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Entrepreneurial ecosystems have been explored widely in entrepreneurship, management 
and social sciences literature. The Knowledge Spillover Theory of Entrepreneurship (KSTE) 
aims to uncover the effects of information on start-ups co-located in diverse locations, 
such as urban areas, science and technology parks, incubators, and accelerator programs. 
Extant research has focused on how entrepreneurs launch start-ups and develop patents 
over a 5–10 years timespan from a regional perspective. However, studies into the devel-
opment processes of start-ups and the creation of entrepreneurial ecosystems in physical 
and virtual environments in high-tech start-ups, are limited. As a result, this paper aims to 
identify the development processes undertaken by high-tech entrepreneurs at the individual 
level and evaluate the absorption and implementation of knowledge in physical and virtual 
clusters within entrepreneurial ecosystems. A multiple case study of 32 start-ups that have 
attended incubator and accelerator programs in London, United Kingdom, is presented. 
Semi-structured interviews were conducted with Chief Executive Officers (CEOs) and 
Founders of start-ups to propose the Model of Knowledge Spillovers and Entrepreneurial 
Ecosystems. The themes identified during interviews highlight the mechanisms employed 
by start-ups to capture tacit and explicit knowledge spillovers. Theoretically, the findings 
of this study contribute to the KSTE by questioning the flexibility of entrepreneurs to 
access knowledge without the limitation of geographical proximity to sources of knowledge. 
Practically, our findings provide entrepreneurs with proven mechanisms required to cap-
ture tacit knowledge spillovers within entrepreneurial ecosystems and use virtual platforms 
to obtain explicit knowledge spillovers towards product innovation.
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1. � Introduction

Innovation and knowledge discovery are crucial 
to ensuring organizational success and competi-

tive advantage. Studies that have evaluated regional 
growth have increased our understanding of how 
start-ups are created and their importance to the global 
economy (Audretsch et al., 2015). More recently, re-
search has uncovered the mechanisms, processes, in-
stitutions, and effects of entrepreneurial ecosystems 
on technological development (Ghio et al., 2019). As 
a stepping stone, the Knowledge Spillover Theory 
of Entrepreneurship (KSTE) has provided insights 
into how entrepreneurs use knowledge and other 
resources to create new ventures using cutting-edge 
technologies (Acs et al., 2017). However, extant re-
search has predominantly analyzed entrepreneurial 
ecosystems at only the regional level, using eco-
nomic indicators and population characteristics as 
analysis measurements (Audretsch et al., 2018; Naldi 
et al., 2020; Audretsch and Belitski, 2021).

Early contributors mainly studied companies’ 
abilities to capture knowledge spillovers from inter-
actions with and between customers, suppliers, and 
universities. However, such absorption and trans-
formation of knowledge depends on the founders’ 
ability to capture knowledge spillovers and the com-
pany’s level of absorptive capacity (Audretsch and 
Link, 2017). Recent research has demonstrated that 
knowledge spillovers affect start-up performance; 
however, entrepreneurs must incorporate Research 
and Development (R&D) activities to engage suc-
cessfully in innovation activities (Audretsch and 
Belitski, 2020b). Thus, firms’ capability to develop 
and innovate depends on the co-creation of knowl-
edge in physical and digital platforms and their abil-
ity to identify sources of knowledge from multiple 
industries (Acs et al., 2017).

Extant literature on the KSTE has made several 
assumptions about entrepreneurs’ ability to recognize 
knowledge spillovers through mechanisms, such as 
academic publications, movement of human capital, 
employees’ entrepreneurial mindsets, and constant 
interaction with and between customers and suppliers 
(Rothaermel and Thursby, 2005; Mathias et al., 2020). 
Quantitative studies have mostly sought to measure 
the effects of R&D and the exchange of knowledge 
between companies in similar industries that share 
supply chains (Blind and Mangelsdorf, 2013; Huang 
et al.,  2014). However, the exchange of knowledge 
spillovers between start-ups can equally be limited 
by budget, organizational performance, and technol-
ogy in physical and virtual environments (Petruzzelli 
et al., 2007; Nonaka, 2008).

Research has demonstrated how the creation of 
new ventures influences economic growth in regions, 
which occurs through collaboration with univer-
sities, financial institutions, and banks that form 
entrepreneurial ecosystems around start-ups (Ghio 
et al.,  2019). Furthermore, studies have also exam-
ined the influence of entrepreneurial ecosystems on 
entrepreneurs and their ability to absorb knowledge 
spillovers, visualize opportunities, and use them to 
enhance firm performance and innovation capability 
(Link and Sarala, 2019). Therefore, it is essential to 
understand how entrepreneurial ecosystems facili-
tate start-up collaborations and alliances and enable 
entrepreneurs to innovate (Laursen and Salter, 2006; 
Avnimelech and Schwartz,  2009; Audretsch et 
al., 2017).

Various sources of knowledge spillovers have 
been attributed to entrepreneurial ecosystems due 
to their geographical proximity to highly populated 
cities (Stuetzer et al.,  2017). In addition, incubator 
and accelerator programs can provide and enhance 
the opportunities presented to start-ups for net-
working and knowledge exchange (Shankar and 
Shepherd,  2018). However, entrepreneurial eco-
systems constantly change due to the fast pace of 
technological change and the innovation developed 
in the early stages of start-up creation (Wiklund 
et al.,  2019). Moreover, research necessitates the 
establishment of a foundation that enables reliable 
metrics that prove the existence of entrepreneurial 
ecosystems and how start-ups engage with compa-
nies and other relevant institutions. Thus, start-up 
research must consider using digital platforms to 
co-create knowledge with companies and univer-
sities and attain opportunities that extend to virtual 
entrepreneurial ecosystems (Carayannis et al., 2018; 
Fellnhofer, 2021).

