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Abstract: This article explores both the drivers of the digitalisation of start-ups, and its impact on their economic, innovative, and social performance. Integrating the framework of the digital entrepreneurial ecosystem (DEE) and the institutional perspective of ecosystems, structural equation modelling is used to test hypotheses on data collected from 206 Brazilian start-ups. Findings reveal that the dimensions of the DEE, its resources, institutions, and infrastructures, contribute to strengthening the digitalisation of start-ups. However, this might not be equally relevant for diverse contexts. The results also extend entrepreneurial orientation (EO) theory by investigating its role as mediator: innovation, proactivity, and risk-taking enhance DEE factors in the use of digital technologies for developing products and services, processes, and customer interactions. As digital tools are implemented, and EO is internalised, benefits can also be observed in the social domain. Managerial and policy implications are suggested for developing supportive DEEs in emerging countries.
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1. Introduction
Digitalisation has accelerated the development of start-ups that leverage on the combination of digital and non-digital assets to create and integrate innovative products, services, and business models across geographical and industrial boundaries (Colombelli et al., 2024). Along with the entrepreneurial abilities of individuals, the success of start-ups depends on the availability of resources and the institutional characteristics of the entrepreneurial ecosystem (EE) where firms operate (Audretsch et al., 2021; Klein and Braido, 2024). The literature has examined the EE as a geographically bounded system which promotes resource sharing and empowers diverse actors, such as firms, universities, and governments, to support entrepreneurship, and to achieve socio-economic goals, in terms of start-up and job creation, and increased productivity (Audretsch and Belitski, 2021; Cobben et al, 2022; Filippelli et al., 2025). 
However, the adoption of digital technologies, including cloud services, Big Data, blockchain and artificial intelligence, has disrupted entrepreneurial processes, practices and results, thus reshaping EEs (Bejjani et al., 2023). These ecosystems have become «geographically unbounded», as well as «entrepreneur-centred, and hybrid or digital community-centred» (Audretsch et al., 2024, p. 2). This has led, in the literature, to the emergence of the digital entrepreneurial ecosystem (DEE) (Sussan and Acs, 2017), as a framework to extend the understanding of entrepreneurship in the digital domain (Nambisan, 2017). Compared to the traditional EE and the digital ecosystem (DE), the DEE has unique characteristics (Pigola et al., 2024). Indeed, it is a complex and dynamic system which integrates digital technologies for fostering digital entrepreneurship and the creation of new ventures. To do this, the DEE combines economic, social, political and cultural elements (Du et al., 2018). The digital infrastructure of the DEE also eases resource accessibility, facilitates the governance of operations, and enables actors to exchange knowledge, products and services, by crossing geographical borders (Audretsch et al., 2024).
Despite attracting growing attention from scholars, policymakers and practitioners, research on DEE is still in its infancy. Previous studies have focused on theoretical conceptualisations and case analyses to understand the characteristics of DEEs and how they shape digital entrepreneurship (Bejjani et al., 2023; Elia et al., 2020; Sussan and Acs, 2017). However, there is limited empirical evidence about the impacts of DEEs (Hajli et al., 2025). In particular, there is little knowledge about the impact of DEEs on the economic, innovation and social performance of start-ups (Fernandes et al., 2024). Further investigation is needed on the relationship between ecosystems and productive entrepreneurship in terms of both early-stage and growth activities (Kansheba and Wald, 2022; Nicotra et al., 2018). Although most research has focused on the individual components of DEEs or the isolated effect of a single element, the DEE is characterised by complex interactions between actors and elements which foster start-ups. Thus, it is logical to assume that the impact of DEEs on start-up performance is similarly intricate (Zheng et al., 2024). Exploring this research area might offer practical insights (Zhou and Cen, 2024) into how start-ups can effectively use DEE to strengthen their performance (Zheng et al., 2024).  
Drawing on the framework of the DEE (Bejjani et al., 2023; Elia et al., 2020; Sussan and Acs, 2017) and the institutional perspective of ecosystems (Audretsch et al., 2021; Audretsch and Belitski, 2017, 2021), this article examines the concept of entrepreneurial orientation (EO) (Covin and Wales, 2019) and a combination of entrepreneurial networking, trust relationships, and management mechanisms, to address the following questions:
1) what are the key drivers of the digitalisation of start-ups within a DEE?
2) in what way does entrepreneurial orientation operate within a DEE?
3) how does digitalisation influence the economic, innovative, and social performance of start-ups within a DEE?
To do this, structural equation modelling was used to test hypotheses on data collected by a survey of 206 start-ups registered with the Brazilian Association for Start-ups. Understanding how a DEE transforms the economic landscape by integrating digital technologies, support for growth and innovation (Pigola et al., 2024) is paramount in most emerging countries (Quinones et al., 2021), including Brazil. This country has the largest share of most valuable start-ups in Latin America (Sebrae, 2024). However, it also shows greater informality, weaker regulatory and market infrastructures, lack of access to financing, shortage of specialised human resources, and mounting social challenges (Andonova et al., 2023; Klein and Braido, 2024)
This article offers four main contributions. First, it extends previous research which has defined the concept of DEE, its components, and characteristics (Bejjani et al., 2023; Elia et al., 2020; Du et al., 2018). This study seeks to bridge the gap regarding the dynamics of DEE from a firm-level perspective (Stam and van de Ven, 2021), by providing quantitative evidence regarding the relationship between DEE and start-up practices. Both the drivers and the multidimensional implications of digitalisation have been investigated. Second, this research also explores the interplay between DEE, EO and digitalisation. While the mediating role of EO has been extensively examined in stable environments, more evidence is needed of its impact in rapidly changing, and digitalised, environments (Penco et al., 2023). Third, the analysis was performed a sample of start-ups based in an emerging economy where the potential of DEE, and the implications of start-up digitalisation, are still under investigated (Leão et al., 2023). Fourth, the article provides insights to informing the design of practices and policies for the development of supportive DEE in emerging economies.
This article is organised as follows. Section 2 presents the theoretical framework and development of the hypothesis. Section 3 describes the context of the study and the research methodology. Section 4 illustrates the assessment of the measurement model and the hypothesis testing. Section 5 discusses the results. Section 6 focuses on limitations and avenues for future research. The final section presents the conclusions, the theoretical contribution, and proposes a selection of managerial and policy indications.

