‘competition thinking’ and ‘to find common goals’, as 

perceived by supplier 1. Supplier 2 explained this competitiveness by the differences in business 

culture between countries. Unwillingness to cooperate pushes suppliers to extract maximum benefit 

from collaborations whilst applying minimal efforts in exchange. This is confirmed by the testing 

equipment supplier 15 who insists that ‘some SMEs are looking for the “cheap win”: i.e. getting as 

much out of collaboration as possible without providing anything “in exchange”’. Supplier 14 

suggests that partner ‘matching’ would result in a ‘win-win-situation’ that involved all partners ‘in 

the same way’.    

Barrier C2. Partner distrust 

Distrust was evident in several responses. Supplier 15 reported that there is ‘(no) willingness to 

further develop external ideas [that are] not invented by them [and] top management [of other 

companies] disapprove of the idea of collaborating with other organisations altogether’. Suppliers 

10 and 17 indicate that smaller suppliers are unwilling to give information to them. Supplier 10 also 

complains that ‘evaluation of own suppliers can’t be done because reluctance of those to deliver the 
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required information’. Companies also do not share forecasting data. Furthermore, some suppliers 

mentioned intentions ‘to spy for solutions of competitors’ (supplier 16). Supplier 2 recollects that 

when they temporarily used the infrastructure of larger suppliers, the latter hired their best staff. 

Overarching theme 4: Barriers impeding contracting 

Barrier D1. Restrictive contracting practices  

Supplier 17 indicates customers’ ‘unwillingness to change suppliers’. Supplier 8 further elaborates 

that larger suppliers have long-term agreements with MAC and smaller suppliers ‘can’t take part in 

tenders, if they don't have a contract with OEM’. Supplier 12 mentions that this is due to ‘[poor] 

contractual conditions’, such as focus on long-term agreements with large volumes that are 

unsuitable. Supplier 13 mentions ‘long-term contract terms with changing business content’ that are 

also unsuitable. Furthermore, several suppliers have pointed to a price-only focus on market 

competition, which disregards other performance attributes — such as quality.  

Barrier D2. Partner contracting costs  

Supplier 8 recalls the differences in ‘international systems for law, taxes ….’ and that it takes ‘long 

time to find right regulations’ to arrange a contract (supplier 14) and to decide about the ‘role[s] in 

the cooperation (Who is the contractor?)’ (supplier 1). Furthermore, supplier 8 explains that ‘SME 

partners want to have own contracts with the customer’.  Supplier 10 mentions ‘different levels of 

readiness to accept a [contracting] risk’. Supplier 12 confirms that ‘risks can't be given to other 

partners in the network or can't be shared’. 

Barrier D3. Knowledge protection costs  

The identified knowledge protection obstacles embrace ‘IP- and knowledge-management in 

projects [that] disable cooperation’ (supplier 15). A cabin interiors supplier 8 recalls differences in 

‘international systems for patents’, which makes it difficult to understand the way some of partners’ 

IP could be used. Supplier 5 further indicates ‘problems with [protecting] intellectual property’, 

and supplier 6 — ‘time-consuming non-disclosure agreements’.  Due to a lack of formalised 

company-specific policies, negotiating non-disclosure agreements between partners takes a long 

time due to differences in legal, fiscal and patent systems. 
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Overarching theme 5: Barriers impeding data sharing and coordination 

Barrier E1. Costs of data interchange with customers   

Although some companies are ready for information exchange, supplier 2 reveals the lack of ‘direct 

IT-interface to the [OEM] systems’, which is allowed only through larger suppliers. Supplier 16 

recalls ‘time-consuming calibration because of missing knowledge for operating devices of 

customers’, and supplier 13 concludes that ‘worldwide integration [of suppliers] can be difficult 

because of different IT-systems and/or behaviour of staff’. 

Barrier E2. Lack of ability to utilise partners’ data 

Respondents reported obstacles that hamper data exchange between partners, such as ’unfit 

technological delivery specifications’, as perceived by supplier 6. Supplier 8 commented on 

‘missing standards and interfaces in communication’ and ‘proprietary IT-systems without adequate 

standards for data transfer’. Supplier 15 added the lack of ‘optimisation in information flows and 

communication for structured data exchange’. Additionally, supplier 10 mentions poor 

management of ‘data exchange such as CAD and digital platforms/portals’. 

