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Abstract  Knowledge is regarded as a key driver of 
entrepreneurial activity and economic performance. 
Nevertheless, empirical evidence suggests that the 
extent to which knowledge spills over and translates 
into entrepreneurial activity differs tremendously 
across different regions. These inconsistent results 
expose the knowledge spillover mechanism as a con-
cept that is not well understood. This paper is one 
of the few studies to propose an explanation for the 
seemingly inconclusive results that we find in the 
literature by considering the role of infrastructure in 
knowledge spillovers. Using a dataset of 67 countries, 
we examine the impact of different types of physical 
and digital infrastructure on the knowledge spillo-
ver mechanism. Our empirical results reveal that the 
extent to which knowledge translates into entrepre-
neurial activity largely depends upon the development 
of specific types of digital and physical infrastructure. 
This paper provides valuable insights into the knowl-
edge spillover mechanism by identifying certain fac-
tors that influence the extent to which knowledge 
translates into entrepreneurial activity. Furthermore, 
it has important policy implications for countries to 
promote entrepreneurial activity and economic per-
formance by developing certain types of physical and 
digital infrastructure.

Plain English Summary  This study shows that the 
physical and the digital infrastructure of a country 
play an important role in knowledge spillover entre-
preneurship. We identify certain types of infrastruc-
ture that have a pronounced impact on knowledge 
spillover entrepreneurship. Specifically, we identify 
the quality of the railroad infrastructure, the quality of 
electricity supply, and access to fixed broadband inter-
net to be conducive to entrepreneurial activity. Under-
standing which factors encourage knowledge spillo-
ver entrepreneurship is important because knowledge 
spillover entrepreneurship contributes to the economic 
performance of a country. Our findings also provide 
policymakers with suggestions on how to increase the 
level of knowledge spillover entrepreneurship within 
their country by highlighting the importance of spe-
cific types of physical and digital infrastructure.

Keywords  Knowledge spillover theory of 
entrepreneurship · Digital infrastructure · Physical 
infrastructure · Country-level entrepreneurship

JEL Classification  L26 · O18 · O43

1  Introduction

The Knowledge Spillover Theory of Entrepreneur-
ship provides the theoretical foundation for explain-
ing how knowledge translates into entrepreneurial 
activity and economic performance (Acs et al., 2013; 
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Audretsch, 1995). The theory suggests that the source 
of entrepreneurial activity originates from knowl-
edge created but not appropriated by incumbent 
organizations (Acs et  al., 2004). By commercializ-
ing unexploited knowledge of incumbent organiza-
tions, economic agents act as conduits between the 
R&D activities of incumbents and economic perfor-
mance (Caiazza et al., 2020). To date, KSTE scholars 
have already generated a plethora of insights into the 
knowledge spillover mechanism through which eco-
nomic agents become key contributors to economic 
performance (Audretsch & Belitski, 2020; Guerrero 
& Urbano, 2014).

However, many of these insights remain somewhat 
ambiguous and expose the knowledge spillover mecha-
nism as a concept that is not well understood. Although 
knowledge is regarded as a key driver of entrepreneurial 
activity, empirical evidence suggests that the knowledge 
spillover mechanism is not always equally success-
ful in translating knowledge into economic outcomes 
(Audretsch & Keilbach, 2008; Enkel et  al., 2009). 
While the theory has been empirically tested and con-
firmed – especially in the developed country context, 
the extent to which knowledge leads to entrepreneur-
ial activity and economic performance differs greatly 
across countries (Audretsch, 2007; Ejermo et al., 2011).

A central premise of the Knowledge Spillover The-
ory is that the mobility of knowledge is what allows 
economic agents to appropriate it. This indicates 
that encouraging the mobility of knowledge may 
impact the level of appropriation by economic agents. 
According to Audretsch et al. (2015), one factor that 
facilitates the mobility of knowledge is infrastructure 
which enables the connectivity of people. Increased 
connectivity may, in turn, spur knowledge diffusion 
by enabling interactions among economic agents and 
incumbents. Thus, infrastructure may play a deci-
sive role in spurring knowledge spillovers through 
increased interactions and by facilitating knowledge 
sharing which may explain why knowledge spillovers 
manifest themselves differently in different countries.

The purpose of this paper is to propose an expla-
nation for the seemingly inconclusive results that we 
find in the literature by considering the role of infra-
structure for knowledge spillover entrepreneurship. 
In particular, we investigate how the physical and the 
digital infrastructure of countries impact the knowl-
edge spillover mechanism. Using data on 67 countries 

over the period of 2009 to 2015, we test the moder-
ating effect of different physical and digital types of 
infrastructure on the link between knowledge and 
entrepreneurial activity. Our results suggest that infra-
structure has a pronounced effect on the knowledge 
spillover mechanism by enabling knowledge diffusion 
among economic agents. We further identify specific 
types of infrastructure that seem to be especially sup-
portive of knowledge spillovers and ultimately knowl-
edge spillover entrepreneurship.

Our study makes important contributions to the 
KSTE literature. First, we propose an explanation for 
the inconsistent results in the literature by highlight-
ing the essential role of infrastructure in the knowl-
edge spillover mechanism. We find that the relation-
ship between knowledge and entrepreneurial activity 
is amplified by the development of a country’s infra-
structure. Second, we further distinguish between dif-
ferent types of infrastructure and identify those that 
have a pronounced impact on knowledge spillover 
entrepreneurship. Interestingly, our findings suggest 
that a high-quality digital infrastructure that enables 
increased knowledge exchange between incumbent 
organizations and economic agents is especially ben-
eficial in knowledge spillovers.

