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Abstract
We examine whether the probability of innovating a company’s business model towards 
the Industry 4.0 paradigm is affected by external institutional support and family leader-
ship. Industry 4.0 is the information-intensive transformation of global manufacturing ena-
bled by Internet technologies aimed at reinventing products and services from design and 
engineering to manufacturing. Using a sample of 3000 firms from a corporate survey on 
the manufacturing industry in Italy, our results showed that family leadership has a sig-
nificant positive influence on the adoption of Industry 4.0 business models, but only in 
terms of family ownership. By contrast, family management has a negative influence on the 
probability of adopting a new business model. However, this negative influence is almost 
totally offset by the presence of the Triple Helix, i.e. the external support by public institu-
tions and universities, which counterbalances the lower propensity of family managers to 
adopt Industry 4.0 business models. This supporting role only occurs when institutions and 
universities act together.
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1 Introduction

Institutional support from public institutions and universities plays an important role 
in sustaining the competitiveness of private companies, as it provides firms with criti-
cal resources that they can use for innovation and development (Li and Atuahene-Gima 
2001; Sheng et al. 2013; Shu et al. 2015). SMEs and non-innovating firms are usually 
indicated as important policy targets because of the gaps in their resource endowment 
and managerial abilities (Kotlar et al. 2013; Müller et al. 2018). For these firms, exter-
nal support from development agencies, universities or research centres provides an 
opportunity to take advantage of the most promising technologies, which are crucial 
for enhancing performance (Büchi et al. 2020). It also enables them to adopt the most 
appropriate business model for the new industry landscape of the Industry 4.0 digital 
revolution (Müller et al. 2020; Müller et al. 2018). As a radically new approach to man-
ufacturing and value chain management, Industry 4.0 is transforming global industry. 
This transformation is much harder to manage for small and non-innovating firms, and 
can prevent them from exploiting the full benefits of hyper-personalized products and 
services driven by innovative business models.

Company ownership and management, i.e. company leadership, provides a further 
rationale for external support for SMEs. A vast literature shows that company leadership 
plays a crucial role in explaining the observed differences in the innovation behaviour of 
incumbents, as it influences the incentives and expected returns of decision-makers and 
shapes the innovative profile of target firms. Among the different owners, family owners 
are ideal candidates to explore this issue. Several features associated with this type of 
ownership are behind this claim. Firstly, despite their flexibility and long-term orienta-
tion, family firms are often weak innovators because of the narrow resource endowment 
that limits their ability to catch up with technology (König et al. 2012). Secondly, the 
conservative attitude that characterizes this particular form of governance may some-
times prevent family firms from interpreting policies and programs correctly (Peng 
2003; Ma et al. 2014; Zhang et al. 2017) and impede collaboration with external sources 
of knowledge, such as networks and alliances (Powell and Grodal 2005; Tether 2002). 
Thirdly, a risk-avoiding behaviour may limit the ability to seize business opportunities 
and hinder decisions concerning the adoption of disruptive technologies or risky busi-
ness models. Finally, Pucci et al. (2017) highlighted that family involvement positively 
moderates R&D effectiveness, but only within the framework of local relationships. 
Institutional support may therefore be particularly critical for family firms, as it helps 
overcome specific limitations that are inherent to their governance structure.

This paper explores if and to what extent the institutional support provided by public 
institutions (government and agencies) and universities influences the adoption of new 
business models when corporate leadership is taken into account. Specifically, we study 
whether the Triple Helix model, i.e. the interaction between institutions, universities 
and industry within an entrepreneurial ecosystem, helps firms overcome the ownership-
related disadvantages that inhibit - or delay - the adoption of business models consistent 
with the Industry 4.0 paradigm (henceforth, business model 4.0).

To the best of our knowledge, no studies have demonstrated empirically how the abil-
ity of a company to adopt or innovate its business model relates to both the nature of 
the firm leadership and the presence of institutional support. In addition, no ownership-
driven mechanisms of business model change have been proposed to explain the ability 
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of incumbent firms to modify their business profile when institutional support is explic-
itly taken into account.

This research attempts to address these gaps by studying the influence of company lead-
ership and external support on the adoption of 4.0 business models in a sample of Italian 
manufacturing firms. We use the company relationship with public institutions and univer-
sities (Triple Helix) to identify differences in the adoption of 4.0 business models in spe-
cific types of ownership and management. To test our predictions, we draw on information 
from a survey carried out in 2019 by the Italian Union of Chambers of Commerce (Union-
camere) on a sample of 3000 Italian manufacturing firms. Firm-level information included 
in the survey is related to the investment in digital technologies, the adoption of 4.0 busi-
ness models, the type of ownership and the relationship of the focal firm with institutions 
and universities. Following a consolidated line of research, we consider simultaneous inter-
actions between the three actors (firms, government and university) as a source of the gen-
eration of new knowledge and resources crucial for innovation (Ranga and Etzkowitz 2013; 
Etzkowitz 2006). The evidence in the paper confirms the validity of this assumption.

Our estimation results show that despite family firms being very proactive in the intro-
duction of 4.0 business models, family firms run by family CEOs (family management) 
come out as weak adopters of 4.0 business models. More specifically, family management 
– not ownership – comes out as the weakest form of company leadership in the develop-
ment and use of 4.0 business models. However, when the influence of the Triple Helix is 
taken into account, the disadvantage of family management almost disappears, as the con-
nection with institutions and universities increases the propensity of family CEOs to adopt 
4.0 business models.