2. Theoretical background and hypothesis development
2.1 Digital entrepreneurial ecosystem and digitalisation
The idea of the business ecosystem originated with Moore (1993), who suggested a biological analogy based on interactions between biotic and abiotic entities. In this ecosystem, firms cooperate or compete in order to develop new products, address customer needs, and foster innovation. 
Defining an ecosystem has become a complex task since ecosystems can vary in their internal organisation, specialisation, goals, network intensity, and context (Compagnucci et al., 2025). Indeed, the literature has proposed diverse types of ecosystems as lenses for exploring and understanding the dynamics of business, entrepreneurship, innovation and knowledge. More recently, the growing importance of digitalisation and the expansion of the digital economy have made it essential to understand ecosystems and their dynamics in the digital domain, especially in emerging economies (Cao and Shy, 2020).  By “digitalisation”, we mean the use of information technologies, or digital technologies, to exploit new business opportunities by changing processes, improving existing processes for better coordination, or enhancing user experiences, thereby adding customer value. Digitalisation involves organising and integrating new sociotechnical structures, which were not feasible before digital technologies, into all areas of business and society (Verhoef et al., 2021).
 For this study, we have adopted the conceptual framework of the digital entrepreneurial ecosystem (DEE) introduced by Sussan and Acs (2017). The DEE extends traditional ecosystem frameworks, by specifically integrating the digital dimension, and by addressing the role of digital technologies on a systemic level (Hamadi, 2026), which can act either as enablers of entrepreneurial opportunities or as outputs (Gorelova et al., 2021). 
From the theoretical standpoint, the DEE is still considered an emerging concept (Colombelli et al., 2024; Paul et al., 2023). It mainly draws on a combination of research on the entrepreneurial ecosystem (EE) and on the digital ecosystem (DE). 
As regards the EE, this ecosystem facilitates entrepreneurial-driven environments by bringing together actors, services, a supportive culture, and public policies that, through regulatory and normative interventions, promote the creation of new ventures like start-ups, and enable productive entrepreneurship within a specific institutional context (Audretsch et al., 2021). Universities, large firms and governments can play a supportive role in stimulating the development of relationships, network formation, and experimentation practices. This, in turn, facilitates the emergence of vibrant environments where start-ups would be able to grow over time (Cobben et al., 2022). The EE emphasises the key role of both the geographical specificity and the physical proximity of actors, institutions and infrastructures. However, digitalisation has increasingly disrupted the processes, practices and outcomes of EE (Autio et al., 2018). This has led the need to conceptualise and understand the DEE, which integrates and expands both the goals and the boundaries of EE into the digital domain (Bejjani et al., 2023; Sussan and Acs, 2017). 
As for the DE, it can be defined as «a self-organising, scalable and sustainable system composed of heterogeneous digital entities and their interrelations, focusing on interactions among entities to increase system utility, gain benefits, and to promote information sharing, inner and inter cooperation and system innovation» (Li et al., 2012, p. 119). A DE is built from digital technologies, centring on the needs of users to create, diffuse, and link digital products and services (Sussan and Acs, 2017). These elements are globally connected, broadening the base of users and agents (Wibisono, 2023). Although the concept of DE is highly adaptable, it is rather generic since it can refer to collaboration, knowledge sharing, or it can simply be related to a technological implementation like a platform. Whereas, the DEE, focuses on fostering digital entrepreneurship and the creation of new ventures.
Combining the core elements of both DE - digital infrastructure and users - and EE - institutions - (Huang et al., 2025), the DEE shows convergence, expansibility, and modularity from the digital realm, alongside diversity, networking, symbiosis, competitiveness, and self-maintenance from the entrepreneurial domain (Bejjani et al., 2023). Formal institutions are central to the DEE; these include governments, universities, and research institutes. These are key actors providing a supportive framework for start-ups (Hamadi, 2026). Formal institutions enable economic action, and the productive distribution and utilisation of knowledge, labour and capital (Stam and Van de Ven, 2021). Entrepreneurs are often dissuaded from venturing into new businesses by cumbersome bureaucracy, unclear rules, and demanding timelines. Whereas the presence of an efficient government in the streamlining of regulatory processes, administrative services, strategic resource prioritisation, can foster an environment conducive to start-ups (Audretsch and Belitski, 2017). By legitimating, regulating and incentivising entrepreneurial activity, formal institutions offer a stable DEE that, in turn, promotes interactions and trust, which favour the digitalisation of start-ups, and then their growth and capacity for innovation (Venâncio et al., 2023).
Furthermore, informal institutions, especially cultural values and socio-cultural practices (Audretsch et al., 2025), might influence the path of start-ups towards digitalisation within a DEE. Cultural values broadly refer to the shared beliefs and principles which, within a given society, can guide what behaviour is considered desirable or undesirable. Informal institutions are not enforced by legal means. However, they contribute to shaping attitudes towards risk-taking, innovation, individual initiative, and the societal approval of entrepreneurial success (Audretsch et al., 2025). In addition, societies nurturing trust in the digital environment usually favour an entrepreneurial culture that is likely to be open to the digitalisation of start-ups (Venâncio et al., 2023). As for socio-cultural practices, they are descriptive norms and emerging social practices - particularly those related to the domains of environmentalism and sustainability - that can lead to improved ecosystem quality (Audretsch et al., 2025).
Along with governments, universities and research centres, the DEE is also populated by heterogeneous actors, such as large firms, start-ups, incubators, accelerators, science and technological parks, platforms, users and providers, i.e., to anyone who has access to digital technologies (Munnia et al., 2024). The interaction between these actors is facilitated by the DEE. Each actor has a diverse role and relationship given their co-specialisation and complementarities (Bejjani et al., 2023). Furthermore, they interact via information technologies and networks in order to reduce transaction costs (Song, 2019), generate ideas, and contribute to designing more effective policies (Audretsch and Belitski, 2017). 
As for the DEE infrastructure, it is worth noting the integration and interaction between the physical infrastructure (which characterises the EE), and the digital infrastructure (which is the backbone of the DE). 
The physical infrastructure supports entrepreneurship by facilitating labour mobility and enhancing knowledge sharing. Along with cultural amenities, transportation and infrastructures are also crucial for creating networks, facilitating business communications, and attracting both talents and high-tech actors. Favourable working conditions influence the dynamism of the ecosystem and the quality of entrepreneurship, stimulating the development of shared interests around new ideas and technologies (Audretsch and Belitski, 2017). 
The digital infrastructure can be defined as «a socially integrated mechanical system comprising technology and human components, networks, systems, and processes that produce self-reinforcing feedback loops» (Munnia et al., 2024, p. 102).  The digital infrastructure enables access to both the internet and to digital technologies. The quality of the digital infrastructure affects the efficacy of an ecosystem (Kansheba and Wald, 2022). Furthermore, this infrastructure contributes to influencing governance mechanisms among DEE actors: the fluidity of the digital context makes governance less predefined and dismantles geographical boundaries. Unlike an EE, the digital infrastructure of a DEE offers more autonomy, so hierarchical organisations are not required to orchestrate their activities (Cennamo et al., 2020; Elia et al., 2020).
By integrating physical and digital infrastructures, the DEE plays the role of facilitator; by strengthening a network of diverse, and geographically dispersed, actors and, by stimulating new ways of connecting them, both across industries, and beyond traditional organisational boundaries (Cennamo et al., 2020; Nambisan et al., 2019). The infrastructure of the DEE enables actors to access resources such as available finance, skills and talent, knowledge and innovation, technologies, as well as the market demand of informed consumers.  Interactions among these actors and resources fuel the emergence and growth of new digital ventures (Hamadi, 2026).
 Finance capital supports the digitalisation of start-ups by facilitating their access to markets populated with customers and venture capitalists (Nicotra et al., 2018). Knowledge capital, a key resource, the accumulated expertise and specialised information within an entrepreneurial ecosystem,  is cultivated by a  combination of various elements including: the availability of skilled individuals; top-tier research universities which produce knowledge capital through their research activities and the quality of education they provide; and educational and training initiatives specifically designed to encourage and support entrepreneurial behaviours (Nicotra et al., 2018). Both the availability of digital knowledge, and the ability to effectively use digital tools promote, and facilitate, the creation of innovative start-ups and their digitalisation, emphasising the role of knowledge capital developed in the past as a qualitative measure for the growth of an ecosystem (Kansheba and Wald, 2022). 
Unlike other ecosystems, the DEE framework integrates digital technologies as the driving force in creating and shaping business processes and opportunities beyond physical value chains (Hamadi, 2026). These technologies influence entrepreneurial behaviour by modifying the processes through which start-uppers identify opportunities and define strategies (Kansheba and Wald, 2022). In traditional ecosystems, opportunities are rarely technology derived. Whereas, in a DEE, opportunities can arise directly from specific digital technologies, such as multisided platforms, or be facilitated by them (Hamadi, 2026). This means a shift towards more data-driven and digitally enabled approaches to market analysis and strategic planning (Kansheba and Wald, 2022). Although the DEE extends traditional ecosystems by introducing a virtual dimension which enables interactions beyond bilateral collaborations, this also adds a further layer of complexity since actors can become both competitors and collaborators within multiple networks simultaneously (Hamadi, 2026). 
Given the above arguments, we propose the following hypothesis:
H1. The digital entrepreneurial ecosystem positively influences the level of digitalisation of start-ups.

2.2 The mediating role of entrepreneurial orientation
Within the DEE, start-ups are encouraged to behave entrepreneurially since they are exposed to increasing interactions, extended networks, and emerging business opportunities enabled by the adoption of digital technologies, which can facilitate access to infrastructures, resources, and incentives for digitalisation. Thus, entrepreneurial orientation (EO) has become even more important (Covin and Wales, 2019) in digitalised environments in which start-ups must adopt decisions promptly, implement actions and test new methods to survive and address a rapidly changing context (Wales et al., 2021).
Since the seminal works of Mintzberg (1973) and Miller (1983), EO has gained momentum, becoming a key framework for assessing the level of entrepreneurial activity of a venture. EO concerns how a company acts rather than what it does (Lumpkin and Dess, 1996) and is defined by a strategic orientation that includes the practices, structures, and behaviours regarding innovativeness, proactiveness, and risk-taking (Naldi et al., 2020). 
Innovativeness is the propensity of a firm to engage in the development and exploration of novel products and services. This dimension does not require that the innovation is successful, but, rather, that the behaviour is innovative (Lumpkin and Dess, 1996). As for proactiveness, this infers an anticipatory stance, seeking to seize opportunities before competitors do (Kraus et al., 2023), especially by improving existing products and services or introducing new ones, thus capitalising on emerging markets (Cherbib, 2024). Proactive firms posit themselves as leaders rather than followers (Lumpkin and Des, 1996). The risk-taking dimension is the readiness of a firm to allocate substantial resources to a business initiative despite high risks or uncertain outcomes (Covin and Wales, 2012). 
Along with these three dimensions of EO, Lumpkin and Dess (1996) introduced two further dimensions, namely, competitive aggressiveness and autonomy. Nevertheless, for this study, we only adopt innovativeness, proactiveness and risk-taking for the following reasons. First, very few empirical studies have involved all five dimensions of EO (Moreno-Menéndez et al., 2022). Second, this construct has been largely involved in the analysis of the entrepreneurial behaviour of small ventures (Chaudhary et al., 2024; Penco et al., 2023) across diverse geographical areas and industries (Petti et al., 2024). Thus, it is a stabilised construct (Wales, 2016) which is appropriate for the characteristics of our sample of start-ups (see Section 3).
Previous works have investigated the impact of EO on organisational and innovation performance (Chaudhary et al., 2024), internationalisation (Rehman, 2025), corporate social responsibility (Rocha et al., 2025), circular innovation (Castro-Lopez et al., 2025), creativity (Alwakid and Dahri, 2025), use of e-business (Hanoum  et al., 2025), and its role as mediator or moderator (Ho et al., 2024; Lanivich et al., 2025). To our knowledge, no empirical analyses have hypothesised such an effect between the DEE and the digitalisation of start-ups. Furthermore, except for some studies on EO in the context of the 2008 economic and financial crisis (Bao et al., 2011; Soininen, 2013), the literature has focused on stable economic environments while it has not explored the mediating role of EO in a rapidly changing and digitalised environment.
Given such conditions, which characterise the DEE, start-ups are encouraged to behave entrepreneurially and understand whether the transformation occurring through digital technologies offers real business opportunities and social benefits. Entrepreneurs operating in digitally advanced ecosystems are usually better equipped to perceive and exploit such opportunities, leading to value creation. The shift towards digital environments also influences the type of skills required and cultivated within the education system, steering individuals towards digitally-focused entrepreneurial paths (Kansheba and Wald, 2022). 
On the one hand, digitalisation can be challenging since it requires important resources, takes a long time, and it can lead to unintended consequences such as job losses, obsolescence of certain industrial sectors, and loss of traditional values (Rossi et al., 2024). On the other, EO can be instrumental in contributing to overcoming these issues. Indeed, EO strengthens the start-up digitalisation path to survival or to becoming a pioneer in the market (Ritala et al., 2021) by proactively introducing innovative products and services (Cherbib, 2024). EO facilitates how start-uppers intuit and assess opportunities in the uncertain digital realm and then develop innovative projects, by enhancing digital capabilities (Ho et al., 2024). Thus, EO eases the achievement of digitalisation targets by stimulating start-ups to renew their strategies, processes and actions (Ritala et al., 2021). 
In light of the above arguments, we propose the following hypothesis:
H2. Entrepreneurial orientation mediates the relationship between the digital entrepreneurial ecosystem and the digitalisation of start-ups.