This study, therefore, aims to explore how entre-
preneurs absorb knowledge spillovers in entre-
preneurial ecosystems defined by geographical 
boundaries and virtual environments that use techno-
logical tools to surpass the barriers of geographical 
proximity (Audretsch et al., 2018; Autio et al., 2018). 
We examine start-ups’ co-creation of knowledge 
and engagement with open innovation in virtual 
spaces that facilitate the exchange of information 
and practices among entrepreneurs and innovations 
(Torre, 2008; De Silva and Wright, 2019) and posit 
that these virtual platforms overcome the barriers 
of geographical proximity; in this regard, this study 
extends current understanding about the effects of 
knowledge spillovers on entrepreneurial ecosystems. 
Ultimately, this study aims to answer the following 
research questions:
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1.	 What resources do entrepreneurs exploit within 
the physical boundaries of an entrepreneurial 
ecosystem for product innovation?

2.	 How do technological tools facilitate access to 
knowledge spillovers from entrepreneurial eco-
systems through virtual platforms?

To answer these questions, the context of entrepre-
neurial ecosystems and innovation activity within 
the boundary of urban cities is established, focusing 
on the influencing effects of accelerator and incuba-
tor programs, start-up companies, and governments, 
which act as sources of knowledge to start-ups 
(Audretsch and Belitski,  2017; Autio et al.,  2018). 
As part of this, we use the context of entrepreneur-
ial ecosystems surrounding incubator and accelerator 
programs and illustrate the associated mechanisms 
for accessing knowledge spillovers in physical 
and virtual platforms from local and international 
sources. This study uses a multiple case-study 
approach at the individual level of high and medium-
tech entrepreneurs informed by Chief Executive offi-
cers or founders of start-ups. Our analysis considers 
the involvement of start-ups with other companies 
and mentors, forming alliances or collaborations and 
maintaining a group that shares knowledge.

From a theoretical perspective, this study contrib-
utes to the KSTE and current literature on entrepre-
neurial ecosystems by determining the infrastructures 
and services provided within the physical proximity 
of urban areas. Moreover, the managerial decisions 
taken by start-ups to locate themselves within and 
outside entrepreneurial ecosystems by establishing 
remote companies and teams and engaging in digi-
tal platforms are identified. Our findings reveal that 
access to knowledge spillovers is largely tied to the 
geographical proximity of entrepreneurial ecosys-
tems but can also be attained outside its boundaries 
through the mobility of human capital and the use of 
technological tools.

2. � Literature review

2.1. � Knowledge spillovers

The knowledge spillover theory of entrepreneur-
ship seeks to uncover and explain the entrepreneur-
ial processes for creating new ventures (Audretsch 
et al.,  2010). It explores how factors, including 
employment levels, cultural diversity, investment in 
R&D, and population density, impact the creation 
and continued success of start-ups (Audretsch et 
al.,  2010). Often, start-ups are established in clus-
ters alongside other companies, such as incubator 
or accelerator initiatives, Science and Technology 

Parks (STPs), and University Technology Transfer 
Offices (TTOs). Hence, companies are often located 
in densely populated areas, such as Silicon Valley or 
London (Audretsch et al., 2015), which means that 
start-ups benefit from close geographical proximity 
to a variety of sources of knowledge (Desrochers et 
al., 2009).

Start-ups do not possess the financial resources 
and human capital to compete in this regard and, 
therefore, rely on external, unintended information 
sharing, known as knowledge spillovers, which 
considers all informal interactions and relies not 
on the founders’ prior experiences. The KSTE 
posits that innovation in start-ups is derived from 
their geographical proximity to knowledge sources 
in entrepreneurial ecosystems (Audretsch and 
Lehmann,  2010). The founder’s initial training, 
knowledge, experiences, and connections enable 
new products or services that use knowledge spill-
overs to generate a competitive advantage (Nieto and 
Quevedo,  2005; Montoro-Sánchez et al.,  2011). In 
addition, participation in digital platforms provides 
access to communities of entrepreneurs that share 
common interests, experiences, and market informa-
tion (Nonaka,  2008; Blind and Mangelsdorf,  2013; 
Audretsch and Belitski, 2017).

Prior studies on knowledge spillovers have typ-
ically focused on two forms of knowledge: tacit 
knowledge, which can be transferred through phys-
ical locations, such as conferences, incubators or 
accelerators, and explicit knowledge, which is 
transferred through virtual platforms, such as slack 
channels, blogs, and other user-centered information 
and communication technologies (Nonaka,  2008; 
Bandera et al.,  2016). Tacit knowledge is obtained 
mainly by attending events and through experiences 
which occur through informal interactions and the 
mobility of human capital. It is based on the actions, 
procedures, and subjective norms subject to values 
or beliefs that are difficult to capture and transfer 
(Nonaka et al., 2000; Yi et al., 2021). These charac-
teristics enable explicit knowledge to be considered 
either centralized by the company or decentralized 
and accessible that can be used directly to enhance 
the performance of companies, open product innova-
tion, and R&D projects, while preventing knowledge 
leakage (Chen et al., 2011; Wang and Wang, 2012; 
Cui et al., 2021).

Recent studies have highlighted that knowledge 
spillovers are restricted not only by other institu-
tions within an entrepreneurial ecosystem but also 
by entrepreneurs’ ability to evaluate R&D and the 
different sources of tacit and explicit knowledge 
spillovers (Audretsch et al.,  2021). For example, 
tacit knowledge spillovers can be developed and 

 14679310, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/radm

.12567 by T
est, W

iley O
nline L

ibrary on [29/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



© 2022 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.

Start-ups’ use of knowledge spillovers for product innovation

R&D Management 53, 4, 2023  587

captured from exchanges with suppliers, custom-
ers, competitors, universities, and governments (De 
Faria et al.,  2010; Spithoven and Teirlinck,  2015; 
Hájek and Stejskal,  2018). In contrast, explicit 
knowledge spillovers can be attained through 
access to corporate white papers, scientific jour-
nals, online communities, and conferences and 
exhibitions (Chun and Mun,  2012; Sisodiya et 
al., 2013).

