Connecting stakeholders for digitalisation enabled distributed manufacturing in UK: Challenges and Opportunities

Abstract 
As the manufacturing supply chain is undergoing a digital revolution, manufacturers need to adopt digital technologies to remain competitive, but they face multifaceted challenges. This paper has identified various obstacles encountered by multiple stakeholders involved in the digitalisation of manufacturing. This includes an examination of the potential of a digital platform in mitigating these challenges, along with exploring the barriers hindering the widespread adoption of such a platform. Preliminary findings from a combination of qualitative and quantitative methods support the development of a digital platform to link diverse stakeholders, to assist manufacturers and service providers in their digitalization endeavours and to cater to the requirements of local communities. The development of such a platform will require co-creation with stakeholders to address their diverse requirements. 
Introduction
The global manufacturing supply chain has experienced multiple disruptions in recent years, such as natural disasters and geo-political tensions, triggering calls for more localised/regional supply networks. Individual customers can equally face challenges accessing products or getting products repaired, also supporting calls for increased distributed manufacturing (Srai et al., 2016, Srai et al., 2019). 
The digitalisation of manufacturing to improve productivity, enhance resilience and sustainability is a key priority of UK’s Industrial Strategy and the Government has made investments in programmes such as Made Smarter and the High Value Manufacturing and Digital Catapults. But most manufacturers struggle to digitalise their processes due to a lack of clarity about which technologies to adopt and a shortage of skills. 
UK Local Enterprise Partnerships (LEPs) have audited skills gaps in the future workforce and are targeting young people (particularly in deprived areas) to raise expectations and address the skills gap (LLEP, 2022). The payoff for greater digital inclusion in society is compelling: for every £1 invested in digital inclusion, there is an estimated £9.47 return (Centre for Business Economics and Research, 2022).
What is missing in this debate is the role of the wider community, such as members of the public, councils, further education institutions along with manufacturers and digital technology service providers. 
To address the above challenges, this research focuses on community engagement in manufacturing and how a digital community-based manufacturing platform can change public perception about manufacturing, upskill and energise local communities and support manufacturers in their digitalisation journey including the issue of distributed manufacturing.  
The contribution of this developmental paper lies in understanding the perspectives of multiple stakeholders, who play important roles in the digitalisation and distribution of manufacturing but are often overlooked. The project aims to analyse the potential of bringing multiple stakeholders together to enable digitally enabled distributed manufacturing in UK while enhancing employment opportunities in local communities.   
2. Literature review 
2.1 Drivers and barriers for digitalisation of manufacturing 
Adoption of digital technologies facilitates customisation, automation, and operational optimisation, improved resource productivity, flexibility, agility, and better integration and collaboration between decentralised decision-makers (Fatorachian and Kazemi, 2018). But adoption of digital technologies often fails due to a shortage of skilled personnel, resistance to change, a lack of standards and reference architectures, and suppliers' unwillingness to change (Sharma et al., 2023). 
2.2 Distributed and sustainable manufacturing 
Digital manufacturing has the potential to transform supply chain structures, shifting from centralised production models to distributed ones (Holmström and Partanen, 2014), supporting business models focused on economies of scope (Srai et al., 2016). Local institutions can contribute by establishing information hubs or platforms to foster collaborative local manufacturing networks (Shubbak, 2019). Community-based digital fabrication workshops can enhance inclusivity, sustainable consumption, and re-localization of production (Sodeberg, 2013). This decentralized approach can lead to more sustainable production, positively impacting environmental and social performance in supply chains (Rauch et al., 2015). To navigate this shift, manufacturers must develop capabilities to adopt advanced technologies like automation and robotics in distributed manufacturing (Srai et al., 2020; 2016; Kohtala, 2015). Active engagement with local communities and policy interventions are crucial for fostering innovative solutions and democratizing manufacturing.