2.3 Revealing the implications of digitalisation on the performances of start-ups
Digitalisation is associated with several types of economic and managerial effects, including resource savings, increased efficiency and flexibility and, in turn, competitive advantage (Broccardo et al., 2023). Firms can combine entrepreneurial action and innovative products and services by leveraging digital platforms, tools and infrastructures (Elia et al., 2020). The rapid diffusion of digitalisation has promoted digital entrepreneurship and influenced the dynamics within the DEE (Colombelli et al., 2024), providing a fertile environment for the smooth operation of diverse entrepreneurial activities (Paul et al., 2023). While start-ups play an important socio-economic role, there is, as yet, little quantitative evidence of how digitalisation really affects these firms and their multidimensional performance (Ferraz et al., 2019).
Start-ups can use digital technologies to develop the key capabilities for exploiting the resources available within an ecosystem (Ladeira et al., 2019). In particular, digital technologies enable start-ups to deal with resource constraints (Rosin et al., 2020) and to reduce dependency on location-specific value chain assets and resources (Autio et al., 2018). Furthermore, digital technologies offer start-ups new functionalities, resulting in improved efficiency and flexibility (Rosin et al., 2020). Ladeira et al. (2019) showed that digitalisation enables small ventures to automatically collect and analyse data, which can, in turn, support start-ups by improving both the quality and the completeness of information that is transferred and used. Digitalisation also enables firms to identify risk factors in time since continuous access to real-time data provides managers with the opportunity to react before issues arise, resulting in potential cost savings (Hui, 2014).
Nevertheless, Rosin et al. (2020) found that cost savings can differ considerably between firms categorised as having achieved higher and lower levels of digitalisation. More recently, Kallmuenzer et al. (2025) have showed that small businesses see digitalisation as a set of helpful tools and practices that drive the performance of an enterprise which can benefit from improved connection to customers, and better management of external stakeholders. 
Overall, the digitalisation of internal and external processes enables start-ups to make their workflows more transparent (Rosin et al., 2020) and allows them to access a wider market since digital technologies have a broader reach than do traditional tools; this permits better positioning and increased revenues (Ladeira et al., 2019). 
Given the above arguments, we propose the following hypothesis:
H3a. Digitalisation positively influences the economic performance of start-ups.

Companies are increasingly moving towards stakeholder and employee orientation, recognising that their responsibilities extend beyond immediate shareholders to include the social communities in which they operate and the natural environment they impact (Autio et al., 2024). Nevertheless, the relationship between the digitalisation of start-ups and social performance is, as yet, largely underexplored (Ladeira et al., 2019) or has been ignored (Broccardo et al., 2023; El Baz and Ruel, 2024).  In this article, we consider social performance as a broad view of corporate responsibility (Wood, 2010). It is a method for addressing and enhancing any aspect or measure related to the rights, health and safety of employees, communities, shareholders and other stakeholders, and also influences society in general (El Baz and Ruel, 2024).
Regarding the relationship between digitalisation and social performance, the literature shows that existing empirical evidence is inconsistent (Grybauskas et al., 2022) since both the wide scope and the multifaceted nature of social performance mean its outcomes will vary greatly across geographical areas, industries and communities. However, measuring social impact can prove informative for understanding how a firm impacts on society, and for strengthening company value in the long term (OECD, 2022). Indeed, digitalisation may also enhance social performance by improving the perceptions of employees, suppliers and consumers (El Baz and Ruel, 2024) and, in turn, by fostering stronger relationships and benefits within and outside the firm (Ribeiro-Navarrete et al., 2021).
The digitalisation of start-ups could enhance diverse socioeconomic values in both the firm and within the DEE (Bejjani et al., 2023). On the one hand, there are social risks, often underestimated, that are related to the path a firm takes towards digitalisation, including potential job losses, cultural resistance to digitalisation, and the lack of a workforce equipped with the right digital skills and expertise to implement digital tools in an effective manner (Kallmuenzer et al., 2025). On the other hand, as digital technologies increasingly become more service-focused on human interactions (Sussan and Acs, 2017), they help start-ups to better engage with employees and customers, thus, in turn, improving their social performance. 
For employees, the use of Big Data and predictive analytics can have a positive and significant impact on the average gross wage and full-time employment for workers (Dubey et al., 2019). Asokan et al. (2022) found a positive relationship between digitalisation and the social performance of firms that use digital devices for remote work, or that experiment with other methods, to create a flexible work environment and improve the quality of life of employees without impacting their career development and job satisfaction. Furthermore, data ethics, including data ownership, sharing and integrity, can have a positive impact on the health and safety of employees and their families. Moreover, the use of traceability technologies, such as blockchain, might improve business practices by developing more transparent supply chains, ensuring appropriate procurement, and addressing product counterfeiting and tampering.
For consumers, online applications permit immediate replies to customer queries, either automatically for standard requests or with just-in-time answers through chat bots (Ladeira et al., 2019). Such technologies provide customers with a new consumption experience based on data collection, digital payments and customer relationship management systems (Rosin et al., 2020). 
In light of the above arguments, we propose the following hypothesis: 
H3b. Digitalisation positively influences the social performance of start-ups.

Digitalisation also enables scalable innovations, i.e. solutions, products, or processes designed to grow and adapt efficiently as demand or complexity increases, allowing for wider impact without losing performance or incurring disproportionate costs. However, there is still limited evidence about the relationship between digitalisation and innovation performance (Elia et al., 2020; Venâncio et al., 2023). The literature has shown that the use of digital technologies permits the introduction of diverse innovation outcomes, such as the creation of new products and services, that can be either digital or physical and can be adapted to specific use contexts (Garcia Martin et al., 2023). The use of digital technologies plays a key role in supporting functional operations and in shaping and innovating the strategies of firms, by fostering either small adjustments, or a redesigning of their business models (Kraus and Kraus, 2021). Indeed, such tools enable start-ups to experiment flexibly with different typologies of organisational arrangements for value creation, for delivery, and capture. The low cost of experimentation enables firms to identify which innovative business model practices work and to discard those that do not (Autio et al., 2024). By exploiting the resources, interactions, and networks enabled by the DEE, firms might also improve the digital innovation capabilities of their employees by upskilling, or even reskilling. 
Given the above arguments, we propose the following hypothesis:
H3c. Digitalisation positively influences the digital innovation performance of start-ups.

Figure 1 shows the conceptual model proposed in this study.
Figure 1 Conceptual model
[image: A diagram of a diagram
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Notes: The dashed arrow indicates the hypothesised mediating relationship.
Source: Authors’ elaboration.