This research considers the initial knowledge 
depth and breadth, background, and movement 
of economic agents from incumbents and univer-
sities on entrepreneurs’ ability to identify spe-
cific sources of knowledge spillovers (Ko and 
Liu,  2019). As a result, start-ups and the human 
capital involved in entrepreneurship can be consid-
ered conduits of innovation. Recent studies have 
highlighted that entrepreneurs capable of collabo-
rating with other firms within an ecosystem demon-
strate the same level of innovation (Audretsch and 
Belitski,  2020a). Once start-ups engage in open 
innovation and access explicit knowledge spill-
overs, the barriers of geographical proximity can 
be overcome by participating in virtual platforms 
(Torre, 2008).

However, the question remains to consider how 
organizations, such as universities, incubators, or 
accelerators, attract skilled human capital to relocate 
within the boundaries of entrepreneurial ecosystems 
and promote entrepreneurs to partner with organi-
zations locally (Autio et al.,  2018). Thus, it is rel-
evant to evaluate start-ups’ capability to implement 
external knowledge with partners locally and inter-
nationally by bypassing competition and using tech-
nological tools to attain explicit knowledge spillovers 
(Chen et al.,  2020; Yi et al.,  2021). In this regard, 
the start-up must be able to exploit local and inter-
national sources of knowledge spillovers to identify 
entrepreneurial opportunities, reduce operational 
costs, and penetrate local and international markets 
(Lindstrand and Hånell, 2017). The shortcomings in 
literature also create the possibility to assess if incu-
bators are strictly in physical locations or if they can 
be virtual using technological tools (Carayannis and 
Zedtwitz,  2005). Therefore, our discussions stress 
the importance of identifying how tacit and explicit 
knowledge spillovers are absorbed within and out-
side the boundaries of entrepreneurial ecosystems by 
establishing the following assumptions:

Assumption 1  Start-ups access tacit knowledge 
spillovers in entrepreneurial ecosystems by locat-
ing themselves close to universities, companies, 
institutions, and incubator and accelerator pro-
grams. This access depends on the founder’s back-
ground and the start-up’s human capital mobility.

Assumption 2  Start-ups access explicit knowl-
edge spillovers through technological tools not 
restricted to geographical proximity and depend-
ent on virtual platforms and technological tools. 
Explaining explicit knowledge spillovers is con-
ducted by entering online entrepreneurial com-
munities and engagement with public knowledge, 
such as whitepapers, conferences, and scientific 
journals.

2.2. � Entrepreneurial ecosystems and 
clusters of knowledge

Research suggests that most companies are created 
in cities with more than 250,000 citizens (Audretsch 
et al., 2015). Financial institutions, companies, uni-
versities, and socio-economic factors lead to the 
development of entrepreneurial ecosystem indi-
cators (Ghio et al.,  2019). However, this domain 
of research has not been widely explored. Current 
understanding lacks appreciation of what should be 
considered a set of boundary conditions to conduct 
consistent research (Audretsch et al.,  2018). As a 
result, studies have determined various classifica-
tions, such as business, innovation, entrepreneur-
ial, and even financial ecosystems (Audretsch and 
Belitski, 2017).

A new venture that focuses on improving exist-
ing products or services depends on the company’s 
absorptive capacity to engage in technical innova-
tion by utilizing available resources and networks 
to transform knowledge spillovers into economic 
spillovers (Qian and Acs,  2013; Srivastava et 
al., 2015). However, researchers suggest that early-
stage entrepreneurs focus on the innovation of 
products rather than process innovation (Wong et 
al.,  2008; Kostopoulos et al.,  2011). Further, the 
understanding of change from entrepreneurs is 
not focused on disruptive innovation but on revo-
lutionary innovation that seeks to exploit existing 
technological knowledge to satisfy the market by 
capturing knowledge spillovers (Yan et al.,  2005; 
Bouncken and Kraus, 2013).

Incubator and accelerator programs provide start-
ups with access to networking events to help develop 
alliances or partnerships with companies in close 
proximity (Desrochers et al., 2009; Montoro-Sánchez 
et al., 2011; Shu et al., 2014). They offer mentoring 
opportunities and training that transfer technical 
and business knowledge to founders (Bandera et 
al., 2016). However, the main driver for taking part 
in such programs is the potential to gain access to 
investors (Narula and Santangelo, 2009). Such pro-
grams depend on the program’s capability and ser-
vices and the activities the entrepreneurs participate 
(Markovitch et al., 2015; Pauwels et al., 2016).
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On the one hand, university incubators support 
entrepreneurs through engagement in research projects 
that lead to patenting. Therefore, spinouts of start-ups, 
generated by academic partners, mainly access tacit 
knowledge spillovers that are transferred and main-
tained within the geographical boundaries of entrepre-
neurial ecosystems (Kolympiris and Klein, 2017). On 
the other hand, accelerator programs and business incu-
bators focus predominantly on providing start-ups with 
workspaces and have a more rigid process of select-
ing entrepreneurs to provide services, such as mento-
ring, and attaining investment from angel capitalists 
(Pauwels et al., 2016; Prexl et al., 2019). Thus, entre-
preneurs seek access to the required business advice 
and investment to start a company, and consider locat-
ing themselves on the premises of incubators or science 
and technology parks at the core of entrepreneurial 
ecosystems (Audretsch and Belitski, 2019, 2021).

The final generated explicit knowledge is acces-
sible to entrepreneurs and allows for developing 
clusters of entrepreneurial innovation (Huggins and 
Thompson,  2015). Furthermore, entrepreneurs use 
technological tools to foster collaboration between 
companies (Connell et al.,  2014). Virtual platforms 
enable the exchange and access of explicit knowledge 
spillovers at reduced costs and support future col-
laborations (Lee et al., 2008; Wiklund et al., 2019). 
Therefore, such technological tools enable access to 
explicit knowledge spillovers unbounded from geo-
graphical proximity. Eventually, the implementation 
of virtual platforms enables companies to create new 
possibilities that facilitate automation through digital 
data via open innovation and access to information 
in the digital domain (Zysman and Kenney,  2018). 
Although knowledge spillovers are mainly protected 
by licensing and unprotected access, they are encour-
aged in collaborations between companies and uni-
versities (Shankar and Shepherd,  2018; Datta et 
al., 2019; Audretsch and Belitski, 2020a).

