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Abstract
Entrepreneurship is one of the main pillars of growth in any economy. Achieving a 
high rate of entrepreneurship in a region has become the priority objective of gov‑
ernments and firms. However, in many cases, new firm creation is conditioned by 
relations or collaboration in innovation with agents from other countries. Previous 
literature has analyzed the mechanisms that foster entrepreneurship. This paper 
attempts to shed light on the influence of international patent collaboration (IPC) 
on entrepreneurial activity at country level taking into account the timing of this 
relationship. An empirical study is proposed to verify whether IPC leads to greater 
entrepreneurship and to analyze the gestation period between international patent‑
ing actions and firm creation. Using the Generalized Method of Moments, the two 
hypotheses proposed were tested in a data panel of 30 countries for the period 2005–
2017. Results show the influence of IPC in promoting entrepreneurship in the same 
year, but especially in the following year. The study offers implications for entrepre‑
neurs and public agents. IPC affects the integration and interaction of international 
agents in a country, favors the production of new knowledge, and increases positive 
externalities in a territory. All this facilitates the creation of new companies with a 
high innovative component.

Resumen
El emprendimiento es uno de los principales pilares del crecimiento de cualquier 
economía. Lograr una alta tasa de creación de empresas en una región se ha con‑
vertido en el objetivo prioritario de los gobiernos y las empresas. Sin embargo, en 
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muchos casos la creación de nuevas empresas está condicionada por las relaciones o 
colaboraciones en materia de innovación con agentes de otros países. Trabajos pre‑
vios han analizado los mecanismos que fomentan el emprendimiento. En el presente 
documento se intenta arrojar luz sobre la influencia de la colaboración internacional 
en materia de patentes (IPC) en el emprendimiento a nivel de país teniendo en cuenta 
el momento en que se establece esa relación. Se propone un estudio empírico para 
verificar si la IPC conduce a un mayor emprendimiento y analizar el período de ma‑
terialización entre el desarrollo de la patente y la creación de una nueva empresa. 
Utilizando el método generalizado de los momentos (GMM), las dos hipótesis pro‑
puestas se probaron en un panel de datos de 30 países para el período 2005–2017. 
Los resultados muestran la influencia de la IPC sobre el emprendimiento en el mismo 
año, pero especialmente en el año siguiente. El estudio ofrece diferentes implica‑
ciones para los empresarios y los agentes públicos. La IPC afecta a la integración e 
interacción de los agentes internacionales en cada país, favorecen la producción de 
nuevos conocimientos y aumentan las externalidades positivas en el territorio. Todo 
ello hace posible la creación de nuevas empresas con un alto componente innovador.

Keywords  Entrepreneurship · International patent collaboration · Innovation · 
Co-patents

JEL codes  M13 · M16

Summary highlights

Contributions: This paper attempts to shed light on the influence of international patent 
collaboration (IPC) on entrepreneurial activity at country level, taking into account the 
timing of this relationship. This study contributes to entrepreneurship literature in two 
main aspects. Firstly, patents have already been related with entrepreneurship but, as far 
as we know, there is only one international empirical study on this relation (Goel et al. 
2016). This previous paper focuses on comparing the effects of knowledge flows on the 
formal and informal sectors and determining multilateral spatial spillovers of innova‑
tion, but it does not analyze the timing of the relationship. In another paper, the same 
authors’ study time lags in the patent-entrepreneurship nexus but their scope is not 
international. This study aims to fill this gap in the literature by focusing on timing and 
also adopting an international scope. Secondly, using the two-step difference GMM, we 
study this relationship using panel data at country level for a period of 12 years.

Research questions and purpose: Previous literature suggests indirect relationships 
between innovation, patents, and entrepreneurship. This paper attempts to shed 
light on the influence of IPC on entrepreneurial activity at country level taking into 
account the timing of this relationship. To address this gap in the literature, we pro‑
pose one main question: Does international patent collaboration have an effect on 
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entrepreneurship? Also, another secondary question is included: How much time it 
takes to materialize?

Basic research methodology and information: To address the research questions of 
this paper, we analyze a panel data of 30 countries over the period between 2005 and 
2017. Since we use a panel data structure, in case of causality problems, we adopt 
the two-step difference GMM (Generalized Method of Moments) as our estimation 
method.

Database/Information: We obtain information from four different databases: Global 
Entrepreneurship Monitor Database, EPO’s Worldwide Statistical Patent Database, 
Global Competitiveness Report, and Corruption Perceptions Index Database.

Results/findings: Our results confirm the positive relationship of a 1-year incre‑
ment in IPC on entrepreneurship in the same period of analysis. This influence 
is higher when we consider a 1-year increment in the dependent variable TEA 
and greater when we analyze the impact of IPC on the entrepreneurship rates 
of period t + 1. In addition, when we analyzed the effect of unidirectional pat‑
ents collaboration on entrepreneurship, we observe that they behave differently. 
While patents invented abroad exert a negative and significant influence on 
TEAt+1, patents invented by foreign researchers have a positive and significant 
influence on TEAt+1. According to these results, we can confirm that patents 
developed in a country, in collaboration with other countries or developed by 
foreign researchers, contribute to increased entrepreneurship rates in that coun‑
try in the same year but achieve a particular advantage 1 year later. Conversely, 
the fact that national researchers develop patents in other countries may contrib‑
ute to reduced entrepreneurship rates in their home country in subsequent years.