3. Context of the study and research methodology
3.1 Sample and context
The initial population of our research was 1,753 Brazilian start-ups registered with the Associação Brasileira de Start-ups (Abstartups). The Abstartups list was chosen because it is the largest Brazilian start-up association, maintained as a public list (https://abstart-ups.com.br) with associated start-ups, including name and address, which are essential for data collection. Indeed, various reasons make the Brazilian DEE an interesting context for investigating the role of digitalisation. 
Brazil offers a dynamic context to examine the digitalisation of start-ups in an emerging economy. With a population of over 204 million citizens and projected GDP growth from US$ 10,000 per capita in 2023, to US$ 14,500 by 2029 (IMF, 2024), the country has experienced the fastest expansion of start-ups in Latin America. The technology sector alone accounts for nearly two-thirds of ventures in the region, and roughly half of the South American unicorns, i.e. a start-up that is valued at one billion dollars or more, are located in Brazil (Abstartups, 2024). This growth reveals the innovation potential of the country, yet only about 20% of start-ups growth with profitability (Epoca, 2023). Nevertheless, start-ups remain strategic drivers of development, with the capacity to reduce unemployment, promote innovation, and enhance the quality of life (Dana et al., 2022).
Furthermore, the country has structural barriers which might hinder the digitalisation of start-ups (Arruda et al., 2013): limited cooperation between universities and firms, unstable regulations, complex taxation, restricted financing, and low R&D investment (World Bank, 2023). Such constraints emphasise the need for stronger policy responses which should be based on both qualitative and quantitative evidence to better understand both the drivers and the implications of digitalisation in this context. 

3.2 Data collection
The data were collected through an online questionnaire drawn from the literature (see Appendix A). The questions were translated from English to Portuguese, and the initial questionnaire was pre-tested using 6 experts in the field (academics), and 5 start-up managers. This resulted in minor adjustments to the structure of the questionnaire and to the wording of the questions. A company specialising in academic research was employed so as to ensure widespread and effective distribution of the questionnaire.
Following the recommendations of Dillman et al. (2014), and starting from an initial sample of 1,753 Brazilian start-ups registered with Abstartups, approximately 680 start-ups were contacted, at random, to present the research objectives and agree data confidentiality. These start-ups disclosed their contact details, such as email and telephone number. An email was then sent to the start-up managers, who were asked to complete the online questionnaire. A second email was sent after two weeks and then again, in three weeks, to those managers who did not respond. The data were collected in February and March 2024. At the end of this process, 206 valid questionnaires were received (one questionnaire per start-up). This corresponds to approximately 30% of the target population and results in a sample comparable to those used in similar studies (Corvello et al., 2024; Kraus et al., 2023). Tables 1a and 1b offer an overview of the main characteristics of both managers and start-ups interviewed. 

Table 1a. Characteristics of managers		Table 1b. Characteristics of start-ups
	Age (years)
	Managers 
	
	Number of employees
	Start-ups 

	22-35
	80
	
	 1-5
	71

	36-50
	112
	
	 6-10
	81

	51+
	14
	
	 11-20
	27

	Education
	 
	
	 21+
	27

	High school
	2
	
	Business model
	 

	Graduation
	101
	
	B2C
	23

	MBA
	70
	
	B2B
	174

	Master’s/Doctorate
	33
	
	B2B2C
	9

	Tenure (years)
	 
	
	Sector
	 

	1-5
	161
	
	Education
	23

	6-10
	34
	
	Software development
	18

	11+
	11
	
	Health and well-being
	18

	Gender 
	 
	
	Finance
	15

	Female
	65
	
	Agribusiness
	12

	Male
	139
	
	Industry
	11

	Other
	2
	
	Other
	109


Source: Authors’ elaboration.

Data collection covered all regions in Brazil: the North (6%), North-east (9%), Central-west (5%), South-east (52%) and South (28%). This is a balanced geographical distribution of the start-ups included in the sample.
Both nonresponse and common method bias tests were also performed to verify the quality of the model. The tests do not report significant differences between early and late respondents in relation to the research constructs. No significant difference (p > 0.05) was found using the t test of the means of the variables included in the model. Furthermore, Harman’s single-factor test was performed on all items used in the analysis. The results suggest that common method bias is unlikely to be a concern, with the first factor explaining 35% of the total variance.

3.3 Measures and data analysis
The questionnaire was based on constructs already established and validated in the literature. The measurement of the construct items, scales and background literature are presented below.
Digital Entrepreneurial Ecosystem refers to the interconnected environment of actors, resources, institutions, and infrastructure that enables start-ups to pursue digitalisation. As already anticipated, a well-developed DEE enhances the ability of start-ups to access knowledge, capital, and networks, thereby supporting their innovative and growth-oriented activities (Venâncio et al., 2023). This ecosystem operates through continuous interactions among its actors and structures, encouraging collaboration, knowledge exchange, and effective resource mobilisation (Dutta and Khurana, 2024). Unlike the geographical focus of the EE, the DEE enables actors to collaborate across industries, and beyond both organisational (Cennamo et al., 2020) and geographical boundaries (Audretsch et al., 2024), by leveraging on digital infrastructure and new technologies. We measured the DEE using three factors: resources, institutions, and infrastructure. This second-order construct incorporates demand and conditions for innovation, the institutional environment, and infrastructure supporting digitalisation. The first dimension, resources, was assessed with seven items reflecting demand, conditions, and shifts within the ecosystem. This included measures of financial inclusion, digital currency adoption, and mobile digital payments. We also evaluated the ease of access to finance for start-ups and their capacity to attract and retain talent. The second dimension, institutions, plays the role of the institutional environment in fostering a supportive ecosystem for start-ups. This incorporates conditions affecting start-up operations, such as the legal framework, tax and regulatory policies, intellectual property rights, and investor protections. Furthermore, managers were asked to evaluate the extent to which government institutions were supporting the digital ecosystem through ICT facilitation, digital technology initiatives, and by fostering telecom competition. The third dimension combines both physical and digital infrastructure. It concerns communication sophistication, access to financial institutions and electronic payments, and the quality of transportation and logistics. Seven items were used to assess the first and second dimensions, while three items assessed the third. Each item employed a 7-point Likert scale, ranging from 1 (very low) to 7 (very high).
Digitalisation is based on the use of digital technologies, such as social networks, mobile, analytics, cloud, and Internet of Things to seize new business opportunities, to improve existing processes, or to ameliorate user experiences, thereby adding customer value (Verhoef et al., 2021). Digitalisation implies connecting digital technologies and integrating new sociotechnical structures into all areas of business and society, enabling start-ups to improve their performance (Crespo et al., 2023; Kraus et al., 2023). This construct was measured using three dimensions: digitalisation of products and services (4 items), digitalisation of processes (6 items), and digitalisation of client interaction (4 items) based on Crespo et al. (2023). Here too, each item was measured on the (same) 7-point Likert Scale. The first dimension, digitalisation of products and services, was assessed with four items reflecting the ability of start-ups to leverage digital opportunities. This included the level of digitalisation relative to competitors, the extent to which digitalisation opportunities are exploited in product and service development, recent implementation of digital business ideas, and responsiveness in adopting new digital offerings. The second dimension, digitalisation of processes, captured the integration of digital technologies in operational processes. This included feedback integration from customers and partners, frequent use of digital tools to support processes, for example production, commercialization, the adoption of digital channels such as mobile and social media, data-driven decision-making, digital channel integration in core processes, and the use of metrics to monitor digital effectiveness. The third dimension, digitalisation of client interaction, evaluated the degree to which client interactions are digitally managed. This included: the ability of the start-up to handle customer requests through digital technologies; the digital nature of the customer journey; multi-channel digital engagement; and, personalised marketing and communication through customer data, for example, through Customer Relationship Management (CRM). 
Entrepreneurial orientation: this can enhance the relationship between DEE and digitalisation through practices, structures and behaviours designed to innovate, take considerable risks and be proactive (Matsuno et al., 2002; Lonial and Carter, 2015). This promotes the adoption of tools for digitalisation, exploring new solutions (Naldi et al., 2020), and anticipating opportunities before competitors (Kraus et al., 2023).  EO captures the level of innovativeness, risk-taking, and proactiveness. Each item was measured on a 7-point Likert scale, but with 1 indicating “completely disagree” and 7 indicating “completely agree”. 
Innovativeness was assessed, with three items, evaluating the start-up approaches to introducing new products and services. This included a focus on being first-to-market; promoting innovative marketing strategies, despite potential failures; and, prioritising creative problem-solving over conventional solutions. The risk-taking dimension (3 items) captured attitudes to risk in the start-up management’s approach. This comprised the extent to which top management prefers to “play it safe”, prioritising risk-reducing processes over transformative initiatives, and only implementing plans when outcomes are almost certain. Proactiveness (3 items) assessed the orientation of start-ups towards identifying and leveraging opportunities in changing markets. This included seeing market changes as positive opportunities, and a tendency for team members to emphasise opportunities rather than focusing on problems.
Economic performance was measured in accordance with previous studies (Ahmad and Seet, 2009; Hooi et al., 2016) using 4 questions related to increase in sales, business growth, profitability and market value. Digitalisation benefits economic performance by expanding the market reach of start-ups, with improved financial and non-financial results. This dimension assessed whether start-up sales were increasing, whether the start-up was experiencing business growth, whether the business is profitable, and whether the market share is expanding.  As before, 7-point Likert scale was used to measure the items: from 1 (completely disagree) to 7 (completely agree).
Social performance was measured with 7 items based on the studies of Turkey (2009) and Hooi et al. (2016). To measure the items, the same 7-point Likert scale as above was used. It has been argued that digitalisation improves social performance by strengthening employee and customer engagement, thus raising quality of life at work (Bejjani et al., 2023; Dubey et al., 2019). This construct reveals whether the start-up contributes to campaigns and projects promoting rights and health, encourages employee participation in volunteer activities, and emphasises the importance of social responsibility. It also shows whether the organisation encourages employees to seek education, to develop their skills and careers, whether the firm is primarily concerned with the needs and wants of employees, and, lastly, whether the organisation implements flexible policies for work-life balance.
Digital innovation performance was measured using a scale developed by Tippins and Sohi (2003), Vickery et al. (2003), and Liang and Frösén (2020). This scale has been applied by recent articles, including Arias-Pérez et al. (2022) and Ribeiro-Navarrete et al. (2023). Digitalisation improves performance in digital innovation because it enables experimentation of business models and the creation of new products and services. This dimension evaluated the competitive ability of start-ups to deliver digital solutions, including the frequency, success rate, and quality of these solutions compared to those of competitors. It specifically assessed whether the start-up takes more digital solutions to market than competitors, whether it has a larger number of successful digital solutions, and whether the time to market for its digital solutions is shorter. Furthermore, it measured whether the quality of digital start-up solutions is superior and, whether these solutions are innovative and were new to the market at the time of launch.
Moreover, we checked for manager demographic characteristics, age and gender, as well as start-up maturity (measured by years of operation) and size (quantified by the number of employees). Managers with greater seniority, owing to their extensive experience and established relationships, are expected to be more effective in building and managing relationships with stakeholders in the DEE. This is likely to have a positive impact on both digitalisation efforts and on the overall performance of a start-up. We included gender (male or female) because women tend to achieve better economic performances (Lunkes et al., 2020). Maturity is calculated as the number of years a start-up has been in operation since it was founded. The size of the start-up was assessed by the number of employees, providing a quantitative measure of organisational scale.
We used structural equation modelling for data analysis and hypothesis testing, using partial least squares (PLS-SEM). This approach is appropriate given the exploratory nature of our study, the relatively small sample size, and it accommodates non-normally distributed data and reflective constructs (Hair et al., 2017). PLS-SEM regression enables researchers to analyse complex relationships among multiple variables simultaneously, facilitating the development of new theoretical models. Moreover, it permits estimation of both measurement and structural models, facilitating a comprehensive understanding of the interrelationships among constructs and handling reflective constructs. This is relevant for our study, as we investigate factors affecting start-up performance (Corvello et al., 2024). 
The following section presents the results of the measurement model, which assesses the reliability and validity of the constructs, followed by the outcomes of the hypothesis tests that evaluated the proposed relationships among variables.

