Fostering digital literacy among Small and Micro Enterprises: Digital transformation as an open and guided innovation process
Abstract
A rich body of literature reflected on the advantages digital transformation (DT) brings to micro- and small- sized enterprises (MSMEs).  Nonetheless, the adoption of new technologies by small organisations may be hindered by their lack of resources and knowledge (liability of smallness). The study is based on an action-research analytical strategy. It investigates how the resistances of MSMEs to digitalisation processes might be overcome by open innovation and Design-thinking techniques, by collecting data on 74 small Italian firms that took part in a national policy initiative aimed at increasing the adoption of Industry 4.0 solutions. We conducted five in-depth case studies to capture the factors that might facilitate the digitisation process in SMEs. The paper discusses and highlights how training and networking initiatives can increase MSMEs’ digital literacy and guide them to strategically adopt new technological solutions. Our results contribute to the current debate about MSMEs digital transformation, as well as that on policy making highlighting specific enablers (and barriers).
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Introduction
Digital technologies had widespread impacts on operations and business models in several industries. Experts and industry voices often correlate the use of these tools with positive competitive results and improved economic performance. Nonetheless, the actual incorporation of digital tools in the processes and strategies of firms, given their heterogeneity, is complex and might frustrate entrepreneurs and managers. The potential of digital instruments is pretty straightforward to grasp. The intricacies and frustrations lie in managing the process of digital transformation (DT), that is «a [complex] socioeconomic change across individuals, organisations, ecosystems, and societies» (Dąbrowska et al., 2022).
Understanding the reasons that slow down digital transformation became relevant to academic research and policymaking (Reischauer, 2018; Raj et al., 2020; Dalenogare et al., 2018). Micro, small and medium-sized enterprises (MSMEs) in particular, are often recalcitrant in approaching and deploying digital technologies and in devising novel strategic approaches that exploit their potential in terms of business model innovation (Rummel et al., 2021). MSMEs’ delay preoccupies practitioners and policy makers, given their sheer weight in many advanced economies and their contribution to employment.
Understanding the reasons behind MSMEs’ delay in DT is crucial in countries such as Italy, whose gap from the average of the European Union poses significant competitive threats to its economic fabric based on micro and small firms in medium- and low- tech sectors. According to the Digital Economy and Society Index (European Commission, 2022[footnoteRef:1]), Italy ranks 18th (49.3) out of the 28 EU Members, faring below the EU average (52.3). Eighty per cent of Italian SMEs lag in taking advantage of digital solutions to improve their processes and exploit the opportunities offered by e-commerce, despite decisive policy-making push in the past few years. Figures about the use of Internet services, data on the interaction with IT specialists, and statistics on the diffusion of fast broadband and cloud computing services show a general delay relative to other countries and with policy-makers’ enthusiastic perspectives. Data from the National Institute of Statistics (Istat, 2019) confirm that Italian firms are lagging when digitisation is concerned: only 3% have completed the processes of DT. These firms are mainly medium-to-large-sized firms that account for relevant shares of added value (25%) and employees (13%); however, the national economy relies on small and micro-firms. in general, less than 50% of these applied for innovation funds supporting DT in 2019 (Istat, 2019). [1:   https://digital-strategy.ec.europa.eu/en/policies/countries-digitisation-performance.
] 

Our paper deals with DT and attempts to shed light on the resistances and difficulties of MSMEs in adopting digital technologies. Based on a participatory research design, the study aims to frame the process of digital technologies adoption as a learning process that entails concurrent transformations within the firm. Based on our analysis of this learning process and of the resistances of firms in action, we aim to provide potential avenues for effective policy-making. Our investigation of the determinants and motives behind MSMEs delay draws on extensive rich data from semi-structured interviews with 74 micro- and small-size manufacturing and service firms in the North East of Italy, in the provinces of Venice and Rovigo. Firms involved in the study took part in a publicly funded initiative launched at the national level and managed by the local chamber of commerce. The measure, Punto Impresa Digitale (Digital enterprise point, PID henceforward), aimed at assisting MSMEs digitalisation. Selected firms showed a remarkable variability in terms of digital maturity (see table 1). The article then presents the results of the project and of the concurrent study, an action-research initiative conducted by the university in partnership with the local Chamber of commerce.
TABLE 1. Project actors details

	internal actors
	external actors

	University
2 senior computer science researchers 
3 senior management researchers 
10 digital promoters (computer science)
10 digital promoters (management)


	74 MSMEs 

	
	size:  micro 47%; small 41%; medium 12%

	
	average: 2.31 employees

	
	Industry: Manufacturing (24%); Merchant Wholesalers (15%); Professional, Scientific, and Technical Services (12%); Service-Providing Industries (11%); Information (8%); Arts, Entertainment, and Recreation (7%); Constructions (4%); Accommodation and Food Services (4%); Agriculture, Forestry, Fishing and Hunting (4%); Others (7%)

	
	Family firms: 100%

	
	Turnover: from 500.000 to 1 Mln € (42%); from 1 to 5Mln €  (30%); from 5 to 10 Mln €  (7%); more than 10Mln €  (10%)

	
	B2C: 41 %;  B2B: 59%

	Chamber of commerce
2 project managers
3 members 
	Digital maturity: beginner (16%); apprentices (32%); specialist (28%); experts (12%); champions (11%)