Thus, the application of digital technologies 
enables the exchange of knowledge between entre-
preneurs and organizations and reducing the bound-
aries from geographical proximity and country 
regulations, facilitating the development of networks, 
and reducing the barriers faced by entrepreneurs to 
start a business while being employed (Shepherd et 
al., 2019; Fellnhofer, 2021; van Doren et al., 2022). 
Moreover, digital platforms supported by reliable, 
fast internet capabilities enable apart the instructions 
of machinery from data and coding, which enables 
flexibility, open direct access to engagement with 
end users and suppliers to facilitate the co-creation 
of knowledge and development of products, access 
flow of goods in the supply change (Audretsch and 
Belitski, 2017; Autio et al., 2018).

Product innovation is often initially supported 
by direct investment from investors, business angels 
or venture capitalists. Start-ups gather resources by 
establishing alliances and collaborations through for-
mer networks or pitching events (von Zedtwitz, 2003; 
Cohen et al.,  2017). The development of a product 
focuses on innovation that enables market entry 
through constant interaction between a team and 
customers (Nieto and Quevedo,  2005; Wang and 
Wang,  2012). Start-ups can consider that starting 
with the development of a product affected by per-
ceived competition levels in the market establishes 
an openness to sharing knowledge (Bouncken and 
Kraus, 2013).

In this regard, involvement in accelerator programs 
facilitates access to new networks, resources, and 
entrepreneurial knowledge (Markovitch et al., 2015; 
Cantù, 2017; Malecki, 2018). In incubator and accel-
erator programs, entrepreneurs use virtual tools 
to exchange knowledge with platform developers, 
encourage human capital, and access technological 
knowledge spillovers (Shankar and Shepherd, 2018). 
This critical scenario shows how for-profit and not-
for-profit start-ups are initially rooted in the bound-
aries of the entrepreneurial ecosystem but can evolve 
into the development of businesses thought in virtual 
platforms (Carayannis et al., 2018; Xu et al., 2018). 
The discussion of the influence of incubator and 
accelerator programmes led to the development of 
the following propositions:

Assumption 3  Tacit knowledge spillovers and re-
sources can be attained by attending incubator and 
accelerator programs. Entrepreneurs seek to attain 
training and business knowledge and access to in-
vestors that enforce innovation and identify entre-
preneurial opportunities.

Assumption 4  Incubator and accelerator pro-
grams are a conduit to accessing explicit knowledge 
spillovers through virtual entrepreneurial commu-
nities. The influence of technological tools fosters 
the collaboration of start-ups with universities and 
engagement with open innovation unbounded to 
the geographical proximity with entrepreneurial 
ecosystems.

3. � Methodology

In this study, we use an inductive multiple case study 
approach to uncover how knowledge spillovers are 
collected from start-ups in the high and medium-
tech sectors and identify their approaches toward 
the access to knowledge spillovers and entrepre-
neurial ecosystems at the individual level (Bryman 
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and Bell,  2015; Saunders et al.,  2016). This meth-
odology enabled the identification of how and why 
organizations operate and enabled the assessment of 
entrepreneurs’ behaviors, aptitudes, and perceptions 
(Yin,  2006). First, we aimed to contact CEOs and 
founders directly by sending 833 emails, with 323 
initial email interactions being received from entre-
preneurs. The sample involved companies operating 
within their first ten years of operation where inno-
vation processes were being undertaken (Qian and 
Jung, 2017).

Then, we implemented a semi-structured ques-
tionnaire supported by the KSTE and Agglomeration 
theory focusing on the mechanism and effects 
(Audretsch et al., 2015; Hayter, 2015). The structure 
of the interview guide involved: (1) support of incu-
bators, accelerator programs, universities, and orga-
nizations for start-ups in entrepreneurial ecosystems; 
(2) mechanisms to absorb and implement knowledge 
spillovers toward innovation; and (3) entrepreneurial 
interactions and development of networks, alliances, 
and knowledge-sharing processes.

In total, 32 semi-structured interviews with 
CEOs and founders of high-tech start-ups were con-
ducted, each with less than fifteen years of opera-
tion that have attended an accelerator or incubator 
program in London, UK. The classification of high 
and knowledge-intensive companies was based on 
the Statistical Classification of Economic Activities 
in the European Community (NACE), includ-
ing information technology, electronics, electric 
equipment, and software development (European 
Commision,  2008; Timmermans,  2009; Jin et 
al., 2019). Our unit of analysis was start-ups, and we 
used a non-probabilistic theoretical sampling method 
with the target of attaining theoretical saturation and 
replicability of the data (Saunders et al., 2016). The 
characteristics of the start-ups and founders that par-
ticipated in the study can be found in Appendix A.

The interviews were conducted face-to-face at 
the accelerator and incubator premises and through 
skype meetings from October to December 2019. 
The interviews lasted thirty minutes to one hour 
each and were later transcribed. The data analysis 
followed an initial deductive approach by identify-
ing relevant themes and concepts through coding and 
extending them to second-order themes (Yin, 2006; 
Eisenhardt, 2016). The analysis and development of 
the model followed a theory-building process, which 
provides a robust approach to test assumptions from 
the literature, establish initial deductive themes from 
the literature, and develop emerging inductive themes 
from multiple case studies (Yin, 2003; Gräbner and 
Eisenhardt,  2007). The explicit code development 
started with identifying initial first-order themes 

from the literature to discover and develop a proposed 
model and propositions (Glaser and Strauss, 1967). 
Then, the authors conducted the analysis using ini-
tial open and focused coding of interview transcripts 
through two series of interactions using NVivo 12 
(Saldana, 2015).