We found that the Triple Helix helps to overcome the managerial gaps that impede fam-
ily leaders from acquiring superior technological assets and disruptive business models. 
This evidence confirms the role of the Triple Helix as a mechanism that offsets the differ-
ent managerial abilities and innovation propensities of family CEOs and, more generally, 
confirms the appropriateness of this form of external support as a policy tool to deal with 
leadership-related shortcomings in the adoption of 4.0 business models.

The paper is organized as follows. In Sect. 2, we discuss the nexus between the Triple 
Helix and the adoption of disruptive technologies. We distinguish between family owner-
ship and family management in the development of hypotheses, as we also do in the empir-
ical analysis. Section 3 describes the dataset and estimation methods. Section 4 presents 
the variables used and summary statistics from the empirical analysis, and Sect. 5 presents 
the estimation results. Section 6 concludes and suggests future research.

2  Literature background and hypotheses

2.1  The Triple Helix and the emergence of disruptive technologies

2.1.1  The supporting role of the Triple Helix

The emergence of the "Triple Helix" paradigm (Etzkowitz and Leydesdorff 2000; Etzkow-
itz 2002; 2003) highlighted the key role of interactions between university, industry and 
government as a model for knowledge-based economies to overcome barriers that cannot 
be overcome by one entity alone.
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The relationship between firms and universities is crucial for accessing and absorbing 
new knowledge for innovation purposes (Wang and Lu 2007). By collaborating with uni-
versities, firms can access complementary knowledge and experience, gain competitive 
benefits (D’Este et al., 2012), and reinforce internal capabilities (Daghfous 2004). Firms 
that establish partnerships with universities reach higher productivity levels compared with 
those with lower universities ties (Boardman 2008; Powell et al. 1996; Zucker et al. 1998; 
Stuart et al. 999, González-López et al. (2014); Rybnicek and Königsgruber (2019). Uni-
versities are thus a key actor in a regional innovation system. By increasing social interac-
tions with other actors in the innovation ecosystem, universities can play an active role in 
supporting innovation, which then positively affects their reputation (Villani and Lechner 
2020).

The participation of public institutions (government and agencies) can strengthen the 
cooperation even further (Mohnen and Hoareau 2003; Freeman 1987; Lundvall 1992; Nel-
son 1993; OECD 1999, Fagerberg and Verspagen 2009; Boardman 2009) by creating a 
local environment that is more favourable to innovation (Mars and Rios-Aguilar 2010). In 
addition to setting up policy actions (Leišytė and Fochler 2018), the government translates 
research into use, negotiates R&D contracts with universities and local providers (Edquist 
2004), and also acts as a venture capitalist by providing financial resources for new busi-
ness activities. Public institutions can also improve cross-fertilization targeted at bridging 
knowledge between different sectors and actors, generating consensus, and avoiding con-
flicts of interests. This collaboration also helps in integrating skills and enabling businesses 
to increase their own competencies, by favoring practical implementation and opportuni-
ties for knowledge exchange (Archer and Cameron, 2009; Doloreux and Parto 2005). The 
interplay between firms, industry and government can thus foster the innovation perfor-
mance on the basis of how these actors interact rather than how they perform separately 
(Smith 1994).

2.1.2  The industry 4.0 paradigm

With the recent advent of the Fourth Industrial Revolution (Schwab 2017), the need to sup-
port firms’ competitiveness is even greater. Discontinuous technological change refers to 
a new technological paradigm that breaks down the current technological trajectory (Dosi 
1982; Rosenbloom and Christensen 1994). This discontinuity is often considered as a 
"radical innovation of changing components, systems, techniques, or methods required for 
producing organizational outputs” (Lavie 2006: 154; Schumpeter, 1942). In fact, techno-
logical discontinuity is based on new knowledge and capabilities that can potentially shift 
products, firms, and transform old mechanisms and existing technologies into challenging 
processes in line with new market expectations (Anderson and Tushman 1990; Dahlin and 
Behrens 2005). The uncertainty connected to discontinuous change generates variations 
in the forms of adoption (Westphal et al. 1997; Goodrick and Salancik 1996), which may 
influence incumbent firms differently according to their heterogeneity and variety in the 
supply of goods, and in their motivations and cultural values (e.g. Bijker et al. 1987).

Since discontinuous technologies are value creators «that depart dramatically from the 
norm of continuous incremental innovation» (Anderson and Tushman 1990, p. 606) and 
from the traditional innovation trajectory, we believe that Industry 4.0, and its influence on 
the development of new business models, fully reflects the abovementioned concept and 
fits in its own right within the discontinuous technology paradigm.
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Industry 4.0 is used to indicate the so-called Fourth industrial revolution (Schwab 
2017). The term Industry 4.0 originates from the German government’s “Industrie 4.0” ini-
tiative to support the long-term competitiveness of the manufacturing sector (Kagermann 
et  al. 2013). Industry 4.0 is referred to with different names in other countries, such as 
“Industrial Internet Consortium” or “Industrial Internet of Things” in the United States, 
“Internet Plus” or “Made in China 2025” in China and “Smart Manufacturing Innovation 
Strategy” or “Manufacturing Innovation 3.0” in South Korea. In Europe, it has been indi-
cated as “Factories of the Future” by the European Commission, the “Future of Manufac-
turing” in the United Kingdom and “Industria 4.0 in Italy (Büchi et al. 2020; Müller et al. 
2020; Müller et al. 2018). The two crucial advantages of the pervasiveness of Industry 4.0 
are its integration and interoperability (Wei et al. 2014). The core technology of Industry 
4.0 is represented by Cyber-Physical Systems, which are integrated into the value crea-
tion process and help the mixture between physical and digital processes (Kagermann et al. 
2013). Industry 4.0 connects embedded systems, which generate a synergy between indus-
try, business, and internal functions and processes. With the advent of Industry 4.0, tech-
nologies such as robotics, but also automation, production, sales and distribution methods 
have disrupted entire value chains, leading to the formation of new business ecosystems. 
The Industry 4.0 model is able of support various functions, from process optimization to 
new business models (Kagermann et al. 2013; Oesterreich and Teuteberg 2016).