2.3 Stakeholder theory as underpinning theory
Stakeholders are individuals or groups who can affect, or are affected by, the actions and results of an organization (Freeman, 1984). In the context of digitally enabled distributed manufacturing, the key stakeholders are: education providers who can train/upgrade skills of the current and future workforce; councils and trade associations who can provide opportunities for disadvantaged groups; local community members who are the workforce and digital technology service providers which provide technical expertise and support digitalisation. The normative perspective of stakeholder theory examines why firms should consider their stakeholders. This perspective has been the predominant view in stakeholder theory (Donaldson & Preston, 1995).   In this research, while we take the normative perspective, we also provide early findings about how stakeholders views can be integrated. Brunetti et al. (2020) used a multi-stakeholder approach to identify strategies to overcome digital transformation related challenges.   
 2.4 Gaps from literature review 
There is limited understanding of how different stakeholders can be involved in manufacturing value-addition and how those can address societal issues around skills and employment. Therefore, questions remain about how and the extent to which stakeholders can be integrated into the digitalisation of manufacturing and the societal impact of digitally enabled distributed manufacturing.
3. Research methodology 
3.1 Initial needs survey
A survey was administered to 159 UK engineering, manufacturing, logistics and retail/wholesale organisations. 96% of respondents were SMEs, which is close to the UK SME demographic (UK Government, 2023). The objective of this survey was to understand the current state of digitalisation and associated skills in comparison with organisational needs and ideas of how to improve skills. Through this survey, we could not reach other relevant stakeholders such as county councils, local development authorities, representatives from further education colleges. Semi-structured interviews were conducted to capture their perspectives. 
3.2 Interview with preliminary thematic analysis
Additionally, fifteen in-depth interviews were conducted with manufacturers (4), further education colleges (2), digital technology service providers (4) and councils/business support organisations (5). The interviews were recorded and transcribed. The Gioia approach was used for data analysis, which helps in identifying patterns in the data set (Gioia et al., 2013; Strauss and Corbin, 2015). The first step involved an in-depth analysis and coding of the raw data. From this, first-order categories of codes were identified, which expressed the views of respondents in their own words. In the second step, the links and patterns within the first-order categories were identified. This iterative approach led to the formation of second-order themes that represented theoretically distinct concepts (Sjodin et al., 2019). 
3.3 Workshop with stakeholders
We also organized a workshop with multiple stakeholders (manufacturers, technology service providers, county council and local development authorities, representatives from local further education institutions and community members). The objective of this workshop was to share initial findings from our research and obtain their views and feedback on how views of multiple stakeholders can be integrated to develop a platform and support the digitalization of manufacturing. As our research is ongoing, more workshops are planned in the coming months. 
4. Preliminary Findings and Discussion 
4.1 Initial needs survey results
Survey respondents were asked whether the digital skills in their organisation were below or met their current needs or were at a specialist level. The survey revealed that technical skills were more likely to be below organisational requirements. Whilst not all organisations needed the more specialist skills, of those respondents who lacked specialist skills, systems integration, artificial intelligence, and robotics/process automation were most in current demand, with very few specialist skills in these areas. 
When asked ways in which organisations would seek to improve digital upskilling, 81.7% of respondents felt that a digital platform connecting manufacturers, digital technology service providers, educational institutions and communities would be quite or very useful, and 78.3% felt that community-level facilities where people can learn and practice with digital technologies for real-world applications would be quite or very useful to help to address skills gaps. Figure 1 shows the preferred ways manufacturers have to improve digital skills.