2 � Theoretical framework

2.1 � The knowledge spillover theory of 
entrepreneurship

Entrepreneurship and economics scholars are 
increasingly interested in understanding the knowl-
edge spillover mechanism that is at the core of the 
Knowledge Spillover Theory of Entrepreneurship 
(KSTE) (Audretsch & Belitski, 2013; Audretsch 
et  al., 2021a, 2021b). The KSTE is centered around 
economic agents who perceive and actualize entre-
preneurial opportunities that stem from the exclusive 
R&D knowledge of incumbent organizations. These 
economic agents can be internal or external to the 
incumbent organization, e.g., former employees or 
external entrepreneurs who ascribe a higher value to 
the generated knowledge than the incumbent (Acs 
et  al., 2009). By appropriating knowledge that was 
generated by incumbents, economic agents serve as a 
knowledge spillover conduit.
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According to the logic of the KSTE, increased 
investments in knowledge by incumbent organiza-
tions should lead to increased levels of entrepre-
neurial activity (Audretsch & Lehmann, 2005; Ghio 
et al., 2015). Hence, a context that is rich in knowl-
edge provides economic agents with fertile soil to 
start a business and to ultimately contribute to eco-
nomic performance. While KSTE scholars have 
tested and clearly confirmed the knowledge spillover 
mechanism, empirics are less clear on the strength of 
its impact. In fact, we can observe differences in the 
extent to which knowledge is appropriated and trans-
lated by economic agents into entrepreneurial activity 
and economic performance.

Whereas studies set in the USA associate increases 
in knowledge with increases in entrepreneurial activ-
ity and economic performance (Qian, 2017; Tsvetk-
ova & Partridge, 2021), studies in other regions fail 
to generate the same results. For instance, we can 
observe these paradoxical results in Sweden and in 
the European Union, where investments in knowl-
edge did not automatically translate into economic 
performance in the past years (Audretsch & Keil-
bach, 2008). Instead, the so-called Swedish and Euro-
pean Union Paradoxe associate higher investments in 
knowledge with rather low innovation activities and 
economic performance (Audretsch & Keilbach, 2008; 
Ejermo et  al., 2011). These interesting yet incon-
clusive findings regarding the role of knowledge in 
entrepreneurial activity and economic performance 
motivate our research aim to understand which fac-
tors influence the knowledge spillover mechanism and 
explain the heterogeneous results that we observe.

2.2 � Infrastructure and knowledge spillover 
entrepreneurship

We draw on an associated body of literature that may 
clarify the ubiquitous confusion that we find in the 
KSTE literature. The scholarly conversation linking 
context-specific factors with entrepreneurial activity 
has grown tremendously over the past decade (Stam, 
2014; Welter et  al., 2017; Welter et  al., 2019), pro-
viding a promising avenue for advancing the KSTE 
literature. While the literature discusses a variety of 
external factors that enable or disable entrepreneurial 
activity (Davidsson, 2015), one factor that seems to 
be particularly relevant is infrastructure. In their sem-
inal piece, Audretsch et  al. (2015) provide a fruitful 

foundation for our analysis by investigating the link 
between infrastructure and general startup activity in 
different counties in Germany. The authors conclude 
that infrastructure and startup activity are positively 
related and that particular types of infrastructure are 
especially conducive to startup activity. Building on 
Audretsch et al. (2015), Bennett (2019) distinguishes 
between public and private infrastructure investments 
and their impact on startup activity. The author shows 
that especially private infrastructure investments are 
indicative of a higher entry of startups and identifies 
private infrastructure investments as having an “ena-
bling function” of startup activity (Bennett, 2019; p. 
19).

Audretsch et  al. (2015) ascribe the positive link 
between infrastructure and entrepreneurial activity 
to the increased connectivity of economic agents. In 
fact, the very purpose of infrastructure is to enable 
the mobility of people and labor (Audretsch & Belit-
ski, 2017; Belitski & Desai, 2016). By facilitating 
the mobility of a great variety of market participants 
including individuals, authorities, research institu-
tions, and non-governmental organizations (Stam, 
2014), physical infrastructure can provide the basis 
for interaction and exchange. As the KSTE assumes 
knowledge to be mobile and moving with its appro-
priator (economic agent), an infrastructure that facili-
tates interactions among these “transport mediums” 
of knowledge may spur knowledge diffusion. Spe-
cifically, physical infrastructure provides economic 
agents with a variety of transportation modes that 
allow for exchange in different places including but 
not limited to railway stations and airports as well as 
during transportation from one location to another. 
These personal interactions not only enable conversa-
tions among economic agents but also allow for the 
physical exchange of business documents, prototypes 
or product samples, etc. Hence, as economic agents 
as “transport mediums” of knowledge move around 
and exchange with others, knowledge disseminates 
and spillovers over. Consequently, the physical infra-
structure has the potential to increase the mobility of 
knowledge and to fuel knowledge diffusion among 
economic agents which is essential to the knowledge 
spillover mechanism.

In essence, we argue that the presence or absence 
of a well-developed physical infrastructure can 
encourage or constrain knowledge diffusion among 
economic agents. In fact, the development of a 
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country’s physical infrastructure may play a decisive 
role in the knowledge spillover mechanism and in the 
emergence of knowledge spillover entrepreneurship. 
Increased personal interactions allow for knowledge 
diffusion and may magnify knowledge spillovers to 
entrepreneurship. Thus, the development of a physical 
infrastructure should positively impact the extent to 
which knowledge leads to entrepreneurial activity and 
economic performance. Therefore, we hypothesize:

Hypothesis 1a: The relationship between knowl-
edge and entrepreneurial activity is positively 
moderated by a country’s physical infrastructure.