This change also involves the use of new elements such as the industrial Internet of things 
(IoT) and digitalization to make firms more dynamic and flexible (Kagermann et al. 2013; 
Ghobakhloo 2018; Liao et al. 2017; OECD 2017; Evangelista et al. 2014. For a literature 
review see Oztemel et al. Gursev 2020). Research on Piedmont, a region in northwest Italy 
(Büchi et al. 2020), has highlighted the positive effects of an openness to Industry 4.0 on 
performance in terms of greater opportunities, such as higher production flexibility, speed, 
output capacity, quality, fewer costs and errors, and better customer opinions of products.

With the rapid spread of Industry 4.0, firms can leverage on external sources in collaborating 
for innovation rather than relying entirely on internal resources (Chesbrough 2006; Kellermanns 
and Hoy 2016). The innovation of the company relies on the extent to which the environment 
boosts knowledge transfer through networking among stakeholders, as well as skills, finance, 
advice and supply chain partners (OECD 2013). Collaboration with external sources of knowl-
edge, such as networks, alliances and other forms of interaction, can foster firms to innovate and 
achieve technological upgrading (Powell and Grodal 2005; Tether 2002; Chen et al. 2011; Love 
and Roper 2001; Nieto and Santamaría 2007; Zeng et al. 2010; Rammer et al. 2009).

2.2  New technologies and family firms

Since success in technological innovation requires high-level expertise in business skills 
and managerial effectiveness (Covin and Slevin 1998; Kuratk et al. 1997; Xu et al. 2018; 
Liao et al. 2017; Puangpronpitag 2019), the beneficial influence of the external environ-
ment on individual firm performance can compensate for any lack of specific competen-
cies and abilities. More generally, management skills and other complementary capabilities 
needed to face the changes brought about by the disruptive technologies are even more 
significant for Industry 4.0 (Martín et al. 2013), thus making governance-dependent gaps in 
the availability of resources and capabilities a significant issue. 1

1 The discontinuous technological change (Gilbert, 2005) brought into by the new digital paradigm identi-
fies dimensions of technology adoption (speed of adoption, resource commitment, and flexibility) that may 
be crucial for family firms.
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König et  al. (2012) show that the nexus between the adoption of discontinuous tech-
nologies and family firms has not been fully explored and the findings are still inconsistent. 
Among the many features of company governance, specific aspects of family leadership are 
crucial for the adoption of disruptive technologies. First, repetitive and unchanging busi-
ness models are strong inhibitors in the recognition of discontinuous technologies. Fam-
ily firms appear to have less flexible mental approaches than non-family firms due to the 
longer tenure of management (e.g., Berrone et al. 2010; Gómez-Mejía et al. 2001; Schulze 
et al. 2001), higher management homogeneity (Sirmon and Hitt 2003), lower involvement 
of outside actors in decision making processes (Gómez-Mejía et al. 2007), and lower man-
agement turnover (Cho and Hambrick 2006). Moreover, family-owned companies are more 
likely to have concerns regarding the speed of adoption of discontinuous technologies.

Second, family firms present a lower level of formalization due to their high sense 
of sentiment and emotion (Gómez-Mejía et  al. 2001), as well as their long-term targets 
that often drive them towards a non-formalized exploration of new opportunities (Carney 
2005).

Third, according to the literature on socio-economic wealth (Gómez-Mejía et al. 2007), 
family firms are more emotionally tied to existing assets. This partially explains their 
higher risk aversion (Naldi et  al. 2007) mostly due to the dominance of non-economic 
goals over economic goals (Gómez-Mejía et  al. 2007; Gómez-Mejía et  al. 2001), which 
can hinder the adoption of disruptive technologies. Finally, many scholars (Wu et al. 2015; 
Banalieva and Eddleston 2011) have focused on the lower levels of managerial capital in 
family firms.

All these aspects make family firms particularly suitable candidates for benefitting from 
outside partnerships and networks, in terms of facilitating knowledge sharing and support-
ing higher innovation output (Del Giudice et al. 2010). In the following section we explore 
the Triple Helix framework to put forward specific hypotheses on the relationship between 
external support and governance-related gaps arising from company leadership.

2.3  Disruptive technologies and family ownership

The adoption of new technologies – including business models suited to disruptive tech-
nologies – depends on the characteristics of firm ownership and management (Bank of 
Italy 2009; Giacomelli and Trento 2005; Bianchi et al. 2005; Bloom et al. 2008). A family 
can influence a firm in various ways (Astrachan et al. 2002), via both ownership and man-
agement (Astrachan et al. 2002; Cucculelli and Marchionne 2012). This section examines 
the effects of family ownership on the propensity to adopt disruptive technologies. We con-
sider the role of family management in the next Section.