4. Measurement model assessment and hypothesis testing
4.1 Measurement model assessment
We assessed the measurement model and considered the consistency and validity of the constructs used in this study. Since the constructs are relatively recent in the literature, a careful analysis of the factorial loading was undertaken. Accordingly, the development of the measurement model entailed an evaluation of indicator reliability. All constructs demonstrated internal consistency, with composite reliability values exceeding the 0.70 threshold (Hair et al., 2017). Moreover, the validities were assessed. The results demonstrate that all the constructs are valid in terms of either convergence or discriminant criteria. The convergent validity criteria show that the average variance extracted (AVEs) are above the threshold of 0.50. The discriminant validity reports that the autocorrelation is higher than the correlation of the explored construct with others (see Fornell Larcker criteria). This is reinforced by the Heterotrait–Monotrait Ratio (HTMT), which shows that all the indicators are below 0.85 (Hair et al., 2017).

Table 2. Measurement model
	 Variables 
	
	
	 
	
	CR rho_c
	AVE
	R2
	R2
Adjust
	Max. VIF
	

	1. DEE
	
	
	 
	
	0.855
	0.654
	-
	-
	1.537
	

	2. Digitalisation
	
	
	 
	
	0.847
	0.655
	0.356
	0.350
	1.573
	

	3. Entrepreneurial orientation
	
	
	 
	
	0.791
	0.565
	0.086
	0.082
	1.548
	

	4. Economic performance
	
	
	 
	
	0.880
	0.647
	0.304
	0.283
	2.291
	

	5. Social performance
	
	
	 
	
	0.806
	0.511
	0.189
	0.164
	1.511
	

	6. Digital innovation performance
	
	
	 
	
	0.852
	0.537
	0.309
	0.288
	1.813
	

	Panel A: Fornell-Larcker
	
	
	
	
	
	
	
	
	
	

	Variables
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. DEE
	0.809
	
	
	
	
	
	
	
	
	

	2. Digitalisation
	0.456
	0.809
	
	
	
	
	
	
	
	

	3. Entrepreneurial orientation
	0.294
	0.502
	0.752
	
	
	
	
	
	
	

	4. Economic performance
	0.492
	0.396
	0.427
	0.805
	
	
	
	
	
	

	5. Social performance
	0.259
	0.399
	0.468
	0.262
	0.715
	
	
	
	
	

	6. Digital innovation performance
	0.416
	0.509
	0.573
	0.535
	0.397
	0.733
	
	
	
	

	7. Age
	0.017
	-0.026
	0.117
	-0.007
	0.123
	0.072
	-
	
	
	

	8. Maturity
	-0.017
	0.093
	0.086
	0.136
	-0.010
	0.062
	0.149
	-
	
	

	9. Gender
	0.056
	0.083
	0.036
	-0.032
	0.084
	0.040
	0.160
	0.074
	-
	

	10.Size
	0.102
	0.160
	-0.043
	0.147
	0.037
	0.060
	-0.037
	0.269
	0.118
	-

	Panel B: Heterotrait-Monotrait Ratio (HTMT)

	Variables
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. DEE
	-
	
	
	
	
	
	
	
	
	

	2. Digitalisation
	0.558
	
	
	
	
	
	
	
	
	

	3. Entrepreneurial orientation
	0.408
	0.654
	
	
	
	
	
	
	
	

	4. Economic performance
	0.582
	0.461
	0.553
	
	
	
	
	
	
	

	5. Social performance
	0.356
	0.534
	0.666
	0.344
	
	
	
	
	
	

	6. Digital innovation performance
	0.494
	0.605
	0.783
	0.659
	0.536
	
	
	
	
	

	7. Age
	0.116
	0.104
	0.144
	0.027
	0.150
	0.083
	
	
	
	

	8. Maturity
	0.110
	0.115
	0.098
	0.148
	0.075
	0.077
	0.149
	
	
	

	9. Gender
	0.140
	0.123
	0.094
	0.037
	0.102
	0.055
	0.160
	0.074
	
	

	10.Size
	0.127
	0.184
	0.158
	0.160
	0.069
	0.108
	0.037
	0.269
	0.118
	-


Notes: In panel A, the diagonal refers to the square root of the AVE. In panel B, the HTMT criterion is also used for discriminant validity. DEE: Digital entrepreneurial ecosystem. CR: Composite reliability.
Source: Authors’ elaboration.

4.2 Structural model
We assessed the hypothesised relationships through a structural model, using bootstrapping techniques, following previous literature that used SEM for the analysis of the results. Our findings indicated that DEE is positively associated with the digitalisation of start-ups (β=0.337, p<0.01), demonstrating that the resource, institutional, and infrastructure dimensions of the DEE have led start-ups to develop digitalisation skills, also generating economic, social and innovation improvements. Thus, H1 is confirmed.
Regarding H2, our assumption was that EO mediates the relationship between the DEE and digitalisation. This hypothesis is also supported (β=0.119, p<0.01), suggesting that, precisely because start-ups consider risk-taking, innovativeness, and proactivity, their level of digitalisation increases. The aim of our study (H3), is to assess to what extent digitalisation affects performance outputs in start-ups. Our findings show that digitalisation has a significant and positive influence on the economic performance of start-ups (β=0.200, p<0.05); thus, H3a is supported. Furthermore, the results reveal that digitalisation exerts a significant and positive impact on the social performance of start-ups (β=0.367, p<0.01). This means that H3b is also supported. Moreover, digitalisation exerts a significant and positive effect on the digital innovation performance of start-ups (β=0.409, p<0.01). Thus, H3c is confirmed. The findings also reveal that more mature start-ups tend to achieve higher economic performance, and that when start-ups are handled by older managers they on average, record higher social performance.
 