We find evidence of the importance of open innovation processes as a means to counterbalance the obvious constraints these firms experiment as a result of size and resource scarcity. Then, we provide depth and details on how guidance by experts belonging to different organisations helps small organisations and their leaders embark in the DT process. Specifically, we show how this guidance helps them overcome the hidden costs and “blind spots” in an organisation’s strategic analyses (Prahalad and Bettis, 1986). Finally, we identify specific enablers (and barriers) that accelerate (or obstacle) the advancement of the process of adopting digital technologies, with the aim of informing effective policy initiatives to foster MSMEs digitalisation. 
 Theoretical background
1.1 Digital transformation in MSMEs: obstacles 
In the last two decades, a diverse set of novel and powerful digital technologies, platforms, and infrastructures has emerged and is poised to transform innovation and management in significant ways (Nambisan, 2017; Nambisan et al., 2017; Yoo et al., 2010). The label digital transformation has come into wide use in contemporary business media to denote the transformational or disruptive implications of digital technologies for businesses (new business models, new types of products/services, new types of customer experiences) (e.g. Boutetiere et al., 2018); more broadly, it indicates how existing companies need to transform their operational logics and their strategic approaches to succeed in the emerging digital world (e.g., McAfee and Brynjolfsson, 2017; Rogers, 2016; Venkataraman, 2017). 
Recent studies have addressed the managerial repercussions of the use of such technologies in extant organisations (Liao et al., 2017). In particular, Bauer et al. (2016) identify several impacts ranging from the increase in productivity, the rise in product quality and process efficiency, superior flexibility, reduction of time-to-market, increased environmental sustainability, and a profound impact on business models (Chesbrough, 2010; Raj et al. 2020). One of the expected impacts of DT is the increase in servitization strategies implemented by firms (Rymaszewska et al., 2017): given the abundance of data and information generated within the value chain and the data generated by users, firms can compete by “augmenting” their products with services that are fed by–and that generate–flows of data that create benefits for users. For example, advanced sensors allow firms to produce smart and connected products that are expected to increase the value generated in user experiences (remote assistance, predictive maintenance, data production) (Porter & Heppelmann, 2014; 2015). 
Despite the recognised benefits deriving from a well executed DT, it is unclear how MSMEs can transition fruitfully to digitally enabled business models, given their significant resource constraints. Several streams of literature focused their gaze on single technologies (E-Commerce, cloud systems, Erp, knowledge management), providing scholars with a diverse and multifaceted view on the resistances to IT in small and micro-firms. While rich, such a compartmentalisation of research on the factors underlying MSMEs’ digital delay might overcomplicate the path to a correct understanding of the vagaries of DT in these firms and might make it difficult to devise effective interventions. Some authors, in fact, suggest that MSMEs, in fact, might not be as discriminative when facing technologies: they rather resist “digital technologies” at large because of a perceived irreducibility of their functioning with organisational logics that are peculiar to smaller organisations (Horvath and Szabo 2019). Other studies noted that the main challenge for SMEs is to acknowledge, select and choose which technology to invest in (Ahn et al., 2015) to minimise the risk of their investments and maximise future revenues: unable to be so granular in their analyses and assessments for lack of resources, time and competences, SMEs often resist digitally enabled change altogether (Spithoven, 2013).
Although fragmented, this literature pivots around some recurring obstacles. Resource scarcity, intended as a lack of skills and financial resources to sustain prolonged strategic and organisational reconfigurations, is among the most mentioned (Coleman et al., 2016). Then, the specific logics and culture of MSMEs might play a role: these firms are often “domain specialists” focusing on the essential operations of developing and manufacturing discrete products. They lack skills to manage explicitly and strategically infrastructural themes such as IT and are less aware than larger firms of new trends and transformations (Vakulenko, 2021). MSMEs face mismatches in the search for specialised skills in the labour market since large and more structured firms signal better and thus attract, their propensity to invest in new technological advancements (for a synthesis of the literature addressing the gaps, Coleman et al., 2016).
Gabrielli and Balboni (2010) suggested that the more entrepreneurs, managers, and employees are familiar with digital technologies at large, the more they are prone to adopt them in organisational contexts. Other factors lying outside the firms influence MSMEs’ delay in digital maturation. For instance, small and micro-firms make decisions based on biases such as herding and they adopt very simple heuristics to cut short decision-making processes: mimicking what the others (e.g. competitors) are doing moving from the assumption that a widespread behaviour must be good, is one of these occasions (Karjaluoto and Huhtamaki 2010). Signals given within organisations are crucial in giving the whole firm momentum and in creating widespread commitment towards investments in digital tools and in the subsequent change in how firms operate (Bharadwaj and Soni 2007).