Family owners tend to value their firms for beyond purely financial reasons (Astrachan 
and Jaskiewicz 2008; Block 2009; Zellweger and Astrachan 2008). This includes invest-
ments in brands or sectors that are connected to the history and reputation of the family. 
Family owners may also gain non-financial benefits from investments in projects that cre-
ate opportunities for future family generations, but that do not pay off in the immediate 
term (Casson 1999; James 1999; Tagiuri and Davis 1992). Non-financial goals may also 
lead to creating a positive firm culture as well as a strong sense of belonging within the 
business-owning family.

This greater emphasis on non-financial goals makes these individuals more concerned 
about the survival of the business itself (Kepner 1983; Lee and Rogoff 1996; Tagiuri and 
Davis 1992, 1996; Claessens et al. 2000; Claessens et al. 2002; Morck and Yeung, 2003, 
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2004). The shared goals of the business-owning family and of the firm itself may lead such 
owners to identify more strongly with the firm as a social entity than other types of owners, 
who are primarily focused on financial goals, and feel a greater degree of organizational 
identification (Ashforth and Mael 1989; Riketta 2005).

Family owners may be more concerned about the reputation of the firm and thus be 
more inclined than other owners to avoid reputation-damaging corporate actions, such as 
adopting risky innovations (Boone and Uysal 2018). Compared to other types of owners, 
family owners are thus more likely to care about their reputation for social responsibility 
in the community in which their firm is located. This greater concern for reputation makes 
them more fearful of the negative image associated with risky investment decisions.

We therefore formulated the following:

Hypothesis 1a There is a negative relationship between family ownership and the likeli-
hood of developing 4.0 business models.

By contrast, a number of theoretical and empirical analyses have stressed the beneficial 
influence of family ownership on the ability to innovate and bear the risk of disruptive 
innovation. The incentives provided by the ownership to managers, who are expected to 
act on behalf of shareholders plays an important role here. According to the agency theory 
(Schulze et al. 2001), the alignment between owners and managers helps in mitigating the 
negative influence of asymmetric information and incentives on the conduct of family man-
agers, thus supporting innovation (Chrisman et al.2004; Gómez-Mejía et al. 2001; Jensen 
and Meckling 1976; Fama and Jensen 1983a; 1983b; Demsetz 1988; Ang et al. 2000). By 
contrast, conflicts in agency relationships might be significant for non-family managers, 
who are more likely to pursue their own goals rather than those of the owner (Fama and 
Jensen 1983b; Jensen and Meckling 1976).

Similarly, the concept of “familiness” (Habbershon and Williams 1999) and family 
capital (Hoffman et  al. 2006) in the stewardship approach helps to explain why family 
firms run by family managers perform better than other firms with short-term incentives 
and interests (Davis et al., 2000; Miller and Breton-Miller 2005; Miller Le Breton-Miller 
2006). Because of their long-term orientation, family owners pay more attention to stake-
holders and the overall internal organization, thus benefitting from risk taking and innova-
tion (Davis et al. 1997; Donaldson and Davis 1991; Fox and Hamilton 1994: Miller and Le 
Breton Miller, 2005).

Finally, the resource-based and knowledge-based views (Barney 1991; Grant 1991; 
Peteraf 1993) highlight the importance of knowledge transfer within family firms. Specifi-
cally, the stronger interaction between the family unit, business unit and individual family 
members fostered by family stakeholders creates a unique system of unique resources and 
capabilities (Chua et al. 1999; Zahra et al. 2004). These include commitment, trust, reputa-
tion, knowhow, valuable relationships, talent in innovation, corporate culture and organiza-
tion (Cabrera-Suarez et al. 2001; Barney and Hansen 1994). This synergy positively influ-
ences the decision-making process (Gersick et al. 1997). Given these favorable arguments, 
we posit that:

Hypothesis 1b There is a positive relationship between family ownership and the likeli-
hood of developing 4.0 business models.
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2.4  Disruptive technologies and family management

Family firms can be divided between firms run by family members and firms run by exter-
nal managers (Le Breton-Miller et al. 2011). The type of management can be an impor-
tant factor in determining the development of 4.0 business models, since the decision to 
involve family or non-family managers may influence the propensity to innovate in many 
ways. Among the most relevant are the resource management and deployment (Sirmon and 
Hitt 2003), the desired degree of risk accepted (Gómez-Mejía et al. 2007; Miller and Le 
Breton-Miller 2006; Naldi et al. 2007; Bianco et al. 2013; Chrisman et al. 2015), the role 
of debt financing (Miller and Le Breton-Miller 2006; Cabrera-Suárez et al. 2001; Carney 
2005; Naldi et al. 2007; Villalonga and Amit 2006), short- and long-term company inter-
ests (Davis et al. 2000; Miller and Le Breton-Miller 2006; Manso 2011), and various other 
incentives (Ang et al. 2000; Demsetz 1988; Fama and Jensen 1983a, 1983b).

Family managers often share a long common history with the family firm and its actors. 
In many cases, they have grown up in the organization and learned skills and practices 
that are idiosyncratic to their organization (Block 2012). Kepner (1983) argues that the 
family and business systems in a family firm co-evolve and cannot be separated without 
great damage to one or both systems. A closer look at family management is thus crucial to 
understand whether and to what extent new technologies fit the strategic and organisational 
structure of the family firm.