Barrier E3. Cost of lack of coordination  

Six respondents cited inefficient inter-organisational cooperation, including lack of accurate 

forecasting, and information gaps relating to customer order fulfilment, especially to customer 

requirements. Supplier 16 mentions information loss due to ‘Chinese whispers effects in 

communication’. Supplier 6 adds that it implies ‘long production cycles of suppliers [shift] 

estimated delivery time and [therefore] delivery requirements of customers [are getting] not 

compatible’. 

Summary 

For the AAS supplier cluster, five overarching themes and 15 barriers have been found, which were 

organized according to the number of quotations of each barrier, see Table A3 and Figure 3. We 

caution the reader against overinterpreting the most frequently cited barriers as most substantial 

ones; they shall be understood as the barriers that have occurred most frequently across the study 

sample. 
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Figure 3. Factors driving supply-side SME collaboration via removal of barriers. The inner circle refers to 

overarching themes, while the outer, to barriers. Sector sizes correspond to the number of quotations. 

Looking back at the literature, we note similarities in results to other studies. In supply chain 

alliances, barriers similar to market access have been labelled as ‘search for qualified suppliers’, 

‘collaborative skill gap’ (Fawcett et al., 2015) and order access: ‘silo mentalities’ , ‘protecting turf‘. 

Knowledge and power imbalance suggest opportunistic behaviour of companies, demonstrating 

their territoriality (Fawcett et al., 2008). From the SMEs’ perspective, many issues are to be agreed 

before a new collaboration may start (Luthra & Mangla, 2018). The efforts needed to initiate 

relationships (Frank et al., 2019) is often a result of a common goal and partner trust. Although lack 

of trust between SMEs is widely known (Müller et al., 2018), it is still challenging to increase it 

mutually and make suppliers feel a sense of moral obligation to their peers (Čater & Čater, 2010). 

To this end, supplier development programs are useful, such as networking and socialization 

mechanisms, favouring inter-firm cooperation (Götz & Jankowska, 2017). The issues related to the 

unclear legal status of data ownership was identified as substantial impediment in provision of smart 
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services (Klein et al., 2018). Restrictive contracting practices were labelled as ‘opposition to change’ 

(Fawcett et al., 2008; 2015). The activation of an ‘on demand’ collaboration includes the official 

start of the OEM order fulfilment, which provides a further barrier to participation due to 

coordination issues. ’Poor systems connectivity’ and the ‘lack of data sharing among supply chain 

partners’ have been identified in supply chain alliances (Fawcett et al., 2008; Fawcett et al., 2015) 

and in provision of smart services as  ‘barriers to information exchange’ (Klein et al., 2018). Supply 

chain literature further points to coordination costs arising due to uncertainty and risk (Cachon, 

2003; Choi & Cheng, 2011). 

5. Interrelationships between the barriers and enablers of their reduction 

In the second stage of this study, we report on five causal loop models displaying interrelationships 

between the barriers, which were produced with AAS and MAC executives. The key concerns 

discussed with them were: What factors are limiting the growth of SME collaborations in AAS? 

How do the barriers reinforce each other? What are the potential measures to reduce the barriers? 

During the discussions with these experts, it was agreed that the following four enablers should 

address the barriers: 

1) Digital platforms, such as DIGICOR4, to facilitate SME team formation, thus responding to 

barriers impeding market transparency and access to orders; 

2) AAS supplier development programs to address the issues of competitive thinking and lack of 

knowledge, thus responding to barriers impeding partner trust;  

3) Smart contracts such as IOTA5 to better regulate relationships with customers and partners, thus 

responding to barriers impeding contracting;  

4) Funding from supra-national institutions, such as the EU’s Factories of the Future, to increase 

the number of companies in AAS which could work in the virtual environment enabled by 

Industry 4.0, thus responding to barriers impeding data sharing and coordination.  

Next, we present the findings by showing interrelationships between barriers and enablers in terms 

of the five overarching themes: market transparency, order access, partner trust, contracting, and 

data sharing and coordination. 

 
4 https://www.digicor-project.eu/the-project/ (accessed 1 April 2021) 
5 https://www.iota.org/ (accessed 1 April 2021) 
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Causal loop diagrams with important feedback loops have been developed using the variables 

identified earlier in the study.  As we need to use measurable variables and specify them in a way 

that their normal sense of direction is positive (Sterman, 2000, p. 153), we conceptualize them as 

efforts to overcome the barriers (cf. Figure 3). The underlying goal behind causal loop models is to 

move from reinforcing towards balancing relationships, thus proposing the enablers to change the 

status quo in the dynamic system (Akkermans & Van Wassenhove, 2018).  