Figure 1: Preferred ways to improve digital skills

4.2 Findings from interviews
4.2.1 Barriers for digitalisation 
The interview findings indicated that primary motivations for manufacturers to digitalise are cost reduction, downtime reduction, staff retention, sustainability and ensuring compliance for sustainability (see selected quotations in appendix 1). However, multiple barriers exist for digitalisation which differ from the perspectives of county councils and FE colleges, manufacturers, and digital technology service providers. 
Interviews with manufacturers revealed that the key barriers to adoption of digitalisation are resistance to change, difficulty in recruiting skilled people and lacking internal capabilities
Resistance to change: Digital technology adoption was perceived as something which will lead to job loss and create additional work. In some cases, despite demonstrating benefits of innovative digital solutions through a pilot project, large scale adoption did not take place as employees raised concern that it will lead to loss of privacy.
Manufacturers also reported difficulty in recruiting skilled people, needed to support digitalisation efforts as they realised negative perception of manufacturing about being a “factory job” still exists, resulting in few local applicants for digital technology/analytics jobs.
Manufacturers also admitted that they lack internal capabilities to understand and analyse data. 
Interviews with the technology service providers revealed that the key barriers to adoption of digitalisation are manufacturers lacking internal capabilities, resistance to change, siloed thinking and inflexibility in procurement and financial processes.
Technology service providers in their interaction with manufacturers while trying to support them in their digitalisation efforts noted that manufacturers lack internal capabilities due to limited digital maturities in their processes, making wrong investments in technologies due to lack of understanding. As an external stakeholder, they also observed resistance to change in the manufacturers due to short-term thinking of the senior management and perception of job loss and duplication of efforts amongst operational level employees and managers. Manufacturers were also reluctant to support systems integration due to cyber security concerns.  Service providers also observed siloed thinking amongst different functions in the manufacturers and inflexibility in procurement and financial processes, which delayed or in some cases derailed digitalisation efforts. 
Training providers such as further education colleges also shared their own barriers. They realised that there is a disconnect between the needs of manufacturers and training providers in digital skills training provision. Training providers are not able to react quickly enough to the changes in skills needed by the manufacturing sector. Whilst individual training providers often have little power to impact this, as they must follow national curricula, clearly there needs to be a more coordinated approach to highlight skills gaps and react more quickly to address those. Support from the manufacturers and technology service providers will be needed for that purpose. They also recognised that their students may not be aware of all the manufacturing related opportunities, which may exist in the region. There are also funding issues in the training sector which inhibit their ability to provide better support for digital skills – the Further Education (FE) sector has seen real-terms cuts in funding over recent years (Institute for Fiscal Studies, 2022): a potential solution could be if manufacturers were able to support staff training and equipment.
There has been some work done to pinpoint skills gaps at local levels in recent years. The Local Skills Improvement Plans (LSIPs), cornerstones of the UK Government’s plan for transforming the technical skills needed by employers were the result of consultation with local employers, training providers and local stakeholders around the skills needed by employers locally in 38 areas of the country (Department for Education, 2023). The councils interviewed felt there was a need for more ‘grass roots’ digital skills (Level 2 and above), as well as the higher-level Advanced Manufacturing digital skills. There should be a better understanding and connection between career paths and the requirements of the market and the labour market skill level available.
One potential solution to these challenges and mismatches of expectations is to create a platform through which the various stakeholders can communicate their needs and co-create solutions.
4.2 Potential and challenges associated with connecting stakeholders through a digital platform.  
A digital platform connecting multiple stakeholders to support manufacturing digitalisation and the needs of local communities was recognised as a potential approach. Service providers are keen to join a platform to have the opportunity to network, share experiences, create relationships, and develop business opportunities as well as for the opportunity it may provide to improve lives of the disadvantaged communities by providing access to skills and potential employment related to digitalisation of manufacturing. 
4.2.1 Ideas for stakeholder engagement for digitalisation of manufacturing 
The interviews and the workshop helped in identifying potential mechanisms for community engagement through a digital platform to support distributed manufacturing in UK.    

Implementation of distributed manufacturing enabled by the platform.
Needs to repair and produce generic parts for household products can potentially be fulfilled using a distributed manufacturing network involving the FE college students, who can travel within local communities on a mobile factory on specific days of the week. The platform can be used to plan and manage such activities. It could play a key role in improving the skills of students, meeting the needs of the community, thereby improving their perception about the digital capabilities of manufacturing.       
Engagement of manufacturers and digital technology service providers with local schools 
Multiple forms of engagement with local schools were suggested such as promoting manufacturing through events in schools, factory visits and demonstrations in class for teachers. There were also suggestions for providing schoolteachers with industrial exposure through visits and CPD training and running coding clubs/similar through collaboration between businesses and schools. 
Engagement of manufacturers with local FE colleges
Similar engagement with FE colleges involves industry support in delivering the courses, in providing equipment, co-developing new courses based on industry needs and bringing digitalisation to core disciplines of science and engineering.
Involving parents as key stakeholders 
It was also felt that parents should be considered as key stakeholders, and they should be made aware of the current and future trends and what will be relevant for industry and job seekers and future workforce through outreach events. There could also be awareness building for availability of digitalisation related jobs in manufacturing, and skills needed for such jobs, which parents can inform their children about.
Support manufacturers and technology service providers with upskilling and business cases
Manufacturers should be supported by connecting them with technology service providers with specific capabilities, creating business cases and clarifying benefits through the platform, in sharing apprenticeship opportunities and by supporting reskilling and upskilling of existing employees on digital technologies.

The platform can be an enabler for supporting the above activities not only by connecting the different stakeholders and by planning and executing the activities.
But the interviews also revealed that there can be potential barriers to the adoption of the digital platform too.
Discussion, conclusion and future work 
This work identified challenges faced by multiple stakeholders in the digitalisation of manufacturing, and the potential to address these challenges through a digital platform. 
The findings show that digitalisation efforts of manufacturers will require 1) knowledge of stakeholders and their demands (Maignan & Ferrell, 2004) i.e. what the local schools and FE colleges, service providers and county councils expect of them and how they can address some of those needs to support their own digitalisation efforts, 2) mechanisms to facilitate interaction among stakeholders and the firm (Payne & Calton, 2004) such as through a digital platform and face-to-face interactions, and 3) making decisions that account for stakeholders’ demands (Altman & Petkus, 1994) such as supporting schools and FE colleges.
In the next phase of this research, we will synthesize these findings to develop the requirements for developing a platform to integrate stakeholders and co-create the final design of the platform through stakeholder workshops. 
There is a need to assess the impact of multi-stakeholder engagement through the platform in terms of outcomes for each stakeholder and any unintended consequence, if any.  
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Appendix 1:  First and second order codes with selected quotes
	First order codes
	Second order codes
	Quote from interviewees