Family managers are able to discover opportunities (Ardichvili et al. 2003; Shane and 
Venkataraman 2000) thanks to their capacity to take advantage of overlooked potentiali-
ties in well-known commercial and technological domains (Tang and Khan 2007; Patel 
and Fiet 2011). Despite not being significantly proactive in identifying opportunities, fam-
ily firms are often more reactive in the subsequent phases, i.e. in identifying avenues that 
will aid their longevity (Zaefarian et al. 2016), and being better positioned to seize oppor-
tunities over time (Bhave 1994; Fiet et  al. 2005). This legacy enables family managers 
to exploit new scientific areas and discover new technological knowledge (Shalley et  al. 
2015). Family managers may even adopt risky innovation strategies during industry matu-
rity, given their strong involvement in the company and higher risk propensity in times of 
crisis (Gomez-Mejia et al. 2007; Hoskisson et al. 2017). Thus, we posit the following:

Hypothesis 2a There is a positive relationship between family management and the likeli-
hood of developing 4.0 business models.

The possible negative influence of family managers on innovation is mainly related 
to their willingness to avoid risk and their lower investment in human capital and educa-
tion. The limited pool of talent available within the family, or the rivalry among family 
members, may adversely affect the managerial quality and business skills of family CEOs, 
who prefer safe innovation strategies and low risk initiatives (Schulze et al. 2001). In fact, 
Dohse et al. (2019) demonstrate the positive nexus between female owners and the prob-
ability of innovation, compared with female managers.

Non-family managers are different: they usually have more varied organizational and 
occupational experiences. In particular, they generally have wider experience outside the 
firm, they have often worked in large firms, and change jobs frequently. Most have com-
pleted formal and generic management education, and have been exposed to many innova-
tions, which they are better equipped at managing.
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According to Schulze et al. (2003), and Chrisman et al. (2004), non-family managers are 
able to improve performance because they tend to reduce excessive entrenchment and altru-
ism that impede innovation. Second, when family management is predominant, there is a 
risk of pursuing different goals other than profit or firm value maximization, thus leading 
to mismanagement or under-management of the business (Levie and Lerner 2009; Schulze 
et al. 2003; Westhead and Howorth 2007; Chrisman et al. 2012). Third, non-family manag-
ers may avoid the problems of family members holding onto power and authority even at 
the expense of curbing the firm’s potential benefits (Kotlar et al. 2013). Fourth, non-family 
managers can provide new expertise, goals and perspectives and improve resource alloca-
tion, which may be overlooked by family members (Anderson and Reeb 2004; Dalton et al. 
1998).2In summary, given the above arguments we posit that:

Hypothesis 2b There is a negative relationship between family management and the likeli-
hood of developing 4.0 business models.

2.5  The Triple Helix and family firms

Most of the studies that have examined the nexus between family firms and innovation have 
highlighted moderator effects, such as the role of different generations (Werner et al. 2018, 
the openness to external stakeholders (Chlosta et  al. 2012), family cohesiveness (Zahra 
2012), and organizational flexibility (Broekaert et al. 2016).

However, despite the extensive research on innovation in family firms (for a recent dis-
cussion see Werner et al. 2018), to the best of our knowledge, studies are still lacking on 
the relationship between family ownership and external partnerships in relation to innova-
tion under the lens of the Triple Helix.

The Triple Helix enhances the transition from a low-risk and low-development model to 
a higher-risk and higher-gain development model, fostering radical innovation, new growth 
opportunities and skills (Ranga and Etzkowitz 2013), and also shaping a broader perspec-
tive of innovation (Qian 2017). However, it would seem that only the simultaneous interac-
tions between industry, governments and universities can generate a particular institutional 
pattern that produces new combinations of knowledge and resources for innovation, as 
each actor carries out not only its traditional functions, but can “take the role of the other” 
(Ranga and Etzkowitz 2013; Etzkowitz 2006).

The Triple Helix model is particularly strategic for family firms in overcoming man-
agement constraints as well as other gaps related to their ownership structure, values and 
culture (Wiklund and Shepherd 2003). By leveraging the collaboration between academia, 
government and industry (Etzkowitz 2008; Carayannis and Campbell 2010), family firms 
can improve their internal and external knowledge assets (Tranekjer 2017; Ferraris et al. 
2017) and reduce the potential gap required by the Industry 4.0 strategy. As argued by 
Filieri and Alguezaui (2014) and Del Giudice and Maggioni (2014), this enables them to 

2 On the specific issue of the influence of inside vs outside managers on innovation, the extant literature 
shows mixed results. The case study on Germany firms by Matzler, Veider, Hautz, & Stadler (2015) showed 
positive effects of family managers on innovation output (patent counts and citation of patents) and nega-
tive on innovation input (R&D). Analyzing Spanish firms, Nieto, Santamaria, & Fernandez (2015) found 
that family-management increases the likelihood of carrying out incremental innovation rather than radical 
ones. Cucculelli, Le Breton-Miller, and Miller (2016) found that family governance limits product innova-
tion that renews technological competencies, while Minetti, Murro, and Paiella (2015) observed a negative 
relationship between product innovation and the share of external managers
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absorb knowledge for developing new ideas or improving the existing ones, also support-
ing new knowledge formation, which in turn positively affects the implementation of new 
business models.

By counterbalancing the negative effects of family ownership and management on inno-
vation, the Triple Helix helps family firms to reduce the limitations inherent in their stra-
tegic and operational profile. The issue of reputation can be addressed by including the 
family firm in a larger network that favors social acceptance, and the negative influence of 
higher risk aversion can be reduced by defining an investment profile whose risk is in line 
with the risk propensity of the firm. Expert advice can thus be provided to family manag-
ers, which favors the exposure of family firms to the innovative ecosystem.