Table 3. Structural model.
	Relationship 
	β
	T-value
	P-values

	DEE  Digitalisation
	[bookmark: _heading=h.63u0eo72c7hg]0.337
	3.883
	0.000***

	DEE  Entrepreneurial orientation
	0.294
	5.394
	0.000**

	DEE  Economic performance
	0.403
	2.824
	0.005***

	DEE  Social performance
	0.088
	1.355
	0.175

	DEE  Digital innovation performance
	0.233
	2.982
	0.003***

	Entrepreneurial orientation  Digitalisation
	0.403
	6.072
	0.000***

	Digitalisation  Economic performance
	0.200
	2.372
	0.018**

	Digitalisation  Social performance
	0.367
	4.291
	0.000***

	Digitalisation  Digital innovation performance
	0.409
	6.349
	0.000***

	Indirect effects
	 
	 
	 

	DEE  Entrepreneurial orientation 🡪Digitalisation
	0.119
	3.466
	0.001***

	DEE  Digitalisation 🡪Economic performance
	0.067
	2.201
	0.028**

	DEE  Digitalisation 🡪Social performance
	0.124
	2.786
	0.005***

	DEE  Digitalisation 🡪Digital innovation performance
	0.138
	3.282
	0.001***

	Control variables
	 
	 
	 

	Age  Economic performance
	-0.011
	0.189
	0.850

	Age  Social performance
	0.134
	2.166
	0.030**

	Age  Digital innovation performance
	0.076
	1.229
	0.219

	Maturity  Economic performance
	0.118
	2.267
	0.023**

	Maturity  Social performance
	-0.061
	0.913
	0.361

	Maturity  Digital innovation performance
	0.027
	0.444
	0.657

	Size  Economic performance
	0.052
	1.116
	0.264

	Size  Social performance
	-0.013
	0.232
	0.817

	Size  Digital innovation performance
	-0.031
	0.578
	0.563

	Gender  Economic performance
	-0.182
	1.480
	0.139

	Gender  Social performance   
	0.072
	0.475
	0.635

	Gender  Digital innovation performance
	-0.038
	0.293
	0.769


Notes: n = 206 observations; the levels of significance are reported as follows*: *p < 0.10. **p < 0.05. ***p < 0.01. Two-tailed paths were tested. DEE: Digital entrepreneurial ecosystem.
Source: Authors’ elaboration.

4.3 Robustness analysis
We investigated the relationship between digitalisation and start-up outcomes, such as economic and social performance and digital innovation performance, by examining the interaction between EO and digitalisation. The robustness tests had shown that EO moderates only the relationship between digitalisation and digital innovation performance (β=0.177, p<0.05). This finding suggests that EO tends to align with innovation rather than with economic and social performance. One possible explanation lies in the nature of the digital skills that start-ups develop, which may drive firms towards innovation than to more “traditional” metrics, for example economic performance. Furthermore, the robustness tests showed that our main results held, thus demonstrating the consistency of the predicted model.

Table 4. Structural model for moderating role of entrepreneurial orientation.
	Relationship 
	[bookmark: _heading=h.52h8qos475po]β
	T-value
	P-values

	DEE  Digitalisation
	0.456
	6.229
	0.000***

	DEE  Economic performance
	0.373
	2.432
	0.015**

	DEE  Social performance
	0.059
	0.970
	0.332

	DEE  Digital innovation performance
	0.175
	2.182
	0.029**

	Digitalisation  Economic performance
	0.071
	0.767
	0.443

	Digitalisation  Social performance
	0.118
	1.271
	0.204

	Digitalisation  Digital innovation performance
	0.303
	3.134
	0.002***

	EO  Economic performance
	0.295
	3.220
	0.001***

	EO  Social performance
	0.380
	4.827
	0.000***

	EO  Digital innovation performance
	0.412
	4.811
	0.000***

	Interaction effect 
	 
	 
	 

	Digitalisation x EO  Economic performance
	0.029
	0.366
	0.715

	Digitalisation x EO  Social performance
	-0.123
	1.500
	0.134

	Digitalisation x EO  Digital innovation performance
	0.177
	2.277
	0.023**

	Control variables
	 
	 
	 

	Age  Economic performance
	-0.051
	0.857
	0.391

	Age  Social performance
	0.109
	1.740
	0.082*

	Age  Digital innovation performance
	0.002
	0.030
	0.976

	Maturity  Economic performance
	0.100
	2.241
	0.025**

	Maturity Social performance
	-0.092
	1.641
	0.101

	Maturity  Digital innovation performance
	0.020
	0.380
	0.704

	Size  Economic performance
	0.096
	1.817
	0.069*

	Size  Social performance
	0.039
	0.645
	0.519

	Size  Digital innovation performance
	0.038
	0.649
	0.517

	Gender  Economic performance
	-0.174
	1.433
	0.152

	Gender Social performance
	0.084
	0.586
	0.558

	Gender  Digital innovation performance
	-0.034
	0.287
	0.774


Note: N = 206 observations; the levels of significance are reported as follows*: *p < 0.10. **p < 0.05. ***p < 0.01. Two-tailed paths were tested. DEE: digital entrepreneurial ecosystem. EO: entrepreneurial orientation.
Source: Authors’ elaboration.

5. Discussion
This article has sought to answer the following research questions: RQ1) What are the key drivers of start-up digitalisation within a DEE? RQ2) In what way does entrepreneurial orientation operate within a DEE? RQ3) How does digitalisation influence the economic, innovative, and social performance of start-ups within a DEE?
As for RQ1, it was hypothesised that the DEE positively influences the level of digitalisation of start-ups. Our findings show that the dimensions of the DEE, namely resources, institutions, and infrastructures, do contribute to strengthening the digitalisation of start-ups. This approach broadens the understanding of the factors driving start-up development in an emerging economy, as Brazil. This country has a robust domestic market, with over 213.4 million inhabitants and a middle class that demands innovative solutions, especially in sectors such as luxury (travel, gastronomy, and real estate), the pet market (the third largest in the world), beauty, health, and digital consumption. This scenario is tied to specific public financial incentives, for example Programa Centelha, Sebrae Startups, BNDES Garagem, and the legal framework for start-ups and innovative entrepreneurship (Brasil, 2021). There are also large urban centres with infrastructure favourable to technological development, such as São Paulo, Florianópolis, and Recife, where digital resources, mentoring networks, and collaborative environments are concentrated (TI Inside, 2025). 
By adopting the conceptual framework proposed by Sussan and Acs (2017) and Venâncio et al. (2023), we have sought to broaden understanding of the critical role played by institutional factors, resources, and infrastructures. Complex ecosystem interactions, in particular, favour productive and growth-oriented entrepreneurship (Dutta and Khurana, 2024). Indeed, when these interactions are amplified by a digital layer, new forms of cooperation and competition emerge (Venâncio et al., 2023). The quality of digital infrastructure, the level of digital knowledge and skills, and the way digital technologies facilitate entrepreneurial behaviours and processes, are crucial qualitative elements of the ecosystem. These directly influence EO, improve outcomes, and promote positive entrepreneurial attitudes (Kansheba and Wald, 2022). Our findings confirm the importance of the degree of development of the DEE in facilitating start-up digitalisation, due to factors such as clear legal and tax frameworks, incentives for both start-ups and their investors, and consumer engagement in the digital domain. 
Regarding RQ2, it was hypothesised that EO mediates the relationship between DEE and the start-up digitalisation. The ecosystem favours conditions such as resources, infrastructures and interactions among actors, leading start-ups to internalise and become proactive, risk-takers and take innovative action which is underpinned by entrepreneurial behaviour (Naldi et al., 2020). This is even more important in digitalised environments where start-ups should implement actions and test new methods faster to deal with a rapidly changing context (Wales et al., 2021). In this sense, EO functions as the mechanism that translates DEE resources, infrastructures and interactions into the strategic actions that drive digitalisation of start-ups, and then, influence the multidimensional performance of these firms. Without this mediation, the effects of the DEE would tend to disperse or not even be converted into effective practice. 
Furthermore, our results suggest that the association between EO and digital innovation performance is but a first step, which may eventually lead to economic growth and profitability. Previous research has shown that EO is more closely associated with innovation performance than with financial performance, suggesting that sectoral characteristics, and other contingency factors in which start-ups operate, may result in greater emphasis being placed on innovation than on immediate financial returns (Alegre and Chiva, 2013). 
 Regarding RQ3, it was hypothesised that digitalisation positively influences the economic, innovation and social performance of start-ups. Our findings revealed that digitalisation does significantly improve all these performances. These results match, and extend, previous works by Ladeira et al. (2019) and Abubakre et al. (2021). Digitalisation exerts a positive impact on the economic performance of start-ups by boosting sales, and increasing market share and profits. Furthermore, digitalisation within a DEE contributes to promoting the design, development and the diffusion of digital solutions in terms of quantity, quality, and innovation. 
While only a few studies have, as yet, investigated the role of EEs in encouraging sustainable entrepreneurial behaviours (Pizzi et al, 2022) and the latters’ capacity to contribute to solving social issues (Ferreira et al., 2023), our analysis suggests that, within the DEE, start-ups can improve the work-life balance of their employees, by selectively adopting digital technologies. Digital tools can enable new, flexible ways of working, of generating well-being, by balancing work and personal life – for example remote work- as well as by creating new opportunities for professional growth and training. The use of digital technologies tends to improve internal communication and worker autonomy, and increase the transparency of organisational processes and of the efficiency of work routines, thus contributing to improved work conditions and to socially responsible practices in start-ups. However, the non-significant direct relationship between DEE and social performance may be due to diverse factors. First, social performance may not be directly, or immediately, influenced by DEE activities, which tend to prioritise economic and innovation outcomes, rather than social. Second, contextual constraints in emerging economies, such as regulatory complexity, limited resources, and market instability, may hinder start-ups which seek to transform digital capabilities into social impact.
 The results also show that mature start-ups are more likely to achieve higher economic performance. This could suggest that, in the mature stages of the life cycle, start-ups prioritise economic returns over innovation-driven outcomes. Drawing on Freisinger et al. (2021), we would suggest that, during the early stages, innovation is more strongly emphasised, as start-ups are in a decisive step that will determine whether they will achieve their objectives or not, whereas in later stages, the business model becomes more established, reflecting a shift in strategic priorities from growth through experimentation, to increasing economic returns. 
The findings also revealed that those start-ups operated by older managers achieve, on average, higher social performance. Likewise, in the case of CEOs of multinationals operating in emerging economies (Attah‑Boakye et al., 2024), older managers of start-ups tend to have a wider perspective on matters regarding the social dimension of their business activity, both that of their employees and of local communities. In emerging economies, like Brazil, where institutions are not as strong, older managers might well have developed the sensitivity, and the skills needed to achieve economic goals, even while pursuing the creation of social values. Older managers are more likely to understand the needs of employees, in terms of training and career advancement, and to implement practices and policies for a good work-life balance.  