According to Audretsch et  al. (2015), differ-
ent types of infrastructure have different effects on 
entrepreneurial activity. In fact, research on entrepre-
neurship in cities suggests that physical conditions 
including transportation infrastructure and cultural 
amenities, such as green spaces, museums, and theat-
ers, may either encourage or restrain entrepreneurship 
(Audretsch & Belitski, 2017). Both transportation 
infrastructure and cultural amenities provide the basis 
for interactions, potentially facilitating the develop-
ment of networks among economic agents (Audretsch 
& Belitski, 2017) and contributing to local economic 
vibrancy and attractiveness (Feldman, 2014). Hence, 
there may be certain types of physical infrastructure 
that amplify knowledge spillovers more than others. 
Knowledge spillovers rely on the mobility and dif-
fusion of knowledge. Consequently, particular types 
of a country’s physical infrastructure that foster 
exchange and knowledge diffusion between economic 
agents, such as transportation or spaces of interaction 
including museums and theaters, may be especially 
important for fostering knowledge spillovers.

For instance, railroad transportation provides 
economic agents with a variety of opportunities for 
exchange. Next to presumably shorter interactions 
during waiting times on railroad platforms, economic 
agents can exchange with other passengers (eco-
nomic agents) and transmit knowledge during train 
rides. These interactions not only are tied to passen-
gers in adjacent seats but also can occur in onboard-
catering wagons that provide a place for interaction. 
Hence, a well-developed railroad infrastructure may 
have a positive effect on the knowledge spillover 
mechanism. Another example of a specific type of 
physical infrastructure that facilitates the mobility 

of economic agents is road infrastructure. However, 
unlike traveling via railroad, the use of cars does not 
allow for close personal interactions and knowledge 
exchange between travelers beyond their own car. The 
road infrastructure is designed to transport people via 
roads to their destination without the possibility to 
interact beyond stops at gas stations which presum-
ably are too short to exchange knowledge. Hence, as 
road infrastructure does not provide economic agents 
with places for longer exchanges, it is rather unlikely 
to encourage knowledge spillovers to entrepreneur-
ship. Specifically, it presumably is insignificant for 
the knowledge spillover mechanism. In essence, 
we argue that those types of physical infrastructure 
that provide the space and time for interactions and 
knowledge exchange are conducive to knowledge 
spillover entrepreneurship. Likewise, those types of 
physical infrastructure that do not allow for exchange 
may not be relevant for knowledge spillover entrepre-
neurship. Therefore, we hypothesize:

Hypothesis 1b: Specific types of physical infra-
structure have heterogeneous effects on the rela-
tionship between knowledge and entrepreneurial 
activity.

However, not only the physical infrastructure of 
a country may facilitate the mobility of knowledge 
among incumbents and economic agents, but also 
does the development of the digital infrastructure of 
a country. While physical interactions, such as meet-
ing at different types of company events or industry 
conferences, are essential for knowledge diffusion, 
digitalization has provided incumbent organizations 
and economic agents with new opportunities to share 
and appropriate knowledge. Distinguishing between 
the physical and the digital infrastructure of a coun-
try is important, as the underlying knowledge-sharing 
mechanisms seem to be inherently different and may, 
therefore, influence the extent to which knowledge 
leads to entrepreneurial activity and economic per-
formance in different ways. In fact, the development 
of digital infrastructure has increased greatly over the 
past two decades and, hence, is relatively new in com-
parison to traditional types of physical infrastructure.

In their seminal piece on digital technologies and 
entrepreneurship, von Briel et  al. (2018) concep-
tualize digital technologies as external enablers of 
venture creation. In fact, digitalization has allowed 
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for the emergence of various digital channels which 
enable knowledge sharing among incumbent organi-
zations and economic agents. Contrary to knowl-
edge sharing through physical interactions, digital 
channels allow instant knowledge sharing not only 
between a limited number of incumbents and eco-
nomic agents but also among every individual that 
has access to these channels. Hence, digital chan-
nels are not subject to physical boundaries but rather 
enable economic agents to engage with a variety of 
market participants and access large amounts of data, 
for instance, through websites, social media, or blogs 
(Autio et al., 2018; Goswami et al., 2018; Thompson 
et  al., 2018). In addition, a well-developed digital 
infrastructure provides economic agents with oppor-
tunities to quickly test ideas, build prototypes, and 
collect customer feedback (Belitski et  al., 2023), all 
of which generate knowledge that is essential to the 
launch of a new venture. Hence, the development of a 
digital infrastructure should amplify knowledge spill-
overs. Therefore, we hypothesize:

Hypothesis 2a: The relationship between knowl-
edge and entrepreneurial activity is positively 
moderated by a country’s digital infrastructure.

While the digital infrastructure provides eco-
nomic agents with extensive opportunities to connect 
with one another (Belitski et  al., 2023), there may 
be specific types of a country’s digital infrastruc-
ture that encourage knowledge spillovers more than 
other types. Some types may be more conducive to 
facilitating the mobility of knowledge and ultimately 
knowledge diffusion among incumbents and eco-
nomic agents. In fact, a survey commissioned by 
Google (Digitally Driven, 2021) illustrates that the 
value of digital tools for firm performance differs 
depending on the digital tool in use. In this regard, 
broadband infrastructure is presumably more relevant 
for knowledge spillover entrepreneurship as it pro-
vides economic agents with access to large amounts 
of information. In addition, it facilitates interactions 
between economic agents and allows access to and 
sharing of knowledge in the form of files, documents, 
prototypes, etc. In contrast, other types of digital 
infrastructure that do not entail the benefits of interac-
tion or sharing of knowledge may be less conducive 
to knowledge spillover entrepreneurship. Therefore, 
we expect the extent to which specific types of digital 

infrastructure impact the knowledge spillover mecha-
nism to differ. We hypothesize:

Hypothesis 2b: Specific types of digital infrastruc-
ture have heterogeneous effects on the relationship 
between knowledge and entrepreneurial activity.