Collaborative innovation through the Triple Helix can therefore effectively overcome 
innovation barriers and provide crucial sources of competitive advantage for family firms 
(De Mattos et al. 2013; Hitt et al. 2000; Sirmon et al. 2008). We set the final hypothesis as 
follows:

Hypothesis 3 There is a positive moderating role of the Triple Helix and the likelihood of 
developing 4.0 business models by family-run firms

3  Data and methods

Our data source is a survey carried out by the Italian Union of Chambers of Commerce in 
mid-2019 on a sample of 3000 Italian manufacturing firms with at least five employees. 
The survey was conducted using the CATI method by a professional contractor in order 
to gather both qualitative and quantitative information on the firms. The sample repre-
sents about 2.4% of the entire Italian population in terms of firms and 3.6% in terms of 
employees. Specifically, the stratification considered three firm dimensions: (i) industry (24 
divisions of the section C manufacturing sector of the Nace Rev.2 classification); (ii) size 
class in terms of employees (5–9, 10–19, 20–49, 50 and above); (iii) geographical location 
(North-West, North-East, Center, South). The data include information on ownership and 
management, investment in Industry 4.0, workforce characteristics, financial performance, 
internationalization, and relationship with suppliers and customers.

To study the probability of adopting a 4.0 business model, we ran multinomial probit 
regressions, as there were several different categories that the dependent variable could 
be classified with 3. For the purposes of our study, the dependent variable can have three 
different values, summarizing three different business statuses: (i) the firm has not adopted 
any 4.0 business models, (ii) the firm is planning to adopt 4.0 business models; and (iii) the 
firm has already adopted 4.0 business models. We used the non-adoption possibility as the 
base category.

Our empirical model is:

pij = p
(

yi = j
)

= Φ

(

x
,

ij
�

)

3 The multinomial probit model is a tool to estimate processes characterized by alternatives that have cor-
related error terms. It provides several advantages over other discrete choice models, including the fact that 
it relaxes the unlikely independence from irrelevant alternative hypotheses, that is adding alternatives to the 
base scenario does not influence the relative odds between other alternatives.
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where pij is the probability that observation i will select alternative j, which is one of the 
three business statuses described above, dependent on a set of specific covariates. As het-
eroscedasticity can be an issue, we ensured consistency by selecting a larger sample size 
than the guidance put forward by Long and Ervin (2000). All models were estimated by the 
maximum likelihood.

We estimated separate models to test the “family-ownership effect” and the “family-
management effect”. For the first, we estimated the influence of family ownership on the 
development of 4.0 business models (Hp 1a, Hp 1b); for the second, we analyzed the influ-
ence of family and external management within the subsample of family firms (Hp 2a, Hp 
2b). Finally, we tested our key hypothesis on the moderating role of the Triple Helix (Hp 3) 
using interaction dummies for public institutions and universities on the baseline effect of 
the governance variables (ownership and management).

4  Description of variables and summary statistics

4.1  Dependent variable

Industry 4.0 is pushing firms to develop organizational structures that are suited to the new 
digital paradigm and to adopting 4.0 business models (Müller et  al. 2018, 2020; Ibarra 
et al. 2018; Ehret and Wirtz 2017; Crnjac et al. 2017).

As the literature has not yet provided a clear definition of a 4.0 business model, we use 
the antecedents to a change in the organizational profile of the company as the identifica-
tion mechanism (Bocken et al. 2014; Chesbrough 2007; Saebi et al. 2017; Schneckenberg 
et al. 2017; Velu and Stiles 2013).

Our definition of a 4.0 business model therefore includes any activity targeted at influ-
encing one or more areas of value generation through digital technology (Müller et  al. 
2018). Specifically, activities included in value generation are: (i) digitization of the pro-
cesses that favor data availability and the speed of decision-making (value creation); (ii) 
provision of customer-tailored products of a higher quality (value offer); (iii) comprehen-
sive interactions between suppliers and customers, including involvement in product engi-
neering and design (value capture). Our definition of development of a 4.0 business model, 
i.e. our dependent variable is thus based on the adoption (or planning) of one or more of 
these activities through digital technologies.

To consider the development stage of firms, we followed Zahra and George (2002) 
and Müller et al. (2020) by distinguishing between the planned and adoption stages. We 
therefore coded the development of new 4.0 business models using a three-level cate-
gorical structure: zero, if the firm has not developed any 4.0 business models (reference 
group); one, if the firm is planning to adopt a new 4.0 business model; two, if the firm has 
already adopted a 4.0 business model. The variables used in the analysis are summarized 
in Table 1.
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4.2  Independent variables

4.2.1  Family firms

Several indicators have been used to measure family involvement in the empirical litera-
ture (Chua et al. 1999; Astrachan and Shanker 2003; Miller, Le Breton-Miller, Lester, 
& Cannella Jr, 2007). According to the ownership criteria (Donckels and Lambrecht 
1999), a family-owned firm can be considered as a company whose owner is an indi-
vidual or a family entity. In the subsample of family firms, we distinguish between 
firms run by family members (Family-owned Family Managed) and firms run by exter-
nal managers (Family-owned External Managed) (Le Breton-Miller et  al. 2011). This 
last group includes firms owned by a family that has hired an external CEO to run the 
business.

To test the “family ownership effect” we differentiated between non-family firms 
with family-owned firms run by external managers (Family-owned EM). This ensures 
that firms are compared under the same type of management, which is external, leaving 
ownership with the role of residual explanatory factor. To test the “family management 
effect”, we differentiated between family firms run by family members with family firms 
run by external CEOs. As both types of firms are owned by a family, the invariance in 
ownership structure highlights the influence of management on firm decisions.