4. � Findings

Analysis of the interview data resulted in five aggre-
gate theoretical dimensions and thirteen second-order 
themes that represent the role of entrepreneurial eco-
systems and technological mechanisms for knowl-
edge spillovers to develop networks and clusters of 
knowledge. The discussion of the themes reveals 
how tacit and explicit knowledge spillovers are used 
to enhance new ventures’ performance toward prod-
uct innovation. We identified the overarching dimen-
sions, second-order themes, and first-order categories 
related to the factors involved in entrepreneurial eco-
systems and the mechanisms and events used to cap-
ture entrepreneurial ecosystems (Figure 1).

The following sections develop the discussion of 
the second-order themes and the development of the 
six main propositions driven by our findings, provid-
ing a basis for further research. The data structure 
and the relevant quotations from participants refer-
enced in the analysis are presented in Appendix B.

4.1. � Entrepreneurial ecosystems

4.1.1. � Infrastructure and services
Literature highlights that in exchange for these asso-
ciated high costs, the entrepreneur expects to obtain 
close access to the market, gain knowledge spillovers 
from attending conferences, and make full use of 
the infrastructural and digital infrastructure that the 
entrepreneurial ecosystem has to offer (Woodward et 
al., 2006; Audretsch and Belitski, 2017). In this form, 
entrepreneurs are looking for a pool of skilled human 
capital to hire for the start-up (EE-IS1, EE-IS2). Start-
ups outside an entrepreneurial ecosystem may present 
initial recruitment barriers due to the lack of govern-
ment support or entrepreneurial institutions (EE-IS1). 
They also perceive the city as a critical source for 
obtaining guidance by attending networking events 
and gaining access to banks and investors (EE-IS3). 
Thus, entrepreneurs seek to gain access to tacit 
knowledge spillovers by hiring experienced profes-
sionals in the field from the access to entrepreneurial 
networks and opportunities in face-to-face interac-
tions (Audretsch et al., 2010; Mathias et al., 2020).

At the individual level of entrepreneurs, the avail-
ability of mechanisms to gain access to technologies 
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enhances the company’s reputation grounded on the 
background of the founder of the start-up (Autio et 
al., 2018; Malecki, 2018; De Silva and Wright, 2019). 
Our data strongly suggest that establishing a company 
in an ecosystem located in an urban location can incur 
high expenses caused by the opportunity to access 
sources of knowledge and resources (EE-IS4, EE-
IS5). However, entrepreneurs perceive that locating 
in a highly dense urban area increases the start-up’s 
reputation and credibility for customers and investors 
and outweighs the expenses’ economic burden. Also, 
joining established infrastructures leads to necessary 
access to accelerators, universities, and capital needed 
to grow in the first years of operation (EE-IS5, EE-IS6).

The data show that accelerator programs allow 
entrepreneurs to pitch their business idea, increasing 

their network capital by meeting potential venture 
capitalists and experts in the field (EE-IS7, EE-IS9). 
Moreover, access to facilities outweighs the oper-
ational costs of hiring human capital and renting 
premises due to infrastructure and services for run-
ning the company (EE-IS8). Our findings strongly 
suggest that accelerator programs form commu-
nities of entrepreneurs who start to transform tacit 
and explicit knowledge in open spaces. In this case, 
entrepreneurs would develop a community that 
incentivizes platforms, such as slack channels, to 
share knowledge that sets the foundation for remov-
ing geographical proximity requirements (EE-IS10). 
Overall, the data suggest that entrepreneurs are will-
ing to locate within entrepreneurial ecosystems to 
attain skilled human capital, access to incubators and 

Figure 1.  Data structure.
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accelerators, expand their social network and access 
to funding through engagement with entrepreneurial 
communities. These interactions are the initial con-
nections to sources of tacit knowledge spillovers that 
lead to formal knowledge-sharing. The discussion of 
the infrastructure and services theme led to the devel-
opment of the following proposition:

Proposition 1  The infrastructure and services 
available in entrepreneurial ecosystems allow start-
ups to gain funding and hire skilled human capital 
that enhances the start-up’s reputation. These con-
ditions contribute to establishing the company and 
forming local and remote teams based on devel-
oping clusters of knowledge from entrepreneurial 
communities.

4.1.2. � Institutions and environment
Entrepreneurial ecosystems provide an adequate 
structure that facilitates physical infrastructures and 
digital platforms that promote sharing of knowl-
edge (Autio et al., 2018; Mathias et al., 2020). Our 
findings suggest that entrepreneurs consider two 
main perspectives. First, incubators and accelera-
tor programs are considered leading organizations 
and key players, providing access to venture capi-
talists, universities, suppliers, and exposure to the 
market (EE-IE1, EE-IE3). Second, we found that 
what makes London appealing is access to an open 
environment that exposes entrepreneurs to various 
nationalities and cultures with a common language 
and mindset (EE-IE2). Moreover, entrepreneurs’ 
access to funding and infrastructure in London is at 
the same level as other thriving entrepreneurial eco-
systems in the United States (EE-IE3). In this case, 
entrepreneurial ecosystems nurture entrepreneurs’ 
capability to engage in thinking designed to embrace 
new ideas and cultural backgrounds (Audretsch and 
Belitski, 2017; Audretsch et al., 2018).

The services provided by the identified themes of 
infrastructure and services potentially lead to collab-
orative partnerships with companies and universities 
due to sharing knowledge with experts in the field (EE-
IE4). The data suggest that entrepreneurs in the man-
ufacturing and biotechnology industries can obtain 
equipment from manufacturers and financial support 
from the government and entrepreneurial organiza-
tions (EE-IE4, EE-IE5). The rationale for companies 
operating in the manufacturing sector is to establish a 
foundation of operations for the start-up that can last 
for many years. Hence, high-tech start-ups’ motiva-
tion is to extend their network capital and operations 
toward science and technology parks to access techno-
logical developments in specific fields (EE-IS7).