	Perception of job loss 
	Resistance to change
	"Massive budgetary pressures mean fewer resources for delivering support to businesses, which can impact employment."
[Council1]
"When I first went down and said to the lads the panic that set into the guys was 'we're going to lose our jobs'." [Digital technology provider 1]
"People have panicked and they’ve tried to do like a detrimental act or break something on the machine. So .. it doesn’t do what it’s supposed to just because they were fearful for their jobs." [Digital technology provider 1] 
"People are still very scared. They react as if it’s a new thing but it’s not. It’s just the application of technology in a different method." [Digital technology provider 1]

	Perception of creating additional work
	
	"Manufacturing haven't changed since...there's still some Tier 1 suppliers and Tier 2 suppliers still working off Excel not using an MRP solution because it's a fear. It's the fear of change." [Manufacturer 1]
“Some manufacturers believe that they can go and buy 10 ton of biofuel for £120.00, and they will be carbon neutral and don't have to change operating process and adopt technology, which will require additional work.[Digital technology provider 4] 

	Lack of adoption in scale due to privacy concerns
	
	"So sometimes they will not prioritize looking at this at these areas. So, I'd say that that's probably the biggest barrier in many ways to successfully defending these companies is they simply don't see it as a priority until such time that they get attacked." [Digital technology provider 2]
“you know,  you have a fantastic idea, and you can prove this works, but then you don't get that that sponsorship and that take up and that, you know, widespread adoption of that crossing that Valley is very hard. And we've seen it a number of times in work. I've been involved and we're going to go, why is this not being adopted more widely and then we found people on the shop floor thinks that the camera is infringing their privacy even though it is supposed to track safety issues.”- [Manufacturer 4]

	Reluctant to support systems integration due to cyber security concerns
	
	"Manufacturing  tends to rely on somewhat outdated equipment very outdated operating systems and software and that can present unique challenges particularly in cyber security." [Digital Technology provider 2]
"We would typically be working with those companies to review what they have, and, in some cases, we'd be looking to verify for third parties that they had got the correct and secure processes in place." [Digital technology provider 2]

	Perception of a “factory job”
	Difficulty in recruiting skilled people
	"For the advanced manufacturing sector, a lot of challenges are around recruitment and retention … because they're not only struggling to recruit because youngsters are not finding it an attractive industry anymore, and they're also losing them to green skills and the transition to green energy"​. [Manufacturer 1]

	Few local applicants for digital/analytics jobs
	
	"My concern now is that within communities such as [ours] we're always behind the curve and consequently as businesses in urban centres are grappling with the opportunities presented by AI and VR and so on, the communities and businesses of [our area] are going to fall technologically behind their urban-based neighbours." [Business Support Organisation 1]
“ We opened up positions for business analytics jobs but sadly very few applicants were from the local region”-[ Manufacturer 3]   

	Lack capabilities to understand and analyse data
	Lacking internal capabilities
	"Many manufacturers do not have capability to understand and analyse data." [Business Support Organisation 4]

	Limited digital maturity
	
	“Yes, we all use online tools, and those tools are constantly changing, and we all have to be keeping continually upgrading our skills”. [Business Support Organisation 2]

	Making wrong investment in technology due to lack of understanding
	
	“So, we have the machine all built up here ready to be picked up and dropped into the container down there and then the company director went and bought a piece of equipment without doing any research. And he realised this piece of equipment was supposed to do like a wash plant. Didn't realise that he couldn't put the wastewater straight in the River Tees. He needed a treatment plant which was £110,000. He didn't have the money for.”- [Digital technology provider 1]

	Different functions within an organisation with different views on benefits and challenges associated with digital transformation
	Siloed thinking between different functions
	"We saw more of that over the pandemic where people were more likely to work together. But it's very transactional now again where people you know [are] very insular, and  you know want to move forward as an organization by themselves."​ [Business Support Organisation 3]

	Some functions do not think sustainability related measures should be considered for digital technology investment
	
	"It fits into the bigger piece around supply chain transparency and supply chain cooperation, collaboration, communication...risk of causing pollution, risk of being prosecuted, reputational risk, financial risk etc. But they still do not have sustainability related measures in their organisation"  [Digital technology provider 4]