4.2.2  Relationships

Relationships with external actors have been proven to be key factors for improving 
innovation and competitiveness, as in the case of collaborations between industry and 
universities (e.g. Chen 1994; Boardman 2008). Public institutions have also been shown 
to be another important driver of innovation, as they facilitate the improvement in tech-
nological capabilities (Freeman 1987; Lundvall 1992; Nelson 1993; OECD 1999; Moh-
nen and Hoareau 2002). We thus generated two binary variables: (i) University and (ii) 
Public institutions. In terms of academic cooperation, we coded 1 the variable Univer-
sity if the firm has a strong relationship with universities regarding research projects, 
cooperation agreements and technological transfer. Similarly, we coded 1 the variable 
Public Institutions if the firm has a strong relationship with chambers of commerce, 
local public authorities, government agencies, and other public institutions, and zero 
otherwise. Relationships with public institutions mainly include the provision of infor-
mation, support for technological investments, and training.

4.2.3  Control variables

We included a set of control variables that might affect the propensity of family firms 
in adopting disruptive technologies (4.0 business models). To take into account the 
influence of human capital on business organization and IT adoption (Bresnahan et al. 
2002; Falk 2002), we considered a variable that accounts for the share of employees 
with a university degree (Human capital). To capture the competences accumulated and 
learning mechanisms embedded within the company (Balabanis and Katsikea 2003), we 
included two continuous variables that account for the firm’s age (Age), measured as 
the years since the firm’s establishment; and firm size (Size), measured by the number 
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of employees (Becheikh et al. 2006; Tsai and Wang 2005). We also included quadratic 
terms for age and size to account for potential non-linear relationships with our depend-
ent variable.

In line with Barker and Mueller (2002), we controlled for the influence of a firm’s per-
formance on strategic decisions (Turnover is a dummy variable coded as 1 if the firm had 
an increase in sales in the previous year). As stated by Nieto et al. (2015), internationaliza-
tion is an important leverage for innovation (Ascani and Gagliardi 2020; Galende and De 
La Fuente 2003; Veugelers and Cassiman 1999). We thus included a dummy variable set 
to 1 if the firm exported (Export) and zero otherwise. To take into account that certifica-
tion also influences a firm’s performance (Goel and Nelson 2020), we included a dummy 
variable (Quality certification): coded 1 if the firm has an internationally-recognized 
quality certification, and zero otherwise. Since the sectoral affiliation may reflect differ-
ent technology opportunities (Mohnen and Therrien 2005), we also controlled for sectoral 
technological intensity (the dummy variable High-tech is coded 1 if the firm belongs to 
high/medium-high technology intensive sectors, according to the EUROSTAT taxonomy 
of manufacturing industries by technological intensity). Finally, we included four dummy 
variables (north-west, north-east, center, south) for the influence of geographical location 
on firms’ decisions (Del Monte and Papagni 2003).

Table  2 reports the summary statistics. Family-owned firms run by family members 
represent the vast majority of the total (78.3%), whereas the share of family firms run by 
external managers is much lower (4.1%). The firms with strong relationships with universi-
ties represent about 16% of the total sample. A similar share was observed for relationships 
with public institutions.

The share of employees with a university degree is on average about 6%. Almost half 
the sample is made up of exporting firms (45.2%). The average age of the firms is 36 
years, and the average size is 38 employees. About 17% of the sample firms have a quality 

Table 2  Summary statistics Obs Mean SD Min Max

4.0BM No-propensity 2994 0.900 0.299 0 1
4.0BM Planning 2994 0.068 0.251 0 1
4.0BM Adoption 2994 0.032 0.175 0 1
Family-owned FM 2994 0.783 0.412 0 1
Family-owned EM 2994 0.041 0.199 0 1
Public institutions 2994 0.160 0.367 0 1
University 2994 0.156 0.363 0 1
Export 2994 0.452 0.498 0 1
Human capital 2994 5.957 11.802 0 100
Age 2994 36.659 12.481 4 115
Turnover 2994 0.261 0.439 0 1
Quality certification 2994 0.171 0.376 0 1
Size 2994 38.521 72.271 5 1.491
High-tech 2994 0.189 0.392 0 1
North-West 2994 0.334 0.472 0 1
North-East 2994 0.310 0.463 0 1
Center 2994 0.198 0.398 0 1
South 2994 0.158 0.365 0 1
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certification. One-fifth of the firms (18.9%) operate in high or medium-high technology 
sectors. Most of the firms are located in the Northern Italy: one-third in the North-West 
(33.4%) and about one-third in the North-East (31.0%). A total of 20% of the sampled 
firms are located in Central Italy, and 16% in the South. Table 3 reports the correlation 
matrix. Correlations ranged from − 0.393 to 0.349. A moderate negative correlation was 
found between Family-owned FM and Family-owned EM (r = − 0.393) whereas a positive 
correlation was found between Public institutions and University (r = 0.349). Similarly, a 
moderate positive correlation emerged between Human capital and Size (r = 0.310).