On the other hand, new ventures involved in 
services, software provision, and computer-related 

activities are aligned to gaining access to larger 
markets that enable them to obtain higher revenues 
through direct engagement with potential customers 
(EE-IS5). In this case, the entrepreneurs’ vision is 
to operate in a market that has a global reach that 
shares a common language and culture (EE-IE6). 
Furthermore, companies in this sector aim to build 
alliances with companies that use similar techno-
logical platforms to exchange knowledge (EE-IS8). 
Finally, start-ups seek to become technology provid-
ers for incumbents in some instances. The discussion 
of the theme of institutions and environment led to 
the development of the following proposition:

Proposition 2  Institutions and companies in an 
entrepreneurial ecosystem foster an environment for 
entrepreneurial openness. These conditions facili-
tate high-tech start-up knowledge sharing, leading 
to forming alliances, equipment access, and virtual 
platforms from established companies and science 
and technology parks.

4.1.3. � Remote companies and teams
The KSTE has heavily emphasized the importance 
of geographical proximity to knowledge spill-
over sources such as universities and companies. 
However, our findings suggest that remote compa-
nies and teams are the entrepreneurial ecosystem 
boundary, where resources, human capital, and data 
are constantly mobbing and habilitating the mobil-
ity of knowledge (Mathias et al., 2020; Mota Veiga 
et al., 2021). Furthermore, the findings suggest that 
the cost and expenses of maintaining a team and 
company in the heart of a major city can be a high 
economic burden for start-ups (CK-RCT1). In such 
a case, entrepreneurs consider gaining access to uni-
versities close to the proximity of the start-up loca-
tion and using the transportation infrastructure to 
obtain access to resources from accelerators and uni-
versities (CK-RCT2). Thus, entrepreneurs are will-
ing to locate the company’s headquarters outside the 
entrepreneurial ecosystem.

Once the alliance is set, companies focus on 
adapting their internal processes to align with shared 
projects, considering implementing technologi-
cal tools (CK-RTC3). Entrepreneurs can also align 
their interests with customers locally and abroad 
(EE-RTC4). Furthermore, developing joint projects 
with universities involves investing in vital techno-
logical tools, such as blockchain, and defining the 
skilled human capital to develop an initial prototype 
(CK-RTC5). Finally, the data suggest that start-ups 
require adequate knowledge protection to prevent 
vital information appropriation that cannot be shared 
between partners (CK-RTC6). Thus, remote compa-
nies and teams are formed by human capital working 
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in start-ups or associated with companies and univer-
sities within or outside the boundaries of the entre-
preneurial ecosystem.

The compilation of remote companies and teams 
theme suggests that entrepreneurs can decide to 
locate and hire human capital outside the capital 
city, still seeking access to its knowledge spillovers, 
financing, and entrepreneurial institutions. The dis-
cussion of the mobility of human capital and engage-
ment of start-ups with international markers led to 
the development of the following proposition:

Proposition 3  High-tech start-ups can gather tacit 
knowledge spillovers from remote teams located in 
partners’ headquarters. Companies can choose to 
evaluate the implementation of similar technologi-
cal tools and knowledge to engage with customers 
located internationally. Hence, entrepreneurs can 
manage an entrepreneurial team located outside of 
the entrepreneurial ecosystem and actively engage 
in the process of co-creation.

Proposition 4  High-tech start-ups implement 
knowledge management protocols to enable formal 
alliances to be created to exchange information. 
Information Technologies facilitate the exchange of 
explicit knowledge spillovers toward product inno-
vation and the engagement with local and interna-
tional companies and the market.

4.2. � Knowledge spillovers

4.2.1. � Clusters of tacit knowledge and the physical 
environment

Our data show that tacit knowledge spillovers are 
critical and include sharing knowledge that can be 
transferred by face-to-face interactions between indi-
viduals or obtained through an individual’s experi-
ence (Nonaka, 2008). The difference between more 
structured knowledge management approaches is 
based on informal and not incurring a value for the 
knowledge transference. In such a case, high-tech 
start-ups consider developing continuous engage-
ment with customers in a continuous product innova-
tion process through weekly interactions (CK-TK1).

Similarly, entrepreneurs value access to clusters 
and inter-sectoral knowledge spillovers by attend-
ing events and discussing with experts in various 
fields (CK-TK2). Accelerators and incubators allow 
entrepreneurs to enhance their capital network, learn-
ing processes, and technology through exposure to 
knowledge spillovers (CK-TK3). Start-ups expand 
to other countries by establishing remote teams to 
new branches and joint ventures internationally (CK-
TK4). Additionally, remote companies and teams 
exchange knowledge that enables them to keep 

up-to-date with industrial changes (CK-TK5, CK-
TS6). Hence, the exchange of knowledge spillovers 
between companies from similar industries can lead 
entrepreneurs to engage in product innovation (CK-
TKS6). Thus, the effects regional entrepreneurial 
ecosystem causes the agglomeration of knowledge 
clusters aligned to the start-up’s mission. The discus-
sion of the exchange of tacit knowledge on physi-
cal settings led to the development of the following 
proposition:

Proposition 5  Tacit Knowledge Spillovers, gath-
ered from customers, partners, entrepreneurs, and 
human capital working remotely, provide start-ups 
with product innovation and prototype development 
information. Companies and institutions involved at 
this stage are aligned to common types of new ven-
tures forming communities that develop knowledge 
clusters.

4.2.2. � Explicit knowledge in virtual environments
Explicit Knowledge spillover can be obtained through 
virtual platforms that connect entrepreneurs with 
companies or data from the worldwide web (Acs 
et al.,  2017). The data show that companies’ first 
approach in industries such as biotechnology is to 
gather technical knowledge through accessing patents 
(CS-EK1). However, the start-ups interviewed often 
decide to gather initial technological knowledge by 
accessing the world wide web and using skilled human 
capital to exploit information and technology tools 
and search strategies (CS-EK2, CS-EK3). Hence, 
high-tech start-ups prioritize implementing technolog-
ical tools through innovative exploitation from explicit 
knowledge spillovers (Nieto and Quevedo, 2005). As 
a result, high-tech start-ups rely on the use of ICTs 
to gain access to technological knowledge spillovers 
founded on the tacit knowledge of hired human capi-
tal. Therefore, we can state that entrepreneurs depend 
on hired human capital’s technical expertise to gain 
knowledge spillovers in virtual environments.