1.2 Policies sustaining MSMEs’ digital transformation 
Several policy initiatives tried to stimulate and sustain SMEs’ adoption of digital solutions and tools. National governments launched large scale digitalisation investment programs all over Europe since the early 2000s, accelerating them in the last 10 years as a result of the emergence of Industry 4.0'. Germany was among the first countries in Europe to adopt a full-fledged strategy for the diffusion of advanced digital solutions (industry 4.0) in its manufacturing sector. Since 2010, in the context of the action plan “High-tech strategy”, Germany identified Industry 4.0 as a series of policy initiatives aimed at favouring the implementation of novel strategies based on the exploitation of the “industrial internet” (Reischauer, 2018). In 2013, following the elaboration of the strategy, a network (Plattform Industrie 4.0) was established among 300 players from organisations comprising research centres, universities, industry associations, firms, to co-operate on efforts aimed at forecasting, diffusing best practices, developing collaborative research and development projects. 
The German framework soon became a template used by other countries to inform their national strategies aimed at fostering the DT of their firms and economies. France, Italy, and other countries adopted similar sets of initiatives. In Italy, a strong emphasis characterised the national Plan Industria (later Impresa) 4.0 on financial measures to trigger firms’ investments in industry 4.0 technologies. The plan placed a strong emphasis on hyper-depreciation and super-depreciation schemes, according to which the depreciation rates for Industry 4.0 investments increased to 250% (vis-à-vis the previous 140%). The government designed tax credit for research and development and innovation expenditures aimed at favouring firms’ investments into R&D activities supposed to kick start SMEs’ adoption of digital technologies. However, the National Institute of Statistics (Istat, 2019) reports that only 3% of Italian firms have completed the processes of DT, and less than 50% of Italian SMEs have applied for innovation funds aimed at DT. Small European businesses are slow to change and adopt new advanced digital technologies. 
Method
2.1 Research Design 
The study was part of a project financed by the Italian government and the local Chamber of commerce (Venezia and Rovigo, Coc henceforward) aimed at mentoring MSMEs in the DT process. Our research/action group, composed of 25 people, (details in table 1), was involved in the project both to support in analyses and data collection–to understand the specificities of firms’ approaches towards IT–and to mentor and train entrepreneurs and managers. We designed the project as an action research (AR) to address the twin tasks of provoking change in organisations and generating robust, actionable knowledge (Lusher & Lewis, 2008). AR is an evolving process that is undertaken in a spirit of collaboration and co-inquiry, wherein research occurs through the collaboration between members of a social system, rather than on or for them (Coghlan & Shani, 2018; Shani & Pasmore, 1985). AR based on a rigorous research process, allows to co-create value and bridge knowledge between research and practice aiming for capability building (Guertler et al., 2020).
We planned an 8-month co-creation process aimed at promoting DT as an opportunity for MSMEs to explore and test new methods, approaches, and techniques different from their usual procedures. Our action research protocol included 2 cycles. The first cycle aimed to analyse and frame the problems MSMEs faced in relation to DT. Starting from the assumption that MSMEs can leverage their external networks (Mittal et al., 2018; Bourke and Roper, 2019) to increase their awareness of the benefits and challenges of new technologies and gain useful knowledge, we intervened to diffuse the knowledge of new technologies among participant firms and to gain insights and feedback from them, working on reducing hidden costs. During the second cycle, after we analysed the outcomes and data of the first cycle, we focused on the most critical topics as perceived by the participants and developed co-design workshops. The workshops aimed at fostering the collaborative definition of a potential project of digitalisation of a process/function in firms. They followed a design thinking approach: five selected MSMEs explored, together with the project staff, in-depth complex socio-technical innovation systems, their potential and the problems they might engender in the selected firms. At the end of this cycle, we communicated and presented the results of the projects to the firms through networking events and customised reports. 
As AR is a cyclical inquiry process, with dialogue at the core (Ottosson, 2003), where data shifts because of actors’ interventions (Ollila & Yström, 2020), we selected this participatory approach to empower institutions and MSMEs and develop their capacities. Put it differently, the main aim of the project, beyond generating data for a publishable study, was to help the Coc and firms to master problem-setting and problem-solving tools and to be aware of design tools and approaches to be employed in a variety of occasions.
We took an active role in the project. Two of us were scientific coordinators of the project, a third one was the leader of the co-design and facilitating team. Our interventions during the workshops, and the ensuing reactions and interactions, allowed us to generate rich insights and to grasp subtle emergent themes and social dynamics underlying the interaction. Being there, we captured and recorded actors’ ways of reasoning (perceptions and interpretations of actors), behaviours, and emotions.
Despite being aware of the trade-offs between objectivity and subjectivity (Chang, 2016), we devised enough measures to distance ourselves and make time away from the field. We avoided being too self-indulgent (Denzin, 1990)thanks to several choices. First, one author contributed to the design of the research protocol and was active in interpreting empirical evidence, but she did not engage in the practical activities of the initiative. She was distant from the field and ensured a non-biased interpretation of the data. Second, we discussed the interpretations of the empirical material with the larger group of project mentors and staff. Feedback and criticism from the larger group caused a continuous deconstruction and reconstruction of narratives and a recurring triangulation of the empirical evidence. None of the other members of the team was involved in the writing project nor shared our publishing aims. Thus, they ensured a non-biased, non-interested interaction with our interpretations. Third, we collected in real time a vast amount of notes into a shared folder fed by the entire group. This depth and breadth of raw material from different sources and voices ensured a triangulation between “their” perceptions and the ex-post reconstruction of the entire team.
The Coc opened a call for aspiring candidate firms in December 2018. The final group comprised representatives from 74 micro and small firms in northeast Italy (details on Table 1)
Data collection 
The AR initiative ran from January to August 2019 (Fig 1), following a research protocol (table 2) based on the relevant literature (Lewin, 1946). 



Figure 1: Project Timeline 
[image: ]
During the first cycle, the 74 MSMEs filled out a first self-evaluation questionnaire aimed at measuring their digital maturity. The tool results from the effort of the national network of Chambers of Commerce to have a national standard data collection tool to measure the technologies bought and deployed by MSMEs. In January 2019, we interviewed the key representatives of firms (CEOs, COOs, and CTOs) and visited most of the firms’ headquarters to collect further information on their self assessments and on their technological endowment.
Table 2. Action research protocol details

	Cycle 1
	Phase 1 & 2: analysing and framing - and planning
	December 2018 - January 2019: digital promoters were divided into five teams (mixed background) and worked with  7/8 MSMEs to fully assess their digital maturity. 

	
	Phase 3: executing on action
	February - March 2019: all MSMEs participated in a 2-day hands-on training around technology 4.0. Then, the digital promoters visited each MSME to gain a deeper understanding of the digitalisation status but also an assessing of resources, organisation, and strategy

	
	Phase4: reflecting and learning
	April - June 2019: the teams met with each of the assigned MSMEs to re-evaluate together the initial self-assessment, considering the learning process (action on digital literacy)

	Cycle 2
	Phase 1 & 2: analysis & planning
	This phase culminates in June with the selection of five MSMEs, one per group, that was involved in a tailor-made co-creation workshop focusing on the main challenge.