Market transparency 

Figure 4 shows interrelations between barriers that impede market transparency.  Barriers are shown 

in bold, while their impact on market transparency — in regular font. As we can see, customer 

search increases (+) the order localization ratio. The latter, in turn, increases the number of 

accomplished tenders, which occurs with a delay, as indicated by two stripes on the arrow. The 

more tenders are accomplished, the easier it is for a SME to find partners, therefore partner search 

diminishes (-) directly; as well as customer search diminishes in the longer time perspective 

indirectly. The reinforcing nature of the loop implies that the more the company spends on customer 

& partner search, the easier it is to localize new orders, but these costs reduce the company’s profits. 

The less companies spend on search, the less orders they localize and execute. Therefore, to facilitate 

market transparency for SMEs, enablers for lowering these barriers should be proposed.  

 

Figure 4. Causal loop diagram of barriers impeding market transparency. 

Figure 5 demonstrates that the negative effects of low market transparency could be improved by 

introducing two enablers (in green): supplier development programs (SDP) and a digital platform 
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such as DIGICOR. SDPs include networking and team formation events, which facilitate marketing 

of SMEs and disseminate best practices of collaboration. DIGICOR is a digital platform developed 

to increase the number of SME partners and to enable better conditions for order localization. These 

enablers create balancing loops which reduce the impacts of barriers and reach an equilibrium once 

a SME finds appropriate order and required partner(s).  

 
Figure 5. Barriers impeding market transparency.6 

Order access 

Figure 6 shows interrelations between barriers that impede order access: poor understanding of 

tendering requirements (R2), lack of direct access to downstream orders (R3) and inability to fit to 

available calls for tenders. For these barriers, a digital platform enables collaboration governance 

rules. The reinforcing nature continues until suppliers understand the tendering specification and 

aerospace regulatory documents, which experts expect in the time perspective.  

 
6 Variables have been selected from the database of companies’ responses. Variables in bold are the constructed barriers. 
The blue arrows show the causal relationships between these barriers and intermediary variables, which increase (+) or 
decrease (-) in time. Two stripes on the arrow indicate the time delay of causality. Green arrows and green bold variables 
represent suggested managerial intervention discussed with experts. 
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Figure 6. Barriers impeding access to orders. 

Partner trust  

Figure 7 shows interrelations between barriers that impede partner trust in AAS, which was 

identified as the key barrier in an earlier study of multi-tier information sharing in supply chains 

(Kembro et al., 2017). Partner trust in AAS could be increased by tracing reputation of partners in 

the standardized legal framework, like smart contracts, which leads to more collaborative work and 

in turn more common goals (B3). Following the best practice of social dinners in the Virtuelle Fabrik 

supply cluster (Katzy & Crowston, 2008), AAS is organizing SDPs and networking events (sea 

races) for its members to introduce partners, increase their reputation and consequently, confidence 

in a potential collaboration. 
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Figure 7. Barriers impeding partner trust.  

Partner contracting  

Figure 8 shows interrelations between barriers that impede partner contracting in AAS. Lengthy 

negotiation times, differences in regulations and unsuitable contract conditions, such as variable 

ramp-up requests can disturb partner contracting. The enabler targets three variables to reduce risk 

aversion between SMEs and their efforts of knowledge protection (R6). To this end, smart contracts 

standardize common legal frameworks to smooth the negative effects. For instance, customer 

restrictions due to changing contract conditions, such as ramp-up deliveries, or constraints impeding 

behaviour of new partners could be prescribed in the digital contract, which terminates the execution 

if the condition is met.  

 

Figure 8. Barriers impeding contracting. 
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Data sharing and coordination  

Figure 9 shows interrelations between barriers that impede data sharing and coordination. Lack of 

delivery specifications, lack of direct interfaces to MAC, and differences in data interchange 

standards hamper customers’ data interchange. Lack of standards in data interchange decreases 

partners’ data interchange ability and consequently coordination efficiency. Funding from supra-

national institutions, such as the EU, into SME digitalization using Industry 4.0 technologies, such 

as Internet of Things, enforce data interchange standardization and forecasting abilities, thus starting 

balancing loop (B5) leading to higher order execution ratio, and the reinforcing loops (R7 and R8) 

leading to better coordination via improving data exchange between customers and partners. Using 

these technologies, SMEs could monitor what partners produce, exchange best practices and 

increase mutual trust, which was earlier referred to as ‘learning by monitoring’ (Sabel, 1996) in the 

automotive industry. The COVID-19 restrictions triggered MAC to open an Application 

Programming Interface (API) for suppliers, which facilitated data exchange of SMEs to MAC and 

positively impacted on networking and collaboration potential between the AAS members. 