The backbone of the implementation of ICTs is 
conducted in two ways. First, the start-up requests 
services from a third party to provide data to the 
virtual platform (CS-EK4). Once the data are com-
piled, the company aligns all internal functions with 
extracting explicit knowledge from the worldwide 
web. These formal services provide a mechanism for 
gathering technical knowledge spillovers from the 
providers (CS-EK5). Hence, start-ups are expected 
to obtain data, operate the system and keep internal 
processes up-to-date. Second, high-tech start-ups 
acquire necessary digital libraries from open-source 
communities (CS-EK6). This virtual community pro-
vides shared knowledge and license fees, potentially 
moderating access to knowledge.
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On the other hand, start-ups can also gather 
explicit knowledge from open codes and algorithms 
used in the company’s ICTs and virtual platforms 
(CS-EK7). However, updating systems using these 
sources of knowledge comes with the risk of harming 
the company’s software base code. The data strongly 
suggest that digital technological tools foster collab-
orations and partnerships outside the boundaries of 
entrepreneurial ecosystems, which require the imple-
mentation of common coding languages and plat-
forms. Moreover, entrepreneurs with skilled human 
capital can capture data and open software that sup-
ports open innovation.

Hence, we establish the following proposition:

Proposition 6  Explicit knowledge spillovers 
require skilled human capital to develop virtual 
platforms. This information technology enables 
entrepreneurs to support the exchange of explicit 
knowledge between partners and companies in 
the supply chain and enhance search functionality 
through libraries and open codes to extract knowl-
edge spillovers from virtual domains.

The discussion of the theoretical dimension and 
the development of the propositions enabled us to 
identify the connections between entrepreneurial 
ecosystems constrained to geographical locations. 
The assumptions and development of the proposi-
tions enabled the creation of the proposed empirical 
model (Figure 2). The discussion also enabled us to 
identify the role of infrastructure and services from 
incubators, accelerators, and institutions in hiring 
human capital to develop alliances that motivate col-
laboration and identify entrepreneurial opportunities. 
The findings enable us to highlight how start-ups can 
exploit tacit knowledge spillovers, allocate human 

capital in remote teams to attend events and facili-
tate collaborations by exploiting the infrastructure of 
cities while operating outside entrepreneurial ecosys-
tems. Moreover, companies will implement techno-
logical tools to develop alliances and access explicit 
knowledge spillovers.

5. � Discussion

The proposed empirical model considers that knowl-
edge spillovers can be accessed inside and outside the 
boundaries of entrepreneurial ecosystems. First, the 
resources available to entrepreneurs in cities focus 
on identifying and obtaining highly qualified human 
capital (Schmidt, 2015). As such, access to acceler-
ators and incubators provides access to knowledge 
that facilitates the company’s creation, identifying 
the industry’s requirements and having direct access 
to banks and investors. However, due to the perceived 
costs of the start-up’s operations, CEOs can decide to 
locate their headquarters outside the boundaries of 
the entrepreneurial ecosystem. This finding is criti-
cal, as we can state that high-tech start-ups are not 
obliged to stay close to the city center to gain knowl-
edge, but do need to establish initial engagements 
with established companies and universities with the 
technical knowledge required.

Entrepreneurs are willing to trade the opera-
tional expenses of working in an urban location for 
the opportunity of expanding their network of ven-
ture capitalists and experts. One possible source of 
knowledge that does not apply to this finding are 
universities (Audretsch et al., 2015). In such a case, 
companies can interact with local universities to 
gain academic knowledge generated from research 

Figure 2.  Pathway model of entrepreneurial ecosystems and knowledge spillovers.
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projects and articles. Therefore, high-tech companies 
can exploit human capital that does not have a physi-
cal presence in the start-up’s headquarters. However, 
partnerships extended to science and technology 
parks and universities enable entrepreneurs to gain 
technological knowledge spillovers from leading 
academics in the field. This can be achieved in the 
knowledge-intensive high-tech sector through virtual 
platforms that facilitate knowledge flow between 
partners.

The identified sources of knowledge spillovers 
include business, marketing, and entrepreneurship 
(Cantù,  2017). In this case, accelerator programs 
have proven to bridge entrepreneurs to experts and 
other companies. In addition, high-tech start-ups 
can form informal collaborations that lead to dura-
ble alliances with industry, showing a new form of 
tacit knowledge spillovers occurring between entre-
preneurs and companies. Thus, the findings suggest 
that locating in the urban core of an entrepreneur-
ial ecosystem exposes entrepreneurs massively to 
skilled pools of human capital from abroad and to 
develop collaboration with companies directly and 
be part of pitching events to gain investment not 
attainable in other areas. In addition, these entre-
preneurial opportunities seem to enhance greatly 
by the entrepreneur’s engagement with an incuba-
tor or accelerator program in the entrepreneurial 
ecosystem. Hence, entrepreneurs choose to locate 
their headquarters in the urban core of an entre-
preneurial ecosystem. However, entrepreneurs can 
also allocate remote teams, even internationally, to 
provide technical knowledge spillovers from wider 
communities and customer bases.

The research suggests that these processes ini-
tially encourage entrepreneurs to expand their net-
work and human capital and increase the company’s 
reputation. Furthermore, high-tech companies can 
access specialized equipment from companies and 
universities to engage in product innovation. In addi-
tion, entrepreneurs gain advice on developing the 
business within entrepreneurial ecosystems; once 
complete, they can choose to operate outside urban 
areas to ease operational costs. One of the aspects 
that can be overlooked from knowledge spillovers 
between sectors is that non-competing start-ups can 
be exposed to diverse knowledge as it is supported by 
the interactions with the users of innovative products 
(Verspagen, 1997; Schmidt, 2015).