	
	Phase 3: executing on action
	We ran the 5 tailor-made co-creation workshops

	
	Phase 4: communicating and pivoting
	July: each group proposed an actionable DT roadmap indicating the different steps, based on a deeper understanding of each scenario/situation. 




In March 2019, all MSMEs attended the training on 4.0 technologies and tools. The project team observed the interaction amongst participants both when involved in formal activities and when relaxing during informal breaks. What we aimed for was to recognise emerging patterns of networking, leading figures, insights on how the group’s perception of technologies evolved. From April to June, the teams met with each of the assigned MSMEs to re-evaluate together the initial self-assessment and to take stock of the updated awareness of the potential of industry 4.0 technologies and eventual envisioned strategies. During this second assessment, we explored how firms’ perceptions and interpretations of digital tools were changing because of the participation in the initiative. We performed 20 in-depth interviews with product managers, technology managers, and designers. In June, the teams and the MSMEs co-identified the technologies that might be strategic priorities for each firm (6 meetings).
During the second cycle, we focused on collecting data related to the co-creation workshops created for five selected MSMEs. As suggested by Guertler et al. (2020), we selected  5 MSMEs to maximise the diversity of informative contexts while avoiding the multiplication of settings. Differences in terms of size, industry, age of the firm, ownership, geography were the main criteria we used to select for variety. We stopped when no other firm presented other sources of variety. According to Yin (2009), case selection was also based on companies’ willingness to provide data and collaborate with the research team. This choice allowed us to collect and compare grounded empirical information on the challenges faced by the 5 MSMEs. (Du et al., 2014; van de Vrande et al., 2009).
Beside the data, we analysed observation notes and the outputs from each session (4/5 concepts per session). Morevore we triangulated all data with 10 interviews with the internal team members to better understand their perspectives and with other documents, such as internal strategy plans. Attending several events organised by the Coc provided additional information.  
Data analysis
The teams designed, implemented, and adjusted the different phases of the AR protocols, as suggested by Guertler et al. (2020). We scrutinised the overall project adopting an inductive approach, and we moved back and forth between data and theory. Our analysis begun by reading our notes and arranging the events into coherent narratives, with the support of the interviews and the other empirical materials collected.
Then, following the temporal organisation (fig.1), we coded the interviews with the MSMEs’ managers and we generated first-order categories, to structure the huge amount of empirical data. Two of the authors coded the evidence, in line with established practices in qualitative research (Miles & Huberman, 1994)aimed at creating structured evidence from fuzzy and voluminous set of data (Gioia et al., 2013; Guertler et al., 2020; Strauss & Corbin, 1997).
In the second-order analysis, we grouped the first-order categories into three aggregated themes that applied to our main research question. These themes were inertia, tunnel vision, and conflicts (Table 4). We then compared the first AR cycle with the second one to appreciate the impact of our intervention and explore the progression of the MSMEs’ digital transformation  (Langley et al., 2013) as illustrated in table 5. We complemented observational data with interview transcripts in order to enrich, reinforce and triangulate our emerging theoretical interpretations. We resorted to internal documents (reports and presentations) to increase our general understanding. Table 3 summarises our data sources and their use in our data analysis. 

Table 3: Data sources and analytical use                                                  
	Data Source & research phase
	Data Type
	Analytical Use

	Questionnaires
(cycle1)
	74 self-assessment (SELFI4.0)
	Point of departure: data on MSMEs digital readiness

	
	58 detailed assessments on digital capabilities, filled in with the help of mentors (ZOOM4.0)
	Collecting key evidence for each contest, discrete information on digital solutions employed by the assessed firm

	 
	Additional descriptive (demographic and general) data on the 58 MSMEs
	Appreciation of differences related to sectors, size, and resources 

	Interviews
(cycle1 & 2)
	cycle 1- Semi-structured interviews (58) - face-to-face with the owners/CEOs of each firm. Each lasted approx. two hours - 96 hours (audio)
	Understanding the degree of involvement of the firm in a process of digital transformation (or lack thereof).
Grasping the understanding and the framing of discrete technologies by each firm.
Collecting qualitative information about each context and the clients (and partners) of each firm..

	 
	cycle 1 & 2 - Internal meetings with the team project team (6). 3-hour meetings  
	Organised to verify and gather feedback on data, interpretations, and themes emerging from the authors’ coding (iterative process).

	 
	Cycle 2-  Semi-structured interviews with the 5 MSMEs (CEOs) selected to take part in the co-creation/piloting workshop (171 transcribed pages)
	In-depth, qualitative analysis to trace back the fundamental categories explaining firms’ approach to DT and digital technologies and monitor the whole process accomplished by the selected MSMEs since the beginning.

	Workshop co-creation outputs
(cycle 2)
	5  co-design sessions aimed at piloting the potential transformation of processes and strategies as a result of DT. 
4/ 5 concepts per session.
	Analysis of the outcomes. Triangulation of contest information

	Reports
(cycle 2)
	58 structured reports to firms
	Data Triangulation with contextual information. All reports were presented to the MSMEs to gather feedback on the proposed solutions.