6. Limitations and avenues for future research
The methodological strategy adopted, and the features of the context of analysis, may explain some of the limitations of this quantitative study. When gathering information through questionnaires, we relied on the perceptions of start-up managers regarding DEE drivers, the level of digitalisation, EO, and economic, social, and digital innovation performance. By limiting ourselves to the perception of start-up managers, we could disregard both other internal actors and sectoral differences.
On the one hand, the robustness tests showed that our main results held, thus demonstrating the consistency of the predicted model and that, as far as possible, any potential bias or subjectivity may have been, largely, avoided. On the other hand, the authors might have missed some important drivers of digitalisation related to the specific context of analysis, thus underestimating the extent of digitalisation and its socioeconomic implications. Therefore, these results should be generalised with caution. Indeed, framework and systemic conditions of ecosystems may vary depending on both current resources and those to be acquired (Audretsch and Belitski, 2021). Empirical evidence could be collected from other sectors and other emerging economies. In particular, comparative studies of DEEs could be conducted to further understand the mechanism through which DEEs affect start-ups, thus enhancing the consistency and generalisability of these findings. 
Given the cross-sectional nature of our data, this article presents a static representation of the DEE at a specific moment in time. Thus, future research could benefit from utilising longitudinal data to explore the evolution of the DEE over time, and the relationships among its actors. Furthermore, scholars could explore other drivers, or inhibitors, of DEE that could impact digitalisation. This could include factors such as the availability of internal knowledge, and internal conditions, for example organisational culture, incentives, variable remuneration for new ideas, organisational structure, and leadership styles.
Moreover, future studies could involve fuzzy set qualitative comparative analysis (fsQCA) to capture complex, non-linear relationships and to identify multiple pathways to high performance, rather than assuming a single causal effect. Implementing fsQCA would therefore offer a more nuanced understanding of how different combinations of DEE factors interact.
Further research should address whether, and to what extent, the DEE influences start-ups at different developmental stages, namely, the seed, early, and growth stages. To do this, the sample of start-ups could be broadened by adding more diverse industrial sectors to enrich survey outcomes, thus strengthening the generalisability of the results.

7. Conclusion
This article has integrated the DEE and the institutional perspective of ecosystems, in order to scrutinise the impact of the DEE on the economic, innovative, and social performance of start-ups. Structural equation modelling was employed to test hypotheses using data from 206 Brazilian start-ups. Findings have revealed that the DEE components (resources, institutions, and infrastructures) play a key role in supporting the digitalisation of start-ups in an emerging economy. Results also showed that the DEE directly leads to increased economic and digital performance in start-ups. Furthermore, this study has sought to contribute to the EO theory by exploring its mediating function: innovation, proactivity, and risk-taking enhance DEE elements in leveraging digital technologies for product and service development, processes, and customer engagement. As digital tools are adopted and EO is embraced, positive effects can be also observed in the social domain. 
The following sections present the theoretical contribution of this article and propose a selection of insights into managerial and policy domains.

7.1 Theoretical contribution
This study further integrates the growing stream of research on DEE and the institutional perspective of entrepreneurial ecosystems, by exploring the impact of DEE on start-up performance. While Colombelli et al. (2024) examined the relationship between DEE characteristics and the creation of innovative start-ups in an advanced country, Italy, we have examined the effects of DEE on the economic, innovation and social outcomes of start-ups in an emerging country. Collecting such evidence is useful for informing future actions, since Brazil has increasingly been investing in start-up development in recent years, and other emerging economies are doing the same (Brasil, 2021). By addressing the need to discover the firm perspective (Stam and van de Ven, 2021), we also build on the work of Pigola et al. (2024) who assessed the impact of DEEs on sustainability in Latin America. While DEE might play a key role in fostering sustainable development, by stimulating the creation of innovative digital solutions (Pigola et al., 2024), our study investigates the mechanisms that enable start-ups to exploit the potential of a DEE - in particular the exchange of knowledge, resources, and technological advancements - improving, in turn, their multidimensional performance.
Second, the analysis investigates the relationships between the DEE, EO and digitalisation, which reveals the mediating role played by EO in rapidly changing and digitalised environments (Penco et al., 2023). We advance previous studies that examined the role of EO as a mediator (Bao et al., 2011; Lanivich et al., 2025; Soininen, 2013). In particular, our results combine EO theory with the conceptual framework of DEE, by demonstrating that the dimensions of innovation, proactivity, and risk-taking, enhance entrepreneurial ecosystem through the use of digital technologies for developing products, services, processes, and customer interactions. 
Third, this article contributes to current research based on the institutional perspective of entrepreneurial ecosystems (Audretsch and Belitski, 2021; Audretsch et al., 2025) by integrating the key components of the DEE, in order to understand the potential of DEE, and the implications of start-up digitalisation which are still underexplored in emerging countries in the digital age (Leão et al., 2023).

7.2 Managerial implications
The results contribute to suggesting a selection of practices for the growth of start-ups by highlighting the key role of DEE factors in the digitalisation of these firms. Our findings may help nascent entrepreneurs and managers to understand some of the unique characteristics and impacts of DEEs during both study and diagnostic phases, thus establishing optimal configurations to transform ideas into successful ventures. A thorough understanding of the DEE can facilitate the analysis of several key aspects for start-up development, including market segment, changes in demand, cost, growth, potential competitors, and value chain structure. The findings also reveal the importance of start-up managers implementing agile routines and workflows, facilitating quick decision-making and feedback. For example, establishing an organisational culture based on flexibility, using agile informal routines and processes, as opposed to structured and complex planning and budgeting processes. This includes digital training programmes for employees and agility in digital communication using collaboration platforms.
Cooperation with stakeholders within the DEE is also crucial since it serves as a driver to enhance digitalisation and innovation performance - introduction of new products and services - in turn improving the economic performance of start-ups. For cooperation with other stakeholders to produce the expected results, it is essential to align cultural and structural differences. For example, managers need to constantly align the short-term interests of their start-up with the long-term interests of investors, as well as differences in the firm’s agility and flexibility, with slow and bureaucratic processes of larger companies, banks, and suppliers. Another aspect that start-up managers should be aware of is related to the disparity in the allocation of resources and effort, property rights, and the division of the results generated by cooperation. By facilitating the adaptation of digital technologies, collaboration can support start-ups in understanding the opportunities offered by the business environment, as well as designing products and services that address specific needs, and contribute to supporting entrepreneurial growth at the local level.
Furthermore, start-up managers should promote entrepreneurial behaviour among their collaborators because, doing so, makes it easier to achieve start-up objectives in digitalising products and services, processes, and customer interactions. Start-up managers should also invest in strengthening digital literacy among their employees, in order to better deal with future shifts in technologies and markets in increasingly uncertain and complex environments. The ability to constantly and innovatively analyse and use the data collected is of utmost importance for ensuring a firm competitiveness. To overcome practical challenges and lack of competence in keeping high level of digital literacy, start-ups can cooperate with universities and large companies which can co-design training programmes addressing the real needs of collaborators and start-ups.