In essence, we suggest that infrastructure is an 
overlooked area in the KSTE literature which needs 
to be examined, as it may help us explain the incon-
sistent results that we observe in the literature. Inves-
tigating both the development of the physical and the 
digital infrastructure is especially important because 
of two reasons. First, a central premise of the KSTE 
is the geographical proximity of economic agents 
to public and private research institutions. Hence, 
engagement and exchange between economic agents 
and incumbent organizations require a well-devel-
oped physical infrastructure. Second, over the past 
years, digitalization has accelerated tremendously, 
enabling knowledge sharing via various digital chan-
nels. We argue that these new knowledge-sharing 
channels need to be taken into account when examin-
ing the knowledge spillover mechanism, as they rep-
resent a major source of knowledge, whose adoption 
was immensely accelerated by the COVID pandemic.

3 � Data and methodology

To examine the role of infrastructure in knowledge 
spillovers to entrepreneurship, we use country-level 
data from different sources including the Global 
Entrepreneurship Monitor (GEM), the World Bank, 
and the World Economic Forum. The GEM project 
collects comprehensive data on entrepreneurial activ-
ity across countries and is commonly used in coun-
try-level research (Anokhin & Wincent, 2012; Koe-
llinger, 2008). In line with previous research on the 
KSTE (De Clercq et al., 2008; González-Pernía et al., 
2015), we complement the GEM data with macroeco-
nomic data from the World Bank database as supplied 
by the UNESCO Institute for Statistics (2023). Lastly, 
we use data from the Global Competitiveness Report 
of the World Economic Forum. The World Economic 
Forum administers an Executive Opinion Survey each 
year that collects data on the opinion of executives 
around the world toward the business environment 
they operate (Schwab & Sala-i-Martín, 2015). For 
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instance, the survey asks participants to assess the 
quality of infrastructure in their country. The World 
Economic Forum further complements the Executive 
Opinion Survey with data on the technological readi-
ness of countries from the International Telecommu-
nications Union. Table 1 provides a short description 
of each variable including its data source.

3.1 � Variables

Knowledge spillover entrepreneurship is character-
ized by its innovative nature and its contribution 
to economic performance (Audretsch et  al., 2008). 
In accordance with previous research on the KSTE 
(Kirschning & Mrożewski, 2023), we measure knowl-
edge spillover entrepreneurship using GEM data on 
improvement-driven opportunity-motivated entrepre-
neurial activity, hereafter referred to as opportunity-
driven entrepreneurship (OTEA). Opportunity-driven 
entrepreneurs are defined as the fraction of those that 
are involved in entrepreneurial activity that claim to 
be driven by opportunity (Global Entrepreneurship 
Monitor, 2023). Opportunity-driven entrepreneurship 
represents an appropriate proxy for knowledge spillo-
ver entrepreneurship as it is associated with country-
level innovation (Mrożewski & Kratzer, 2017) and 
economic impact (Block et al., 2015).

One essential component of the knowledge spillo-
ver process is the amount of knowledge that is avail-
able as provided by universities and research insti-
tutions. We include the variable expenditures on 
research and development (R&D), expressed as a 
percent of GDP1 (ERD), to approximate the poten-
tial supply of knowledge within a country. The meas-
ure comprises capital and current expenditures of 
business enterprises, governmental institutions and 
higher education, and private non-profit organiza-
tions (World Bank, 2022). It is frequently used in the 
KSTE literature as a proxy for knowledge stock (Acs 
et  al., 2012; Audretsch & Vivarelli, 1996; Iftikhar 
et al., 2022).

To approximate the infrastructural development 
of a country, we use measures of different types 
of a country’s infrastructure, as rated by business 

executives that took part in the Executive Opinion 
Survey of the World Economic Forum. Consist-
ent with existing entrepreneurship literature, we 
acknowledge that different types of infrastructure 
may have different effects on entrepreneurial activity 
(Audretsch et  al., 2015; Valliere & Peterson, 2009). 
In fact, we further distinguish between specific types 
of physical infrastructure and digital infrastructure 
that allow knowledge exchange. We operationalize 
the physical infrastructure of a country through mul-
tiple variables of the Global Competitiveness Report. 
Experts were asked to assess the quality of the dif-
ferent types of physical infrastructure on a scale 
from one to seven (Schwab & Sala-i-Martín, 2015). 
We include the quality of the railroad infrastructure 
(QRR), the quality of roads (QRO), and the quality of 
air transportation infrastructure (QAT).

Next to the physical infrastructure of a country, we 
consider the digital infrastructure as an important ele-
ment in the exchange and mobilization of knowledge 
stock and, thus, essential to the knowledge spillover 
mechanism. We measure the digital infrastructure 
using data on the technological development of a 
country as provided by the World Economic Forum. 
Firstly, we employ a measure of the quality of elec-
tricity supply (QES) which again was assessed by 
business executives as part of the Executive Opinion 
Survey. Secondly, we include variables that reflect the 
provision of broadband services within a country. In 
particular, we examine fixed broadband internet sub-
scriptions (FBIS), measured per 100 population, and 
mobile telephone subscriptions (MTS), measured per 
100 population.2 Data on both fixed broadband sub-
scriptions and mobile telephone subscriptions was 
collected by the International Telecommunications 
Union and accessed through the Global Competitive-
ness Report of the World Economic Forum.