Findings
Digital transformation as an evolutionary process
First cycle: exposing fears and increasing awareness 
The first cycle comprised setting up DT challenges aimed at creating networks among representatives of different firms and, most of all, fostering a collaborative effort in framing the implications of introducing new technologies within their organisations (for further protocol details see table 2). In particular, the project team aimed at providing participants with basic knowledge of Industry 4.0 technologies and igniting a collaborative exploration of the organisational, strategic and operational implications of selected technologies and solutions. 
Participants from different firms worked together as if they were an innovation team within an imaginary firm. Their task was to answer questions related to “how can we take advantage of technology/solution x within the company?” and design a business model at the end of the process. The preliminary iterations of the process made one fact explicit: MSME representatives were referring to the specificities of their firms and of their daily routines. Beyond finding it difficult to translate their lines of reasoning to an invented company, they could not consider the larger implications of digital technologies, and insisted on considering the immediate repercussions of a digital solution in a discrete process. In the interactions, and based on our preliminary interviews, what became clear was the lack of dedicated resources for digital transformation and for a strategic way of framing digital technologies in companies. As suggested by Coleman (2016), we found MSMEs stuck in their daily duties and that had organisational consequences that might be counterproductive. In particular, the same human resources involved in operational or administrative tasks had the responsibility to evaluate technological upgrades. These, captured in their daily work, had no time to learn about the larger consequences of the introduction of new technologies: they rather had, and expressed in the workshops, a very limited knowledge of what solutions could do and what they might provoke in organisations and strategies.
Discussions on the challenges launched by the project team allowed participants to express concerns and considerations about how their firms managed DT. Skills and competences were the main point of attention by participants: from the interactions we observed, what emerged was a situation in which firms’ internal capabilities were uniform, traditional, and nurtured via processes of mentoring by older employees benefitting new ones.  As one of the participant stated: “Internally, we have all the skills and knowledge we need to support every single client and some of our clients still use the same machines for more than twenty years”
The more we delved in the discussions, though, the more elements emerged: the vast majority of these firms were assuming that technologies should adapt to their “way” of doing business rather than the other way around. As one of the manger expressed: "I participated in the national policy initiative, thinking precisely about how to digitalize my own assembly production lines, but now I am seeing also other possibilities” 
On the other hand, we observed that many of them were facing a generational turnover and because of that, owners were afraid of potential conflicting perspectives and interests emerging as a result of the hiring of young professionals or of the increasing importance of the second generation of entrepreneurs. Expectedly younger generations push for new business conceptions, and have sufficient digital literacy thus they are easier in adopting digital technology than the older ones. For instance, an old mager of a company, while introducing the new CEO, he was also trying to legitimize to us and to himself the turnover: “So he will be soon the new boss. He will be the one who will create the next team. However, he is not just "arrived”. He has been participating in all the activities for 10 years. He was here and still is because he is capable, he is not just keeping the chair warm.”
MSMEs envisioned digital technology with the only purpose of reinforcing their current understanding of how the business “had to be done”. As one participant said "we want digital systems that could precisely support my manufacturing activities. As the right person at the right time" Indeed, firms seemed not interested in the “transformation” concept, but more in how it was possible to couple digital technology with what they were: MSMEs’ identities were inelastic and their vision of digital technology very narrow and contracted.  
One factor that seemed to limit their ability to embrace an articulated idea of digital transformation was the limited dimension and heterogeneity of their supply and partners’ networks. Their network was composed by actors with which they all shared long-term commitments “The generational transition lasted about ... almost fifteen years, I would say. And in 2010 my father definitively abandoned the business and now it is only us, the three children, who continue the second generation”This way, reliability trumped permeability to novelty and exploration. All these constraints favoured the consideration of digital technologies as a silos, rather than a set of tools that might permeate the organisation. As a result, their decisions on digital technologies resolved to having an all-rounder human resource as stated by one of the participants: “we are always in  need of a “jack of all trades”... people who could jump here and there and keep the production going. Even better if a digital system could do it”
Using the self-assessment survey data, we grouped them to find commonalities but also to allow them to get in touch with potential new partners to enlarge their networks. Quotes show that the information exchange, the gained technological knowledge, and applications examples provided during the PID workshop, triggered them also to consider possible partners to implement a later DT solution and enlarge the network. As illustrated by one of the participants: "The collaboration with the university and the PID project itself allow us to meet and engage with firms operating also in other industries, but  interested on digital potential...so now we are the ones promoting this initiative to other firms”. Moreover, the personalised meeting with the mentors helped to discuss the advantages of different technologies, their drawbacks, and to select a suitable way forward by establishing trust, as mentioned by one of the firm “(The collaboration with the university) allows us to be helped by external professionals and academics without a second purpose". 
Table 4 summarized the three main empirical themes emerged (inertia, tunnel vision, and conflicts).
TABLE 4 . Empirical Analysis

	Theme
	Cycle
	Categories
	Categories details
	Illustrative quotes

	INERTIA
	1
	CAPABILITY
	orientation consistency (same old but with tech)
	"I participated in the national policy initiative, thinking precisely about how to digitalize my own assembly production lines…. I would love to adopt help-systems able to do what my employees do, what to assemble and toward which sequence"

	
	
	
	resources
	"it happened that the guy who make looms get injured and he had to have surgery, then he was forced to stay at home for a month and a half,  and at the same time another employee was sick longer than expected ..we are just few people..." 

	
	
	
	 
	"Digital systems that could precisely support my manufacturing activities would have been more than welcome. As the right person at the right time"

	
	
	
	 
	“Our technical office (one person) continues to update new machines, to study new things. He spends a lot of time in R&D activities. Then, there are also other figures, which can also be involved in the manufacturing of prototypes or in the development. However, there is no time or possible to compare what they do and use a mix of their results”.

"I think the best and only solution could be… implanting one's brain on another individual (laugh)"


	
	
	
	physical limits
	"There is not always full internet coverage on our client’s sites. Therefore, sale forces go back to the pen and paper attitude"

	
	
	GOVERNANCE & NETWORK
	Slow generational turnover 
	“The generational transition lasted about ... almost fifteen years, I would say. And in 2010 my father definitively abandoned the business and now it is only us, the three children, who continue the second generation”

	
	
	
	Narrow network
	“ We are three bothers. I take care of the production, my syster manage the accounting and my brother held the sales. That’s all…and Italy is our prevalent market place, because we are already well knowned”

	TUNNEL VISION
	
	IDENTITY
	Mismatch with the current usage
	“Even this thing (commercial configurator) was embraced with a very optimistic perspective. However, it is little used. Generally, it is used here or from the office. Few agents use the configurator.