 
Figure 9. Barriers impeding data sharing and coordination.  
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6. Conclusion 
Our findings offer insights into the barriers impeding demand-driven SME collaborations and 

potential remedies. Our thematic analysis suggests this is a result of 15 barriers organised into five 

overarching groups. While some of the barriers have received attention in the operations 

management literature, they have not been examined in the context of (a) initiating new 

collaborations, (b) by SMEs, and (c) in the context of digital platforms. This research highlights the 

role of a SME collaboration as a fertile environment for adopting Industry 4.0 practices and capacity 

sharing. Although many SMEs cannot adopt Industry 4.0 alone, their demand-driven collaboration 

can enable partner trust over time and enable solutions for many of the identified barriers. Thus, we 

provide insights into impediments when a significant effort is needed to identify orders appropriate 

for collaboration, find partners, initiate, and maintain relationships. The study used a small number 

of suppliers (17) and may not be generalizable to the population as a whole. We do not argue that 

the identified barriers represent an exhaustive list, and do not claim causality between the removal 

of the barriers and collaboration ability. Other industries as well as non-SME contexts should be 

explored to determine whether these barriers manifest themselves in other settings and whether their 

removal may lead to an improved demand-driven collaboration.  

Future work will focus on simulating system dynamics using the approaches proposed in the present 

work. We see a pathway to obtaining quantitative insights into the issues raised in this study by 

including the weighting of barriers, based on frequency of quotation, to stock and flow diagrams as 

input parameters. These models could therefore provide guidance on the scope of the intervention 

(e.g., using digital platforms, smart contracts, supplier development programs, and Industry 4.0) 

needed to overcome a particular barrier or a set of barriers. Building on our findings, studies of 

cross-industrial nascent platform ecosystems with focus on Industry 4.0 are likely to further extend 

knowledge in this area and expand the study to industries other than aerospace.  
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Appendix 

Table A1. Respondent companies 

Supplier id and 
location 

Sector Main products / services Employees 
number 

Turnover 
in mln. € 

Tier 
number 

1 (Europe) Aerospace  composite aircraft materials  130 12 3 

2 (Europe) Aerospace  stress analysis, design and 
construction 

225 6.3 3 

3 (Europe) Aerospace  coating of metallic products 68 5.5 3 

4 (joint venture of four 
European SMEs) 

Aerospace  maintenance services   n/a† 2.5 2 

5 (Europe) Aerospace, 
automotive 
and medical   

development and production 
of plastics       

12 1.2 2 

6 (Europe) Aerospace 
and 
automotive  

plant engineering and 
construction  

117 n/a 3 

7 (Europe) Aerospace technology parts from 
aluminium and titan 

340 68 2 

8 (Europe) Aerospace cabin interiors 36 10 2 

9 (Europe) Aerospace manufacturing of painting 
systems 

5 1 2 

10 (Europe) Aerospace development of reinforced 
elastomers    

120 7.2 3 

11 (Europe) Aerospace 
and medical  

manufacturing of electronic 
parts  

140 30 2 

12 (Europe) Aerospace equipment for ground 
support and testing 

150 16 2 

13 (Autonomous 
European branch of a 
global company) 

Aerospace  logistic services for 
transports in air, sea, land 
(road, railroad)  

16,000 n/a† 2 

14 (Autonomous 
European branch of a 
global company)  

Aerospace 
and 
automotive 
services 

consulting, systems 
engineering, physical 
engineering, testing 

600 58 2 

15 (Europe) Research and 
innovation 

consulting and strategy 
development 

3 0.3 2 

16 (Europe) Aerospace product testing, 
environmental simulation  

15 1.5 3 

17 (European) Aerospace metalworking and surface 
finishing 

63 3.7 2 

† The data supplied in this entry has been designated as unusable. 
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Table A2. List of questions for the identification of benefits and barriers 

1 Sector of your Company: Free Text 

2 Main Products /Main Services: Free Text 

3 Size of your Company Micro Small   Medium 

4 Member of Clusters Free Text 

5 Main Customers Supply 
Chain - 
Level   

SME? 
(Y/N) 

After 
Sales? 
(Y/N) 

6 Main Suppliers and Main Delivery Products/Services Supply 
Chain - 
Level   

SME? 
(Y/N) 

After 
Sales? 
(Y/N) 

SCM-related questions:  

7 What are your top three activities to find customers? Free Text 

8 What are your top three priorities for your business at present? Free Text 

9 What are the main barriers/problems for integration of your 
company in supply chains of your customers (e.g. OEM, 1st tier 
suppliers)? 