According to Chowdhury et  al. (2019), the insti-
tutional environment of a country affects the emer-
gence of entrepreneurial activity. Therefore, it is also 
likely to impact the knowledge spillover process. In 
fact, Acs et  al. (2004) summarize this phenomenon 
under the concept of the knowledge filter and argue 
that the institutional setting, e.g., legal regulations 

1  We use the natural logarithm of expenditures on R&D, 
expressed as a percent of GDP.

2  We use the natural logarithm of fixed broadband internet and 
mobile telephone subscriptions.
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or restrictions, may prevent or encourage knowledge 
spillover entrepreneurship. Therefore, we control 
for the institutional environment of a country, using 
the annual percentage growth rate of Gross Domes-
tic Product (GDPG) (Acs et al., 2009). Furthermore, 
we control for the log of the population (POP), as 
knowledge spillover entrepreneurship may, to some 
extent, depend on a country’s population size. Log 
of the population (POP) is a frequently used control 
variable in country-level entrepreneurship research 
(Anokhin & Wincent, 2012; Boudreaux & Nikolaev, 
2019).

3.2 � Methodology

To test our three hypotheses, we conduct moderated 
ordinary least squares (OLS) regression analyses. 
Our dataset comprises 67 countries and covers the 
period from 2009 to 2015. We opted for a country-
level research design as differences in the develop-
ment level of infrastructure are especially prominent 
across countries. In fact, a report by the International 
Monetary Fund (Abiad et  al., 2014) reveals a large 
variation in the availability of infrastructure per cap-
ita. While differences appear to be particularly large 
between developing countries and developed coun-
tries, Abiad et  al. (2014) also identify infrastructure 
discrepancies across a variety of developed countries, 
e.g., the USA vs. Sweden. These substantial differ-
ences across countries render our country-level focus 
a particularly interesting unit of analysis.

To address causality issues associated with OLS 
regression analyses, we use lagged independent vari-
ables. The time lag further matches the spillover logic 
of the KSTE which assumes that knowledge spillo-
vers do not occur immediately, but that knowledge 
takes time to be commercialized (Ghio et al., 2015). 
In line with previous studies on the knowledge spillo-
ver mechanism (Audretsch & Belitski, 2020; Iftikhar 
et al., 2022; Qian & Acs, 2013), we opted for a one-
year time lag which reflects the relationship between 
knowledge generation and diffusion in one period and 
entrepreneurial activity in the subsequent year. Our 
dataset only consists of countries with at least two 
observations for each variable which we aggregate. 
Table 2 reports the descriptive statistics and the cor-
relation matrix. The correlation coefficients between 

the independent variables of the six models are well 
within the limits. Next to the correlation coefficients, 
we investigate the Variance Inflation Factors (VIF) 
for each variable which are all below the conventional 
threshold of 4, the highest being 3.1 for our fixed 
broadband internet subscriptions variable.

4 � Empirical results and discussion

The purpose of this paper is to propose an explana-
tion for the seemingly ambiguous results that we find 
in the KSTE literature. Although there is a common 
understanding that knowledge promotes entrepre-
neurial activity and economic performance, empirical 
evidence shows that the extent to which knowledge 
spills over from incumbent organizations to economic 
agents is not equally observable across different coun-
tries (Audretsch & Keilbach, 2008). Table 3 summa-
rizes the empirical results of our regression analyses, 
testing the moderating role of various types of physi-
cal and digital infrastructure in knowledge spillovers 
from incumbent organizations to economic agents. 
Models 1–3 test hypothesis 1a and hypothesis 1b 
which suggest that the relationship between knowl-
edge and entrepreneurial activity is positively moder-
ated by a country’s physical infrastructure (H1a) and 
that specific types of physical infrastructure are of 
different importance in knowledge spillovers (H1b). 
Hypothesis 2a and hypothesis 2b which propose that 
the relationship between knowledge and entrepre-
neurial activity is positively moderated by a country’s 
digital infrastructure (H2a) and that specific types of 
digital infrastructure are of different importance in 
knowledge spillovers (H2b) are tested in models 4–6.

The results for model 1 show that the quality of the 
railroad infrastructure (QRR) significantly moderates 
the knowledge spillover relationship between incum-
bent organizations and entrepreneurial activity. The 
positive interaction term (β 0.240; p < 0.05) is signifi-
cant at the 5% level, suggesting that knowledge spillo-
vers are strengthened through a higher-quality rail-
road infrastructure. The positive effect of a country’s 
railroad infrastructure on knowledge spillovers may 
be ascribed to the facilitation of interactions between 
people through increased transportation of economic 
agents by rail. The KSTE assumes knowledge to be 
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mobile. Hence, an infrastructure that facilitates the 
connectivity of people and, thereby, the mobility of 
knowledge encourages knowledge spillovers. This 
finding is in line with Audretsch et  al. (2015) who 
also find that investments in the railway infrastruc-
ture are conducive to startup activity. Our findings 
are also consistent with Woolley (2014), who argued 
that interaction is a key driver of new venture crea-
tion, which in our case manifests itself vicariously in 
the importance of a country’s quality of the railroad 
infrastructure in knowledge spillovers.

Model 2 and model 3 test the impact of the qual-
ity of roads (QRO) and the quality of air transporta-
tion infrastructure (QAT) on knowledge spillovers, 
respectively, and yield insignificant results, indicat-
ing that there is no empirical evidence confirming 
that increasing the quality of roads and air transpor-
tation promotes knowledge spillovers. It comes as 
no surprise that the quality of roads may not encour-
age knowledge spillovers. In fact, there has been an 
ongoing scholarly debate on the impact of highway 
infrastructure on economic activity. While some stud-
ies find positive effects of highway infrastructure on 
entrepreneurial activity, other studies report nega-
tive effects (Bennett, 2019; Chandra & Thompson, 
2000). On the one hand, these contrary effects can be 
ascribed to the enabling role of highway infrastruc-
ture such that an increase in quality reduces trans-
portation costs and allows increased mobility (Chan-
dra & Thompson, 2000). On the other hand, some 
industries may be affected by the relocation of eco-
nomic activity to another area (Chandra & Thomp-
son, 2000). An alternative explanation for the insig-
nificance of road quality in knowledge spillovers may 
be the fact that mobility via cars is decentralized. In 
contrast to railway mobility, mobility via cars allows 
economic agents to travel without the need to interact 
with one another beyond stops at gas stations. Hence, 
individuals who travel by car circumvent interac-
tions and knowledge diffusion which are essential to 
knowledge spillovers.