	
	
	
	 
	

	
	
	
	Overlap between who and what for generations
	“Internally, we have all the skills and knowledge we need to support every single client.  Some of those still hold machines that have more than twenty years, and others have the last released ones, with completely different electronics… more sophisticated, very different machines ... but we know all our clients personally”

	
	
	
	Narrow vision on tech possibilities
	" I would like to be enable to work from home using my mobile phone. But I can't ... it is just difficult, we don't have a price list.  We are not selling coffee machines, you can't just give a discount on the price. It's more complicated. But I would like to go in that direction. I would like to equip our sales force with a tablet to visualise a sort of price list. Or at least the possibility to access our server... "

	CONFLICTS
	
	
	Needs of new skills vs liability of the youth
(legitimation conflict)
	Let's take "WordPress". it is the boy (salesman) who does it because, during his 8 hours per day schedule, I am sure he can also fit this in. I mean, two or three hours a week, it is more than enough for a website. So I said: "Just do it". At first, he was a little skeptical, he replied it was a complex task and he didn't have the skills. But, I told him, if he cannot make it when he is 22 years-old, supposedly part of "the digital generation", who can? 

“So he (son-in-law) will be the new boss. He will be the one who will create the next team. However, he is not just "arrived”. He has been participating all the activities for 10 years. He was here and still is, because he is capable, he is not just keeping the chair warm”


	
	
	
	Need of digital vs lack human resources
	“we are always in  need of a “jack of all trades”... people who could jump here and there and keep the production going. Even better if a digital system could do it”

	
	
	
	Optimization vs exploration
	" (Technology) improves decision making to better plan production and... yes, also our budget reports. I would like them to be more precise, I would like to know more in detail which are the negotiations in progress, the one we won, and the one we lost ... " 

	
	
	
	 
	"processes need to be formalized, month by month, with something more objective ..." 

	
	
	
	 
	“we don't really have the time…we just would like to know how to have access to the funds”

	
	
	
	 
	“I am worried about considering the unsuitable investment"






[bookmark: _GoBack]Second cycle: extending lenses
After the analysis of the outcomes of the first cycle, we singled out the themes and issues that emerged as problematic according to the interactions among entrepreneurs and with the project team. These “problem areas” were the themes we used as guides in the workshops aimed at producing pilot solutions with five MSMEs. An entire iteration of a design thinking process was used to co-design with firms a potential new service/process enabled by digital technologies, connecting them with either clients or partners, entailing organisational and operational transformation. We aimed at defining, together with firms, the problem of digital adoption as one that touched technical, social and cultural aspects in their organisations and networks. After having achieved such a shared consideration, we aimed at co-designing with them a blueprint for a new process or service that they would have developed in the following months (further details on Table 2).
It is worthy to highlight that whenever a process of generational handover (parent/siblings, parents-in-law/siblings-in-law) was happening, the propensity and the interest to explore the implications and potential of new technologies was higher. Therefore, we selected firms where the newly appointed leaders showed an open attitude to embracing new views into the organisation and considering new ways of working. The sampling escapes considerations of being biased because of our care in selecting firms wherein the interest towards digital technologies of young generations contrasted with older owners’ and managers’ resistance to DT and with their reliance on traditional business logics. Our choice aimed at selecting informative, paradigmatic cases (Flyvbjerg, 2006) given the participants’ propensity to consider digital technologies and because of the richness of data and interpretations stemming from the clash between generations.
In this activity, we resorted to design thinking to engage firm representatives in a process of reflection and visualisation. Such selection relies on the literature on design thinking as an enabler of strategic redefinition (Liedtka, 2015; Magistretti et al., 2022; Micheli et al., 2018) based on co-creation. It is an approach that factors in the human and social variables in organisational and technological puzzles and projects. The user centred perspective promoted by design thinking is crucial in helping firms and professionals to divest their existing frames on products and markets and to explore the user-related variables that might be crucial to generate value. As one of the participant said: “the workshop  gave me a new and external perspective of my own firm”
Another characteristic is its focus on the human-centred and user-driven perspective, that enables individuals to strip off the assumptions and categories they take for granted and to adopt different worldviews and vantage points (Brown, 2008; Buchanan, 1992). Third, design thinking has a strong commitment to concrete and visual approaches, with intense use of prototyping. Prototyping in design thinking allows participants to validate solutions by interacting with them. Materialisation and exteriorisation allow collectivities to use the prototype as a prop for further developments, to negotiate shared meanings, and to validate assumptions and directions taken as one of the participants mentioned while reflecting on the prototype mades as workshop outcomes "Our core business will remain the same, but we are exploring new possibilities" .
These workshops ignited three processes. First, the format of the workshop forced participants to assert, expose, and translate their perceptions and interpretations of DT into a visual format, to make it easier for other participants to grasp them. Second, participants developed multiple frames about DT. Rather than focusing on a single technological outcome to optimise their current way of working, firms representatives explored how novel partnerships with new actors might renew their business models, and how digital tools might help in achieving these results. The workshops aimed at facilitating the envisioning of the firm as a part of a larger system of activity and value that, if reconfigured, might create value in innovative ways for clients. For instance, one firm partnered up with 5 firms of the project operating in the same industry to build up a common digital platform. Another firm, a led manufacturer, partnered with a seed producing firm to explore hydroponics. They founded a joint venture. During the design workshop, firms fostered multiple and exploratory interpretative directions, enlarging the number of uses of technology and considering their potential strategic implications. As a result, six months after the project, 24 firms with the support of the university organised a field trip to Berlin to visit major hubs of digital innovation in the city and keep this openness towards learning alive.
Third, design workshops allowed firms to connect daily operations with their customer experience. Mapping in a detailed manner how single activities created value for customers, firms had the chance to prioritise some operations over others, to think about pruning some other tasks, and, most of all, to envision how digital technologies might amplify the value-generating potential of some of them. Integrating customer experience into their DT roadmaps allowed firms to design solutions based on the experience they wanted to provide rather than on the organisational processes and flows that were already in place. Technology, thus, followed this type of deconstruction and reconstruction of value creating processes. Testing an analogic prototype, often storyboards and wireframes that did not commit until later iterations to any specific technology, allowed the firm to first appreciate the business rationale of some transformation and then to search for viable tools. As reported by one of the firm:  "We are an ecommerce platform and we would like to grow and become stronger. We were looking for a costumer center vision into the future. This is what the PID project meant to us: being in line with the times to embrace the future".
We registered the effects of putting together younger and older actors in the workshop. Younger generations advocated the need to adopt novel strategies and logics. The more the interaction proceeded in the workshop, the more they showed openness to the worldviews of older ones and attempted to combine heterogeneous ways of considering technology in the emerging solutions. This co-creation process allowed to coordinate the visions of different generations, defusing the clashes and power plays that might have brought the process to a stop. A young participant stated “In my family we have been fishermen for generations, but I would like to do something different, not to fish …but to trade digitally. I want to build and create a new value offer”.
Table 5 summarize the comparison between the first AR cycle findings with the second cycles to appreciate the impact of our intervention and progression of the MSMEs’ digital transformation. 
TABLE 5 .  Comparative findings and actions performed