[bookmark: _heading=h.1cv7vvmnbwqf]7.3 Policy implications
This article proposes a selection of implications for entrepreneurship and technology policies, namely intertwined governmental and institutional efforts to encourage innovation, economic growth, and start-up creation by supporting technological development and its commercial application. Establishing a supportive DEE by providing incentives for innovation is a key driver for the creation and growth of new businesses, especially in emerging countries such as Brazil. Although Brazil and most emerging countries face higher political and economic constraints, policy-makers should be aware of the most critical conditions enabling supportive DEEs and their impact on promoting cooperative and productive entrepreneurship. Identifying such conditions is strategic for not only achieving start-up growth and ensuring their survival, but also for catalysing their social performance and impact. This requires a combination of infrastructures and financing sources, along with complementary nonmonetary support measures that would seem to be more productive than standards and regulations (Petti et al., 2024). These nonmonetary measures include ICT resources, flexible working, gender balance in employment, and the health and safety of employees and their families, coupled with stable and clear regulations and tax obligations aimed at simplifying the business environment. 
As emphasised by Pigola et al. (2024) the future of DEEs in Latin America strongly depends on setting a favourable and stable regulatory environment. As for Brasil, consider that more than 65% of Brazilian start-ups never received any funding (Abstartups, 2024) and have difficulties accessing capital and credit. In addition, they face growing government and tax bureaucracy, insufficient, inadequate, physical and digital infrastructures, and a shortage of specialised human resources (Sebrae, 2024). To create a more favourable entrepreneurial ecosystem, the country has recently passed laws such as the Legal Framework for start-ups and Lei do Bem. 
Furthermore, policy-makers should favour networking opportunities for start-ups since these firms require more than other companies, supportive networks of ICT suppliers, universities, and trade associations, which facilitate access to resources and capabilities within the DEE. This is especially relevant for Latin American countries facing regional technological, political, and financial disparities (Hajli et al., 2025). To bridge this gap, policy-makers should support university-industry collaboration by co-designing and co-financing programmes for research, training and education, aimed at addressing specific local needs. This would provide new ventures with technical and talent support, by turning scientific outcomes and entrepreneurial training into impactful actions. Policy-makers should also enhance the capacity of the DEE in developing digital entrepreneurship by cooperating with incubators and accelerators which offer specialised programmes, mentorship, and physical and digital spaces for start-uppers. Moreover, digital infrastructures are crucial within the DEE. This means that investments in the telecommunications industry are strategic in order to strengthen digital connectivity and accessibility. The latter, in turn, contributes to promoting both the creation and growth of start-ups, and their capacity to innovate. 
When strengthening the conditions for entrepreneurship within DEEs, policy-makers should be aware of the potential role of start-ups in contributing to addressing socioeconomic challenges. Entrepreneurial initiatives are crucial, especially in emerging economies, for generating wealth and employment opportunities, as they constitute a pathway out of poverty. Indeed, Brazilian start-ups represent 62.9% of the start-up population in Latin America and have received R$ 9 billion in venture capital investments (Abstartups, 2024). These companies also cooperate with Brazilian industries for industrial technological development: about 10% of industrial innovations were carried out by start-ups in 2024 (Pintec, 2024). In addition, start-ups have strong social relevance since they generate approximately 200,000 direct jobs (Sebrae, 2024). If, on the one hand, new digital technologies could lead to a loss of “traditional” jobs, on the other hand, they can foster new ones which require upskilling and reskilling of workers (Huang, 2024). In addition, the social and environmental dimensions of entrepreneurship should be promoted, making it more inclusive and resilient at the local level. To do so, policy-makers might design grants, subsidies, tax incentives, loan guarantees and investment funds, to encourage private and public investment specifically targeted at social- or environmental-driven start-ups.
Overall, policy-makers should prioritise monitoring, evaluating and interpreting the evolving characteristics of DEE, the roles of its actors, the challenges it faces, and its impacts on the economic, social, and environmental performance of start-ups. A thorough understanding of these elements is crucial to ensure the effectiveness of policies.
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Appendix A. Measurement instrument
	
	Loadings 1a. order
	Loadings 2a. order

	Digital Entrepreneurial Ecosystem – Adopted from Venâncio et al. (2023)
	
	

	Resources
	
	0.851

	State of the human condition - consumer ability and willingness to spend, extent of digital skills
	0.627
	

	Degree of digital payment use - degree of financial inclusion, use of digital money; use of mobile digital money*
	-
	

	Degree of device and broadband use - device adoption and density; mobile and fixed connection uptake digital consumption*
	-
	

	Digital inclusion - gender digital divide, class digital divide, rural digital divide
	0.610
	

	Inputs - financing options and opportunity, start-up capacity, ability to attract and retain talent pool
	0.719
	

	Processes - sophistication of business practices, R&D
	0.714
	

	Outputs - value capture, value creation
	0.676
	

	Institutions
	
	0.898

	Institutions and the business environment - the legal environment, tax and regulatory policy, IP and investor protections, and bureaucracy
	0.647
	

	Institutions and the digital ecosystem - government use and use of ICT and digital technology; telecom competition
	0.576
	

	Institutional effectiveness and trust - transparency, rule of law, regulatory quality
	0.654
	

	Users feel trust in the digital environment (trust in the feelings of guarantors)*
	-
	

	All users are engaged in the digital environment (digital media consumption, tolerance of friction, payment sophistication, use of e-commerce and mobile payments, use of social media, use of technology)
	0.705
	

	We have the mechanisms to build trust in the digital environment ( accountability, privacy, and security)*
	-
	

	Users experience an environment of digital trust (access friction, infrastructural friction, and interaction friction)
	0.649
	

	Infrastructures
	
	0.657

	Access infrastructure - communications, sophistication, and coverage; security*
	-
	

	Transaction infrastructure - access to financial institutions, electronic payment options
	0.642
	

	Fulfillment infrastructure - quality of transportation infrastructure, logistics performance
	0.864
	

	Digitalisation – Crespo et al. (2023)
	
	

	Digitalisation of Product & Services
	
	0.800

	The level of digitalisation of your start-up’s products and services is high compared with your competitors
	0.666
	

	Your start-up exploits all opportunities for digitalisation in the market to develop their products and services
	0.741
	

	Your start-up successfully implemented new digital business ideas or business models within the last three years
	0.752
	

	Your start-up is able to quickly adopt new digital offerings.
	0.793
	

	Digitalisation of Process
	
	0.865

	Your start-up integrates online feedback from customers and partners into the technical development process of its products and services
	0.578
	

	Your start-up uses digital technologies frequently to support the different processes (production, commercialization, feedback, etc.)*
	-
	

	Your start-up implements the most current digital channels (including mobile devices and social networks) in their processes
	0.671
	

	Your start-up’s decision making is supported by data analytics
	0.636
	

	Your start-up uses digital channels to integrate and improve the company’s core processes
	0.704
	

	Your start-up collects metrics to control digital channels
	0.634
	

	Digitalisation of Client Interaction
	
	0.759

	The start-up is able to handle customer requests using digital technologies
	0.596
	

	Most of the customer relationship journey takes place in a digital format
	0.643
	

	Customer interactions take place on multiple digital channels
	0.644
	

	Marketing and communication are individualized using customer data (through CRM)
	0.697
	

	Entrepreneurial orientation - Matsuno, Mentzer and Özsomer (2002); Lonial and Carter (2015).
	
	

	Innovativeness
	
	0.878

	We are usually first-to-market with new products and services
	0.661
	

	My start-up encourages the development of innovative marketing strategies, knowing well that some will fail
	0.817
	

	Regarding problem solving, we value creative new solutions more than the solutions of conventional wisdom
	0.815
	

	Risk Taking
	
	0.611

	Top management in my start-up like to “Play it safe”
	0.797
	

	We value the orderly and risk-reducing management process much more than leadership initiatives for change*
	-
	

	Top managers in my start-up like to implement plans only if they are very certain that they will work
	0.779
	

	Proactiveness
	
	0.743

	We firmly believe that a change in market creates positive opportunities for us
	0.697
	

	Members of my start-up tend to talk more about opportunities rather than problems
	0.864
	

	Economic performance - Adapted from Ahmad and Seet (2009).
	
	

	Our start-up sales are increasing
	0.819
	-

	Our start-up is enjoying business growth
	0.843
	-

	The business of our firm is profitable
	0.760
	-

	The market share of our firm is increasing
	0.793
	-

	Social performance– Adapted from Turker (2009)
	
	

	Contributes to campaigns and projects that promote the well-being of the society
	0.681
	-

	Encourages its employees to participate in voluntarily activities*
	-
	-

	Emphasises the importance of its social responsibilities to the society
	0.780
	-

	Policies encourage the employees to develop their skills and careers*
	-
	-

	Is primarily concerned with employees’ needs and wants
	0.627
	-

	Implements flexible policies to provide a good work and life balance for its employees
	0.762
	-

	Supports employees who want to acquire additional education*
	-
	-

	Digital Innovation Performance - Tippins and Sohi (2003), Vickery et al. (2003), Liang and Frösén (2020), Arias-Pérez et al. (2022), and, Ribeiro-Navarrete et al. (2023).
	
	

	We bring more digital solutions to market than our competitors
	0.701
	-

	We have a larger number of successful digital solutions than our competitors
	0.837
	-

	The time to market of our digital solutions is inferior to that of our competitors*
	-
	-

	The quality of our digital solutions is superior to that of our competitors
	0.714
	-

	Our digital solutions are superior to those of our competitors
	0.771
	-

	The applications of our digital solutions are totally different from those of our competitors
	0.625
	-

	Some of our digital solutions are new to the market at the time of launch*
	-
	-


* Dropped due to low factorial loading.
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