Free Text 

10 What are the main impacts of the barriers/problems on your 
business? 

Free Text 

11 Do you partner with other organisations in addressing business 
opportunity and delivering your product or service? 

Free Text 

12 What are your main activities to find partners and organisations 
for collaboration? 

Free Text 

13 What are the main problems does your company have with 
collaboration of SME/organisations in networks? 

Free Text 

14 Which information deficits regarding supply chain management 
(SCM) does your company have? 

Free Text 

15 Which solutions of the mentioned problems in SCM you can 
recommend? 

Free Text 

16 Have you participated in a SME network in the past? 
If YES, which ones:                                              

Free Text 

17 Why has your company decided to participate in a network? Free Text 

18 How your company will decide whether to join a network? Free Text 

19 What are the top three benefits from participating in a SME 
network supported by digital platforms? 

Free Text 

20 What are your comments or recommendations? Free Text 
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Table A3. Overarching themes, barriers, number of corresponding answers, and quotations  

Overarching 
Themes  

Barriers N Representative proof quotations 

Barriers 
impeding 
market 
transparency   

Customer search costs 15 [need to] “attend physical industry trade fairs and presentation 

events to find new customers”  
Partner search costs 14 “networking time is missing” 

Marketing costs 2 [spending required to sustain] “reputation and marketing effort” 
[otherwise, it is] “very difficult to find new customers”  

Lack of knowledge 
about starting new 
relationship in 
Industry 4.0 

1 

“a lack of knowledge [about] how to collaborate in networks and 

Industry 4.0”  

Barriers 
impeding 
access to 
customer 
orders 

SME suppliers unable 
to meet the tender 
requirements 

14 
“the size of our company is too small for very high-volume 

contracts with the OEM”  

Lack of direct access 
to downstream orders 8 

“1st-tier supplier bought some suppliers as subsidiaries and no 

other suppliers have the chance to deliver”; “big customers want 

to have all services from one source”   

Lack of understanding 
of requirements 9 [requirements]: “vague”, “unclear”; [unknown]: “contact person 

at the customer” 

Barriers 
impeding 
partner trust 

Partner opportunism 11 

“competition thinking”; “to find common goals”; ‘some SMEs are 

looking for the “cheap win”: i.e. getting as much out of 

collaboration as possible without providing anything “in 

exchange”’ 

Partner distrust 4 

[there is] “(no) willingness to further develop external ideas [that 
are] not invented by them [and] top management [of other 
companies] disapprove of the idea of collaborating with other 

organisations altogether”; “evaluation of own suppliers can’t be 

done because reluctance of those to deliver the required 

information”; [suppliers mentioned intentions] “to spy for 

solutions of competitors” 

Barriers 
impeding 
contracting 

Restrictive 
contracting practices   11 

[customers’] “unwillingness to change suppliers”;  

[Smaller suppliers] “can’t take part in tenders, if they don’t have a 

contract with OEM”; “long-term contract terms with changing 

business content” 

Partner contracting 
costs 5 

[the existence of] “international different systems for law, taxes 

and patents”; [it takes] “long time to find right regulations”; [and 
to decide about the] “role[s] in the cooperation (Who is the 

contractor?)”;“SME partners want to have own contracts with the 

customer” 

Knowledge protection 
costs 4 

“IP- and knowledge-management in projects [that] disable 

cooperation”; “difficult contracts and different international 

systems for law, taxes and patents”; “problems with intellectual 

property”; “time-consuming non-disclosure agreements” 

Barriers 
impeding data 
sharing and 
coordination 

Costs of data 
interchange with 
customers 

6 
“direct IT-interface to the [OEM] systems” [is limited]; “time-

consuming calibration because of missing knowledge for operating 

devices of customers”. 

Lack of ability to 
utilize partners’ data   7 

“unfit technological delivery specifications”; “missing standards 

and interfaces in communication” “proprietary IT-systems without 

adequate standards for data transfer”; “optimization in 

information flows and communication for structured data 

exchange” 

Cost of lack of 
coordination 30 

“Chinese whispers effects in communication”; “long production 

cycles of suppliers [shift] estimated delivery time and [therefore] 
delivery requirements of customers [are getting] not compatible” 
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