	
	Inflexibility in procurement and financial processes
	“Manufacturers are not keen to pay us through direct-debit even if they pay licenses for big software companies using direct-debit. That breaks the conversation for small companies like us even if manufacturers show interest in our solutions.”- Digital Technology provider 4 

	Promoting manufacturing through events in schools
	Engagement of manufacturers and digital technology service providers with local schools
	"If we can work smarter together and we're trying to get industry to support with a bit of coming in and doing master classes for example and again not just for the students but for the staff as well because some of them will have been out of industry for a while. And they need that upskilling as well"​. [Manufacturer 1]

	Arranging  factory visits for students and teachers
	
	"Teachers should be brought for industry visits and observe practices there so that they can contextualise the subjects they teach... Teachers are not in schools for 12 weeks. At least part of this time can be used for such industrial training of teachers." Business Support Organisation 4]

	Running coding clubs in collaboration between businesses and schools
	
	"I myself attended coding clubs when I was a student, and I would like to organise such clubs from our company with local school”- [Manufacturer 3]

	Demonstrations in class for teachers
	
	"Teachers should be brought for industry visits and observe practices there so that they can contextualise the subjects they teach for example maths and science to tell students about how those are used in the industry." [Business Support Organisation 4]

	Industry support in delivering courses
	Engagement of manufacturers with local FE colleges

	"Need to show current and future trends and what will be relevant for industry and job seekers and future workforce through outreach events." [Business Support Organisation 4]

	Industry support in providing equipment

	
	"FE colleges do not have enough people to teach particularly the digital skills due to lucrative job opportunity in the industry." [Business Support Organisation 4]

	Co-developing new courses based on industry needs
	
	“So, they're extremely generous in terms of offering their time and visits and we have a whole curriculum that's geared around industry projects." [Education provider 1]

	Bringing digitalisation to core disciplines of science and engineering 

	
	"We need to educate the upcoming next generation, so they understand the old skills, but they understand how to apply the technology to make the old schools better." [Technology provider 1]

	Awareness building outreach events for parents about future trends in the industry, skill requirements and job prospects
	Involving parents as key stakeholders
	"But sometimes it is more.. effective to involve the parents in the whole process so that there can be a little long-term vision of the skill improvement in the community, right?"​ [Education Provider 1]

	Connecting manufacturers with technology service providers with specific capabilities
	Support manufacturers and technology service providers with upskilling and business cases

	"The key thing in all of this is having all the different stakeholders working collaboratively together to deliver solutions." [Business Support Organisation 1]

	Creating business cases
	
	“The platform can support in creating business cases/clarifying  benefits of technology adoption” [ Manufacturer 3]

	Sharing apprenticeship opportunities
	
	"A lot of our young people want to go into an apprenticeship pathway. That's great.” [Education Provider 1]
"Taking on interns or apprentices is the best option available to us and we are immensely grateful for that because it does mean we can then bring additional resources into the business and develop that talent in a way that we can actually afford and manage as a startup business. " [Digital technology provider 3]
“As a manufacturer, we would like to make local community know about the apprenticeships and the platform should support in posting apprenticeship information on the portal to directly reach all schools/sixth forms” [Manufacturer 3]

	Support reskilling and upskilling on digital technologies
	
	"We champion and campaign for digital connectivity across [our area] because we are poorly served by the digital infrastructure of the UK. However, we also campaign around skills and digital skills for business community." [Business Support Organisation 1]



Preferred ways to improve digital skills - all respondents

Not useful	Face to face training in schools/colleges/workplaces	Online training for individuals	Online training for groups	A digital platform connecting manufacturers, digital technology service providers, educational institutions.	Community level facilities where people can learn and practice with digital technologies for real-world applications.	Embedding digital technologies within the curriculum for secondary school and professional education.	Regular sessions by technology ambassadors from industries as part of school education.	7	7	31	24	28	7	7	Quite useful	Face to face training in schools/colleges/workplaces	Online training for individuals	Online training for groups	A digital platform connecting manufacturers, digital technology service providers, educational institutions.	Community level facilities where people can learn and practice with digital technologies for real-world applications.	Embedding digital technologies within the curriculum for secondary school and professional education.	Regular sessions by technology ambassadors from industries as part of school education.	55	86	76	79	77	49	68	Very useful	Face to face training in schools/colleges/workplaces	Online training for individuals	Online training for groups	A digital platform connecting manufacturers, digital technology service providers, educational institutions.	Community level facilities where people can learn and practice with digital technologies for real-world applications.	Embedding digital technologies within the curriculum for secondary school and professional education.	Regular sessions by technology ambassadors from industries as part of school education.	69	39	23	28	24	74	57	
No. of responses




2