5  Results

5.1  The role of family ownership and management

Table  4 reports the results. To estimate the influence of family ownership on the adop-
tion of 4.0 business models, we tested the “ownership effect” by comparing non-family 
firms with family firms run by external managers (Family-owned EM), thus focusing on 
ownership-related effects. The estimated results (columns 1 and 2) show a positive and 
statistically significant effect of family ownership: family-owned firms are more likely than 
non-family firms to plan and adopt 4.0 business models. Overall, these results do not reject 
Hp 1b and support the positive relationship between family ownership and the likelihood 
of developing (planning and adopting) 4.0 business models. 4

As for the “family-management effect”, i.e. the influence of family management on the 
probability of developing 4.0 business models, the results are reported in columns 3–4. In 
these models, we compared family-owned firms run by family members (Family-owned 
and Family Managed) with family-owned firms run by external managers. In this case, 
the ownership effect is hypothesized as being constant across firms. Results show a nega-
tive impact of family management on the probability of adopting a 4.0 business model. 
The marginal effects are negative and statistically significant, in particular considering the 
adoption of new business models. This evidence does not reject Hypothesis 2b of a nega-
tive relationship between family management and the likelihood of developing 4.0 business 
models. This evidence is also in line with the findings by Dohse et al. (2019).

The estimated coefficients are negative for public institutions and not significant for uni-
versities (columns 1 and 2). By contrast, the influence of universities is positive and sig-
nificant in terms of family management (Column 4). Overall, family ownership becomes a 
compensating factor in the case of weak institutional support, whereas relationships with 
universities play a role in the adoption of new business models only when the support by 
family managers is inadequate.

4 Concerning control variables, the status of exporter is significantly associated to the adoption of a new 
business model, whereas human capital, sales growth and affiliation to high tech sectors are correlated to 
the intention of developing a 4.0 business model 4.0.
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5.2  The influence of the Triple Helix

The full model, which includes interactions between components of the Triple Helix and 
the type of company governance, provides further evidence on the adoption of new busi-
ness models (Hypothesis 3).

In the case of family ownership (Columns 5 and 6), the estimated results do not show 
any influence of the Triple Helix on the probability of adopting a new business model, as 
the coefficients are not significant and all very close to zero. The direct effect of public 
institutions is still negative, almost completely compensated for by the coefficient of family 
ownership.

By contrast, in the case of family management (Column 8), the combination of univer-
sities and public institutions plays a crucial role in the adoption of 4.0 business models: 
that is, the Triple Helix almost completely offsets the lower probability of adoption associ-
ated with family management. Unlike with family ownership, these findings show that the 
Triple Helix is crucial in firms run by family members, and emphasize the need for main-
stream intermediaries to support family-managed firms.5

The overall scenario that emerges from the regressions is consistent with Hp 3, that is 
the positive role of the Triple Helix in adopting 4.0 business models by family firms run by 
family members. This may be related to the better managerial ability of non-family man-
agers, or the generic lower willingness to make risky investments by family managers, 
which slows down the adoption of 4.0 business models. Support from public Institutions 
and universities, within the Triple Helix framework, may help in filling the gaps of family 
management by transferring knowhow and providing other support that encompasses, for 
instance, education and training programmes to upgrade professional skills and the innova-
tive behaviour of managers and employees.

6  Conclusions

The new and still unknown logic of value creation, offer and capture launched by the indus-
trial paradigm 4.0 reveals gaps in the ability of individual firms to benefit from the digital 
revolution and pushes them to find new ways of generating and appropriating value. The 
supply of external knowledge and institutional support can help firms to be more proactive 
in changing or adapting their business models towards Industry 4.0 in order to gain a larger 
share of value from their business activities.

This paper shows that the interaction between firms, universities and public institutions 
is an important driver for developing 4.0 business models in family firms. Support from 
external sources of knowledge is crucial to upgrade internal capabilities, which, in turn, 
encourages family firms to become more proactively innovative. The evidence in this paper 
provides empirical support to the hypothesis that family firms run by family members are 
more likely to adopt disruptive technologies when the "Triple Helix" is at play, compared 
to when firms do not cooperate or only collaborate separately with institutions or universi-
ties. Being on average less prone to adopt risky and innovative business models, family 

5 Although we are interested to the effect of the Triple Helix on the adoption of disruptive business models, 
we have also run estimates on separate interactions between family firms and Public institutions on the one 
side, and family firms and University on the other side. Consistently with our initial assumption, estimated 
results do not provide any significant evidence of a separate contribution from individual actors.
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firms run by internal CEOs are more likely to be involved in the exploitative strategies of 
new business models when they collaborate with public institutions and universities. This 
collaboration represents the catalyst for fruitful collaborations along a complex knowledge-
chain, likely involving various stakeholders and requiring radical changes in the organisa-
tion of the company.

The weak reaction to paradigm changes and the need to support family firms in the 
adoption of innovative business models require a policy perspective. If the propensity to 
adopt disruptive technologies is also a cultural issue, the Triple Helix can act as a leverag-
ing factor to convert a rigid entrepreneurial mindset into a more flexible and dynamic prob-
lem-solving approach. Openness to collaboration with public institutions and universities 
may improve a firm’s internal organizational culture and ensures the appropriate atmos-
phere of trust for adopting disruptive technologies.

This paper naturally has some limitations. Inferences from this study are limited by 
the data used in the empirical analysis, including the focus on industrial systems with a 
prevalence of small-sized firms. The cross-sectional approach also has a clear influence on 
causality. Finally, proxies for culture, as well as other confounding factors such as public 
incentives aimed at the technological upgrading of firms, could help in describing a more 
nuanced picture of the ecosystem.

Despite these limitations, we believe that our findings help to resolve some of the incon-
sistencies in existing research. To the best of our knowledge, this study represents the first 
case in which family firms’ governance and ownership structure have been studied within 
the narrow framework of the Triple Helix model, aimed at understanding the ownership-
related ability of a company to catch up with digital technologies.

Future research could benchmark these results with those obtained in other countries 
with different economic structures, to better understand the relevance of firm ownership in 
the adoption of new business models and technologies.
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