	Theme
	Categories
	Cycle 1 - findings
	ACTIONS/TREATMENTS



· Network events for MSMEs


· Academic and professional  figures available
· most academics have consulting experience (hybridity)


· tailor made Design Thinking workshop - 
· Prototype as "try something" approach


· Universitity network availability


· University contents and knowledge
	Cycle 2 - findings
	Events and/or supportive quotes

	INERTIA
	CAPABILITY
	orientation consistency - same old but with tech
	
	new orientations &  new business
	6 firms co-create and partner up on a new business project

	
	
	 resources contraints
	
	availability of external & trustworthy resources 
	"The collaboration with the university and the PID project itself allow us to meet and engage with firms operating in also other industries,but  interested on digital potential… moreover, it allows us to be helped by external professionals and academics without a second purpose"

	
	GOVERNANCE & NETWORK
	Slow and troubled generational turnover 
	
	evolutionary trajectory in the strategy
	“I am the oldest partner and I am 29 years old. In my family we have been fishermen for generations, but I would like to do something different, not to fish …but to trade digitally. I want to create a new value offer”

	
	
	Limited network
	
	Network amplification
	“we are promoting this kind of initiative to others firms (second round)”

“The projects gave us the chance to narrate ourselves and to build a community..we all engage on an exploration of the territory we are in  (veneto)”

“The project connected us (firms) with high level of professionals, able to suggest us our way forward”

	2TUNNEL VISION
	IDENTITY
	Technology to optimize the current way of working 
	
	New perspective and  point of views
	"it was like you (university) were looking at us (firms) from a broaden and different perspective”

“the workshop  gave me a new and external perspective of my own firm”

	
	
	
	
	
	"Our core business will remain the same but we are exploring new possibilities"

	
	
	Overlap between ‘who’ and ‘what’ for generations
	
	New  identities creations
	New partnership between a led manufacturer and a seed producer 

	
	
	Narrow vision on tech possibilities
	
	Amplified vision and open attitude
	24 firms asked the university to organized a field trip to Berlin to visit European innovation Labs. The associated chat after 9 months was still very lively 

	
	
	
	
	
	"We are an ecommerce platform and we would like to grow and become stronger. We were looking for a costumer center vision into the future. This is what the PID project meant to us: being in line with the times to embrace  the future"