Similarly, information and technology mecha-
nisms and tools such as machine learning, analyti-
cal programs, digital libraries, and virtual platforms 
can also support innovation. One of our significant 
findings is that the exchange of incoming knowledge 
spillovers between companies requires adequate 

appropriation mechanisms to regulate the flow of 
knowledge to deal with clients, customers, and 
competitors (Spithovenm and Knockaert,  2012). 
Addressing this critical strategic acquisition requires 
careful consideration within ecosystems and is a 
prime area for further research. Our data suggest that 
explicit knowledge spillovers are not restricted to the 
entrepreneurial ecosystem’s geographical proximity 
(Autio et al., 2018). In these cases, entrepreneurs can 
access various sources of knowledge for exploratory 
product innovation, such as patents. Moreover, the 
findings suggest that high-tech start-ups implement-
ing information technologies can successfully access 
and exploit public explicit knowledge spillovers.

The data showcases how digital technological 
tools enable collaboration with companies outside 
the United Kingdom by providing free accessible 
content to users and motivating the purchase and 
visibility of products in local and international mar-
kets. Hence, joint projects can be implemented if 
the companies in the partnership share common vir-
tual platforms and technologies such as blockchain, 
machine learning, or blogs. Finally, digital tech-
nologies enable direct engagement with suppliers 
located internationally, reducing transactional costs 
on acquiring goods or services and operational costs 
by working with virtual platforms operating outside 
the boundaries of urban cities.

The paper showcases how start-ups will tran-
scend from exploiting the transportation infrastruc-
ture used by human capital to access entrepreneurial 
ecosystems to access tacit knowledge spillovers. 
Afterwards, entrepreneurs focus on adapting poten-
tial virtual entrepreneurial ecosystems supported by 
digital technological tools and enable collaborations 
with companies and universities outside the geo-
graphical proximity to the company. Thus, the paper 
has contributed to understanding the progression on 
which entrepreneurs’ requirement to operate near 
the sources of knowledge reduces as local and inter-
national collaborations and access to free available 
software and data.

6. � Conclusions and recommendations

This paper has identified the primary factors and insti-
tutions that enforce the process of knowledge spillovers 
in entrepreneurial ecosystems. We propose a model that 
can be extended with further research into the devel-
opment of entrepreneurial ecosystems in physical and 
virtual locations (Audretsch and Belitski, 2017). The 
findings suggest that start-ups’ access to knowledge 
spillovers is not limited by geographical proximity 
and that start-ups often successfully extend their reach 
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into central hubs from further afield. Start-ups in the 
high and medium tech sector seek to develop alliances 
and partnerships with universities and companies to 
develop new projects based on the latest technologies 
and knowledge, such as blockchain or advances in 
biotechnology. Once obtained, entrepreneurs can use 
technological tools and remote teams to operate out-
side the boundaries of urban areas and exploit existing 
transport infrastructure to interact with key stakehold-
ers within entrepreneurial ecosystems. Interestingly, 
start-ups in the technology and information industry 
can become a potential source of knowledge spill-
overs, acting as suppliers of virtual platforms and pro-
grams for companies.

The paper has opened the road to explore the 
exchange of intersectoral business knowledge spill-
overs as entrepreneurs from different industries 
unaffected by immediate competition concerns and 
identifies the existing role of incubators and accelera-
tors. Platforms make this route accessible by utilizing 
information technologies and web-based systems for 
explicit knowledge sharing and exploiting incubators 
for tacit knowledge access. These actions re-enforce 
knowledge clusters in physical locations and com-
munities in the virtual platform that occurs locally 
and internationally. The limitation of this study is the 
relatively small sample size and the types of compa-
nies. Still, we are confident that our findings reflect 
the start-ups we examined, and this aspect could be 
explored as part of a broader future study.

Finally, this research shed some light on the 
possibility of considering virtual platforms as dig-
ital entrepreneurial ecosystems that are sources of 
explicit knowledge spillovers and enable entrepre-
neurs to engage directly with customers and com-
panies outside their entrepreneurial ecosystems to 
engage in open product innovation projects. The 
paper has explored the activities of entrepreneurs 
that operated in entrepreneurial ecosystems and has 
shed some light on evaluating start-ups that operate 
outside of well-founded entrepreneurial ecosystems 
through the development of remote teams and tech-
nological tools that evolve the entrepreneur’s access 
to tacit and explicit knowledge spillovers.
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APPENDIX A
Characteristics of the data, adapted from Cuvero et al. (2019)

Age
Highest qualification Number of employees Job position Years of 

operation

35 PhD candidate 1 Chief Executive Officer 2
27 Bachelor’s Degree 2 Chief Executive Officer 2

36 PhD. 4 Chief Executive Officer 7

49 PhD. 4 Chief Executive Officer 4

39 MBA 4 Chief Executive Officer 4

29 Bachelor’s degree 5 Chief Operations Officer 2

41 Bachelor’s degree, engineering 5 Chief Executive Officer 4

34 Master’s degree 5 Chief Executive Officer 3

38 Master’s degree in science 7 Chief Executive Officer 2

31 Doctorate in medicine 8 Operations Director 3

28 Bachelor’s degree 8 Chief Executive Officer 2

34 Bachelor’s degree 9 Chief Executive Officer 5

34 Master’s degree 9 Chief Executive Officer 2

28 Bachelor’s degree 9 Chief Executive Officer 4

43 Master’s degree 11 Chief Executive Officer 3

42 MBA 11 Chief Executive Officer 4

68 BA Business Manager 12 Executive Chairman 12

25 Master’s degree MIT 14 Chief Executive Officer 3

37 Master’s degree 15 Chief Executive Officer 3.5

34 Master’s degree 15 Chief Executive Officer 6

24 Bachelor’s degree 16 Customer Engagement Manager 3

45 Bachelor’s degree 19 Chief Executive Officer 3

60 MBA 24 Chief Executive Officer 2

42 MBA 25 Chief Executive Officer 3

50 PhD. 26 Vice president of COC 2

43 MBA 27 Chief Executive Officer 4

50 Master’s degree 30 Chief Executive Officer 15

44 BA Science 32 Chief Executive Officer 3

34 MBA 50 Chief Executive Officer 3

55 PhD. 57 Chief Executive Officer 6

47 Bachelor’s degree 65 Chief Executive Officer 3

39 Master’s degree 80 Chief Executive Officer 7
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