Next to the quality of roads, the quality of air trans-
portation also yields insignificant empirical results. 
An explanation for the insignificance of the quality 
of air transportation infrastructure may be that the 
air transportation infrastructure is rather important 
for the mobility of people across different countries 

rather than within countries. Therefore, it may not 
promote knowledge spillover entrepreneurship within 
the boundaries of one country but rather between 
countries which cannot be measured with our dataset. 
Overall, these results testing the impact of different 
types of physical infrastructure in knowledge spillo-
vers lend support for Hypothesis 1a while indicating 
that there are heterogeneous effects of different types 
of physical infrastructure on the knowledge spillover 
mechanism (H1b). In essence, our results regard-
ing the role of the physical infrastructure in knowl-
edge spillovers suggest that especially the railroad 
infrastructure promotes knowledge diffusion between 
incumbent organizations and economic agents by 
enabling the connectivity of people and, thereby, the 
mobility of knowledge.

As indicated above, models 4–6 investigate the 
role of the digital infrastructure in knowledge spillo-
vers. In particular, model 4 and model 5 provide 
empirical evidence that increasing the quality of elec-
tricity supply (QES) and the number of fixed broad-
band internet subscriptions (FBIS) has a positive 
impact on the relationship between knowledge and 
entrepreneurial activity. The statistically significant 
interaction terms for model 4 (β 0.258; p < 0.05) and 
model 5 (β 0.319; p < 0.05) indicate that knowledge 
spillovers are strengthened in countries with higher-
quality electricity supply and increased access to 
fixed broadband internet. The importance of the qual-
ity of electricity supply in knowledge spillovers may 
be explained by the fact that quality electricity supply 
is necessary for economic agents to be able to access 
the internet with a stable connection. Thus, a high-
quality electricity supply enables incumbent organi-
zations and economic agents to access and convey 
knowledge through various digital channels, thereby 
fuelling knowledge spillovers. Likewise, fixed broad-
band internet is also conducive to knowledge spillo-
vers, again indicating that increased access to the 
internet fosters knowledge diffusion. This finding is in 
line with Heger et al. (2011) who label broadband as 
a type of venture promoter.

In contrast, mobile telephone subscriptions (MTS) 
seem not to be as important in knowledge spillo-
vers as the other two types of digital infrastructure, 
which can be concluded from the insignificant inter-
action term. One reason as to why mobile telephone 
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subscriptions are not relevant in knowledge spillovers 
may lie in the user behavior of mobile telephone sub-
scribers. In fact, mobile telephone services are com-
monly used with the smartphone. Although mobile 
phones enable interactions between market par-
ticipants, spillover effects require the transmission 
of complex technical knowledge which may prove 
rather difficult through a mobile phone. In fact, one 
may argue that complex technical knowledge requires 
economic agents to put in effort and time to appre-
hend it rather than accessing it on the go with a small 
(mobile) display which is the case when using mobile 
telephone services with the smartphone. Likewise, 
viewing large files that convey complex knowledge 
(e.g., business documents, files or prototypes) on the 
smartphone may lack usability and seems to be rather 
done on a computer. This may explain why mobile 
telephone subscriptions exhibit an insignificant effect 
on knowledge spillovers. Overall, these empirical 
results lend support to Hypothesis 2a, suggesting that 
different kinds of digital infrastructure have heteroge-
neous effects on the knowledge spillover mechanism 
(H2b). In particular, our results imply that the qual-
ity of electricity supply and fixed broadband internet 
subscriptions promote knowledge spillovers to entre-
preneurship. We test this finding by repeating our 
analysis with a measure from the World Bank that 
reflects the percentage of individuals using the inter-
net (IUI). The empirical results reveal a positive and 
significant interaction term (β 0.273; p < 0.05), con-
firming the positive effect of internet usage on knowl-
edge spillovers.3

To confirm the robustness of our findings, we con-
ducted additional analyses. First, we recalculated our 
models using an alternate measure of knowledge. 
KSTE scholars operationalize knowledge through a 
variety of measures. While expenditures on research 
and development is probably one of the most fre-
quently used ones, there are other measures that rep-
resent good proxies for the amount of knowledge that 
is available within a country. In line with the KSTE 
literature (Audretsch et al., 2008, 2021a, 2021b), we 
perform our analyses with the knowledge measure 
researchers working in R&D (RES) from the World 
Bank. The results confirm our initial findings, reveal-
ing positive and statistically significant interaction 

terms for the quality of the railroad infrastructure 
(QRR), the quality of electricity supply (QES), and 
the number of fixed broadband internet subscriptions 
(FBIS). Empirical results are shown in Table 5.

Second, we repeat our analysis with different con-
trol variables to account for variations in knowledge 
spillover entrepreneurship that cannot be attributed 
to our independent variables. In fact, the uneven 
distribution of the population within a country may 
similarly result in the uneven development of infra-
structure (Audretsch & Belitski, 2017). To address 
this potential impact on knowledge spillover entre-
preneurship, we perform our analysis with the con-
trol variables urban population as a percentage of 
the total population (URBN) and population density 
(POPDENS) measured as the population per land 
area from the World Bank. Similarly, we account for 
variation in countries’ total land areas and the poten-
tially uneven distribution of infrastructure which may 
be especially prominent in larger countries. Specifi-
cally, we recalculate our models with the control vari-
ables log of country area (CSIZE) measured as total 
land in square kilometers and log of the population 
(POP). The results remain robust. Tables 5 and 6 pre-
sent the respective results.