Discussion 
In our study aimed at gaining an in-depth understanding of an emerging phenomenon, we embraced a research design that adapts to the uncertainty and non-linearity of many small entrepreneurial organisations (Bygrave, 2007). Our AR initiative aimed at mixing understanding and actual support to practitioners to foster the digital transformation of MSMEs. In line with this objective, we focused on the causes of MSMEs delays to then prioritise analytic tasks and active interventions aimed at igniting transformation processes and distill elements that might inform further research and policy making. The following discussion isolates the most important propositions that might be extracted from the study and the avenues for further work.
The AR process revealed the centrality of organisational culture in supporting change and transformations. Creating a safe space with design thinking where participants negotiated the legitimacy of suspending held beliefs and proven recipes was key in moving firms. The resistances to consider technology in a wider perspective, one that touches the main assumptions at the basis of the firms’ operations and strategy, were halted in such situations. Therefore, firms realised the importance of replicating the dynamics and openness found in the workshops in their ways of taking decisions, since they realised that DT has not only a technical but also an organisational and institutional nature (Dattée et al., 2018; Järvi et al., 2018).  Policy-wise, this realisation opens a research trajectory related to policy. The policy scheme our study was based on is similar to many others in Europe. Policy pressures are on objective performance indicators, such as the number of solutions adopted, the percentage of MSMEs applicating to call for funds and the like. Our study suggests that the awareness of the cultural and strategic implications of digitalisation are key to then consider technologies within a framework that makes strategic sense. Implementing such awareness in policies for digitalisation and formulating adequate metrics to assess policy results represents a promising research avenue.
In MSMEs, the actions and perceptions of senior managers or CEO/entrepreneur are crucial as they are often the central decision-makers (Jafari-Sadeghi et al., 2021). Therefore, the possible moment of breakthrough for the adoption of new technology is the passage to a new leadership or the facilitation of a new leadership. The intervention by the project team ( table 1) was thus beneficial in two dimensions. The first regards the specialised knowledge provided by researchers, mentors, and experts on the topic of Industry 4.0. The second regards the facilitation of the emergence of perspectives elaborated by young entrepreneurs and perspective new leaders. Open innovation involving universities and institutions, worked in our case as a source of ideas and competencies but also as a provider of symbolic capital for incoming young firm leaders who should otherwise struggle with a “liability of youth” and ensuing conflicts.  
The main challenge for firms involved in our study was the selection of the adequate technology. This challenge is connected to the oft-cited lack of resources, time and competences (Ahn et al., 2015; Spithoven, 2013; Coleman et al., 2016). Moving from this, our intervention and the interaction with external actors as “mentors”, providing a perspective from outside and enriching the network (also cognitivly), proved to be beneficial. Adoption of digital technologies in MSMEs needs to be guided in order to let them reframe their attitude toward technology and embrace digital opportunity.
The contribution of the open innovation approach involving firms, university researchers, and institutional personnel can be perceived not only in providing ideas or skills but also in the creation of a shared language, a set of categories and ways of thinking, talking, and presenting that provide the innovation process with structure. Explicitly, the intervention of universities and institutions required new leaders to plan and present their intended courses of action more sophistically since the language of the institutional actors puts a prize on structured means-ends chains that might then be assessed through rigorous and objective measures (such as budget, expected results and returns on the investment, and the feasibility).
The liability of smallness leads to herding behaviour (Bharadwaj and Soni 2007; Karjaluoto and Huhtamäki 2010) and we can frame in this perspective our intent of exploiting the power of networking all along the AR project: we decided to facilitate peer-to-peer learning and the emergence of collaborations by identifying inspirational cases and instilling mimicking behaviours to increase strategic confidence. While aimed at solving discrete needs and demands – specifically, the need to understand and then deploy specific digital technologies in MSMEs – the collaboration among institutions, universities, and MSMEs generated “byproducts” that are, ultimately, crucial to DT. One of these byproducts is the creation of informal relations among small firms. Thick networks of relations among MSMEs, we suggest, are not solely conduits for the collaborative development of discrete solutions through the pooling of ideas and knowledge. They rather produce a sense of identity and cohesion that helps these firms to first and foremost make sense of the challenges and to develop a sense of community that enables the subsequent search for solutions. 
Additionally, looking at the different levels (actors, teams, and individuals), we observed that successful case studies were characterised by the continuum-like bottom-up and top-down progress of hybridity. Referring to the knowledge fractals introduced by Carayannis and Campbell (2009), our findings point out the relevance of these elements. For instance, the university team was created in a hybrid way, pushing the collaboration from two different departments and including researchers with a consulting background. Focusing on the MSMEs, the new leaders often allow hybridity and flexibility to emerge inside more traditional entities, generating a matching environment and triggering digital transformation. 
Managerial Implications
The data collection allows to observe an emerging open and guided process based on a range of innovation interventions. Starting from the AR approach, we forced MSMES to open up their boundaries and welcome external point of views and interventions able to guide their digital transformation, whose preliminary step has been (re) framing the concept of digital transformation itself. Our research therefore suggests that MSMEs focusing on overcoming smallness liability through external knowledge sourcing strategies will overcome their inertia. In a similar way, the use of Design Thinking unlocked a collaborative decision-making process to settle the digital path, overcoming the obstacles brought by generational conflicts and narrow lens observed in our sample. 
In particular, the Design workshops helped on reframing problems by diverse means: external interpretive schemes, categories, language, and perspectives are useful in subtracting entrepreneurs from inertias and cognitive traps due to experiences and “tunnel vision”, that is the posture according to which an entrepreneur, or a manager, frames problems in ways that were successful in the past. Specifically, design workshops allow MSMEs to connect their daily routines with the customer experience, which gave leaders the possibility to rise above features and functionality. The integration of customer experience into their roadmaps allowed them to better understand how to choose technology strategies able to guarantee a preferable customer experience, designed by capturing core user needs, and appropriate product features, even in terms of technology.
Thus, our research suggests MSMEs adopt design thinking methods since these allow them to focus not on the technology but on systemic and holistic transformations of their ways of doing business. Like so, technologies become more intelligible within a larger frame, rather than unintelligible sets of gadgets and devices whose business function might be obscure or perceived as “not adequate” to the specificities of small and micro-enterprises (Horvath and Szabo 2019). Additionally, firms need to be supported and mentored in the development of adaptive capabilities that allow for continuous experimentation aimed at testing traditional assumptions lying at the core of their way of doing business. Fast and low-cost prototyping as a way to devise and strategize according to different future scenarios will be fundamental in preparing firms to be adaptable enough to deploy digital technologies when the imagined changes materialise. 
Conclusions and Limitations 
The development of more effective DT strategies and policies for MSMEs 4.0 transition will require further studies that can overcome the limitations of the current paper. In this sense, both qualitative and quantitative studies may be carried out so as to understand not only the process but the impact on performances. However, the size of the sample and the purpose of this paper guided us toward qualitative methods. Future research might consider a longitudinal approach where quantitative methods can reinforce the conclusions. Additionally, even if the analysis of Veneto region helps us to observe the behaviour of MSMEs active in different industries, the extension of our study to other (not only Italian) regions may better elucidate the role played by the incentives and drivers we identified in different socio-economic and industrial contexts. 


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