Furthermore, we run additional analyses control-
ling for the sectoral structure within a country where 
we distinguish between manufacturing value added 
as a percentage of GDP (SECT_MAN), services 
value added as a percentage of GDP (SECT_SERV), 
and agriculture (including fishing and forestry) value 
added as a percentage of GDP (SECT_AGR). Lastly, 
we control for the availability of human capital within 
a country, drawing on data from the World Bank on 
government expenditure on education as a percentage 
of GDP (HUMCAP). Our results remain robust to any 
of these changes in control variables and are shown in 
Table 7.

The findings of our study now raise the question 
of whether the physical and the digital infrastructure 
of a country complement or substitute each other. 
While our empirical results do not allow for a defi-
nite answer, we presume complementarity/substitu-
tion of the physical and the digital infrastructure to 
be context-dependent. Specifically, we view these two 
types of infrastructure to be complements in times of 
business as usual and substitutes in times of (global) 
crises, such as the COVID pandemic. The COVID 
pandemic put the use of physical infrastructure and, 3  Empirical results can be found in Table 4.
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hence, physical interactions between economic agents 
to a halt, forcing economic agents to rely on digi-
tal channels to communicate and share knowledge. 
This substitution effect, for instance, manifested in a 
steep decline in the use of transportation and a sharp 
increase in remote work (Bruhn et  al., 2023; Nundy 
et al., 2021), moving interactions between economic 
agents online.

However, in times of business as usual, it is 
unlikely that the increased connectedness through 
digital infrastructure has the potential to fully sub-
stitute the advantages of physical infrastructure, 
allowing for in-person meetings. In fact, recent 
research has found evidence that shifting away from 
in-person interactions might affect the innovation 
processes negatively. While certain activities that 
pertain to the later stages of the innovation pro-
cess (e.g., idea selection) can be done online with-
out efficiency losses, other elements, particularly 
at the early stages of the process (e.g., idea genera-
tion), are more effective when conducted in person 
(Brucks & Levav, 2022). These dynamics might be 
particularly true in knowledge and technology trans-
fer contexts, as tacit knowledge and technology are 
best explained and demonstrated in person (Hovhan-
nisyan & Keller, 2015). Taking this into account, 
we argue that both physical and digital infrastruc-
ture complement each other in encouraging knowl-
edge spillover entrepreneurship in times of business 
as usual. Contrarily, in times of crisis, one type of 
infrastructure may prove more important and substi-
tute the other to some extent.

5 � Conclusion

The KSTE literature has provided important insights 
into the role of entrepreneurial activity as a knowl-
edge spillover conduit. While knowledge is unques-
tionably a driver of innovation and economic per-
formance, empirical results are inconsistent and 
differ in the extent to which knowledge promotes 
entrepreneurial activity and economic performance. 
Contrary to the logic of the KSTE, the Swedish and 
the European Union Paradoxe associate increases in 
knowledge with low innovation activities and eco-
nomic performance. This paper seeks to understand 

why knowledge spillovers manifest themselves dif-
ferently in different countries. Our results shed light 
on the inconsistent KSTE literature by emphasizing 
the role of infrastructure in the knowledge spillover 
mechanism.

We investigate both the physical and the digital 
infrastructure across countries and show that certain 
types of physical and digital infrastructure are of dif-
ferent importance in knowledge spillovers. In particu-
lar, our findings suggest that especially the quality of 
the railroad infrastructure, the quality of electricity 
supply, and access to fixed broadband internet pro-
mote knowledge spillovers from incumbent organiza-
tions to economic agents. These positive effects may 
be ascribed to increased interactions among incum-
bent organizations and economic agents which seem 
to be facilitated by these types of infrastructure. Thus, 
the extent to which knowledge promotes entrepre-
neurial activity across countries can be explained by 
taking into account these types of infrastructure.

Our study makes three important contributions 
to the KSTE literature. First, we propose an expla-
nation for the seemingly inconclusive results that 
we observe in the KSTE literature by highlighting 
the role of infrastructure for knowledge spillover 
entrepreneurship. In fact, our findings suggest that 
countries with a more developed digital and physi-
cal infrastructure exhibit higher levels of knowl-
edge spillover entrepreneurship than countries with 
a less developed infrastructure. We show that three 
types of infrastructure are particularly conducive to 
knowledge spillovers. These types of infrastructure 
allow the mobility of knowledge through increased 
interactions among incumbent organizations and 
economic agents, thereby encouraging knowledge 
diffusion. Second, our findings further imply not 
only that knowledge is a key driver of knowledge 
spillover entrepreneurship and should, therefore, be 
encouraged but also that infrastructure is an essen-
tial component of the knowledge spillover mecha-
nism which should not be overlooked. Finally, we 
contribute to the scholarly conversation linking 
context-specific factors with entrepreneurial activ-
ity that has called for further research on the impact 
of infrastructure on entrepreneurship. As Audretsch 
et  al., (2015, p. 226) rightfully note, “infrastruc-
ture may be one of the most overlooked influences 
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of entrepreneurial activity.” We address this gap by 
highlighting the role of infrastructure for knowledge 
spillover entrepreneurship.

Next to contributing to the KSTE literature, our 
study has practical implications for policymakers 
that aim to increase knowledge spillover entrepre-
neurship within their country. Our findings sug-
gest that knowledge spillover entrepreneurship 
can be encouraged by developing both the physi-
cal and the digital infrastructure of a country. 
Specifically, policymakers should invest in the 
railway infrastructure to enhance the connectivity 
of people and foster interactions between them. 
Next to investing in the expansion of the railway 
network, policymakers should also allocate funds 
to make rail use more attractive as well as to cre-
ate spaces within trains that encourage interaction 
among passengers. The design of these spaces 
may be inspired by the concept of co-working 
spaces that already manage to successfully enable 
knowledge sharing (Bouncken et al., 2023). Like-
wise, policymakers can encourage knowledge 
spillover entrepreneurship by investing in fixed 
broadband infrastructure as well as by increasing 
the expansion of power grids. This enables eco-
nomic agents to engage with a variety of market 
participants and to access and convey knowledge 
through various digital channels. In essence, our 
findings suggest that infrastructure should be an 
integral part of innovation policy instead of only 
being regarded as a means of transportation or 
information technology.

Although our study makes several important con-
tributions to the KSTE literature, it is not without 
inherent limitations which, however, represent fruit-
ful avenues for future research. While the chosen 
research method allows us to observe the impact of 
infrastructure on knowledge spillovers at the coun-
try level, it does not provide definite evidence for 
causal effects. To address the causality issues asso-
ciated with OLS regressions, we use lagged inde-
pendent variables. However, future research is still 
advised to investigate the relationships using panel 
estimations. Although our study provides interesting 
insights into the role of infrastructure for knowledge 
spillover entrepreneurship, we do not distinguish 
between different types of entrepreneurial firms. As 
research suggests that firm characteristics, e.g., firm 
size, partially determine the relevance of regional 
versus national types of infrastructure (Audretsch & 
Belitski, 2023), we advise future research to examine 
the role of different firm characteristics in knowledge 
spillovers encouraged through infrastructure. Fur-
thermore, we decided to conduct our study on the 
country level, although the majority of KSTE studies 
examine the knowledge spillover mechanism on the 
regional level (Fotopoulos, 2022; Qian, 2018). While 
the country-level focus is rather unique to our study, 
we still believe that it would be interesting to inves-
tigate the impact of regional infrastructure in knowl-
edge spillovers to get a more nuanced understanding 
of the mechanism. Therefore, we encourage scholars 
to investigate the role of infrastructure in knowledge 
spillovers on the regional level.
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Table 1   Data sources and variable definitions

Variable Abbreviation Definition Source

Improvement-driven, opportunity-
motivated entrepreneurial activity

OTEA Percentage of those involved in 
entrepreneurial activity aged 18–64 
who claim to be opportunity-driven 
rather than finding no other option 
for work and whose main driver is 
being independent or increasing 
their income rather than maintain-
ing their income

Global Entrepreneurship Monitor

Expenditures on R&D ERD Gross domestic expenditures on 
R&D, as a percent of GDP

World Bank

Quality of railroad infrastructure QRR Experts answered the question: How 
is the quality (condition and exten-
siveness) of the railroad system in 
your country?

World Economic Forum

Quality of roads QRO Experts answered the question: How 
is the quality (condition and exten-
siveness) of road infrastructure in 
your country?

World Economic Forum

Quality of air transportation infra-
structure

QAT Experts answered the question: 
How is the quality (condition and 
extensiveness) of airports in your 
country?

World Economic Forum

Quality of electricity supply QES Experts answered the question: How 
reliable is the electricity supply in 
your country?

World Economic Forum

Fixed broadband internet subscrip-
tions

FBIS Number of subscriptions for high-
speed access to the public internet 
(Ln)

World Economic Forum/ International 
Telecommunications Union

Mobile telephone subscriptions MTS Number of subscriptions to a public 
mobile telephone service

World Economic Forum/ International 
Telecommunications Union

GDP growth GDPG Annual percentage growth rate of 
GDP at market prices

World Bank

Population POP Total population of a country World Bank

Appendix
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Table 3   Regression results

*p < 0.1
**p < 0.05
***p < 0.01

(1) OTEA (2) OTEA (3) OTEA (4) OTEA (5) OTEA (6) OTEA

ERD 0.476*** 0.307** 0.248* 0.218 0.324** 0.515***
QRR 0.120
QRO 0.367***
QAT 0.486***
QES 0.481***
FBIS 0.430**
MTS 0.050
ERD*QRR 0.240**
ERD*QRO 0.021
ERD*QAT 0.096
ERD*QES 0.258**
ERD*FBIS 0.319**
ERD*MTS –0.079
GDPG 0.203 0.191 0.156 0.203 0.250* 0.198
POP –0.169 –0.091 –0.088 –0.015 –0.081 –0.128
R2 0.299 0.315 0.396 0.369 0.317 0.236
Adj. R2 0.241 0.259 0.347 0.317 0.260 0.175
N 67 67 67 67 67 67

Table 4   Regression results: internet usage

*p < 0.1
**p < 0.05
***p < 0.01

(1) OTEA

ERD 0.291
IUI 0.392**
ERD*IUI 0.273**
GDPG 0.229*
POP –0.034
R2 0.367
Adj. R2 0.315
N 67
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Table 6   Robustness tests: 
country size and population

*p < 0.1
**p < 0.05
***p < 0.01

(19) OTEA (20) OTEA (21) OTEA (22) OTEA (23) OTEA (24) OTEA

ERD 0.403** 0.229* 0.175 0.153 0.293* 0.444***
QRR 0.131
QRO 0.382***
QAT 0.528***
QES 0.472***
FBIS 0.346*
MTS 0.021
ERD*QRR 0.267**
ERD*QRO 0.051
ERD*QAT 0.120
ERD*QES 0.303***
ERD*FBIS 0.334**
ERD*MTS –0.089
POP –0.229 –0.126 –0.166 –0.073 –0.106 –0.101
CSIZE 0.178 0.142 0.189 0.168 0.128 0.042
R2 0.283 0.298 0.395 0.353 0.284 0.210
Adj. R2 0.225 0.241 0.346 0.300 0.226 0.145
N 67 67 67 67 67 67
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