Limitations and future research directions: The main limitation of this study is the 
lack of less developed countries in the sample. IPC may differ between developed 
and developing countries, so we cannot extrapolate our findings to all countries. 
Moreover, this type of collaboration may imply mobility, but we do not know the 
characteristics of mobility. Future lines of research might cover IPC in less devel‑
oped countries since the level of development explains why the level of entrepre‑
neurial activity is different among countries. It would also be of interest to analyze 
the type of collaboration and the type of industry and industrial agents involved in 
collaboration (firm to firm, public sector to public sector, firm to public sector, etc.).

Practical implications and recommendations: The study offers implications for 
entrepreneurs and policymakers. IPC affects the integration and interaction of inter‑
national agents in a country, favors the production of new knowledge, and increases 
positive externalities in the territory. All this facilitates the creation of new compa‑
nies with a high innovative component. Policymakers can establish innovative pro‑
grams to enhance entrepreneurship rates.
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Introduction

Entrepreneurship is essential for generating social, technological, and economic 
growth (Romer 1986; Audretsch and Acs 1994; Ács and Varga 2005; Acs 2006; 
Hafer 2013). Governments and firms today are worried about low levels of entre‑
preneurship and are investing resources to promote it and take up market niches 
(Bishop and Thompson 1992; Eschenbach and Hoekman 2006; Lo 2009). How‑
ever, their resources are scarce so they have to select the most efficient methods 
(North 2005)

Innovation is generally believed to enhance entrepreneurship (Helmers and 
Rogers 2011; Drucker 2014) and is often a crucial ingredient in new venture suc‑
cess (Ireland and Webb 2007; Baron and Tang 2011), but intellectual property 
rights like the ones conferred by patents and trademarks can stifle competition 
(Goel and Saunoris 2017). In this context, international patent collaboration or 
IPC (i.e., agreements among agents in different countries to jointly develop tech‑
nological innovations) has become a common phenomenon, receiving increas‑
ing attention from scholars in a variety of fields (Montobbio and Sterzi 2013; 
Belderbos et al. 2014; Nepelski and De Prato 2015; Giuliani et al. 2016; Alonso-
Martínez 2018). Knowledge spillovers from such collaboration are essential for 
improving creativity, efficiency, and productivity, enhancing a country’s ability 
to develop technological innovations (Mariani 2004; Lee and Bozeman 2005) and 
new firms (Goel et al. 2016).

Intellectual property rights may enhance entrepreneurial actions through 
direct and indirect channels, as illustrated by Goel and Saunoris (2017, p. 701). 
Directly, patents may induce entrepreneurship by creating spin-offs, with the 
actors involved becoming entrepreneurs themselves or choosing to cash in on 
their inventions by licensing production to others (Somaya and Teece 2008; Son 
et  al. 2019). Indirectly, knowledge embedded in patents may spill over to other 
entrepreneurs (Mansfield 1985; Griliches 1992; Goel and Saunoris 2017). Some 
leading worldwide companies have increased cooperation by sharing their intel‑
lectual property assets so that new ventures can be launched. For example, Gal‑
vani Bioelectronics is a new company created in 2016 between GlaxoSmithKline 
PLC, a UK-based pharmaceutical multi-company, and Verily Life Sciences LLC 
(formerly Google Life Sciences), an Alphabet company based in the USA, for the 
development of bioelectronics medicine (a branch of medicine using miniaturized 
implantable devices).

Another key aspect is the gestation period between international patenting 
actions and firm creation. New technology characteristics, industry factors, and 
institutional contexts determine the speed at which IPC can enhance entrepre‑
neurial activity. In some cases, entrepreneurial entry may occur fairly soon after 
patenting but, in others, long production gestation periods, regulatory require‑
ments, or cross-licensing obligations may delay entry for patent holders (Goel 
and Saunoris 2017).

This paper attempts to shed light on the influence of international patent col‑
laboration (IPC) on entrepreneurial activity at country level, taking into account 
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the timing of this relationship. We attempt to contribute to the literature in two 
main aspects. Firstly, patents have already been related with entrepreneurship but, 
as far as we know, there is only one international empirical study on this rela‑
tion (Goel et al. 2016). This previous paper focuses on comparing the effects of 
knowledge flows on the formal and informal sectors and determining multilateral 
spatial spillovers of innovation, but it does not analyze the timing of the relation‑
ship. In another paper, the same authors’ study time lags in the patent-entrepre‑
neurship nexus but their scope is not international. So we aim to fill this gap in 
the literature by focusing on timing and also adopting an international scope.

Moreover, it is particularly relevant to analyze recent trends, so we study this 
relationship using panel data at country level for a period of 12 years. We use the 
two-step difference GMM model drawn up for dynamic panel data models by Arel‑
lano and Bond (1991) as our estimation method. Previous literature suggests there 
may be a reverse causality link in the innovation-entrepreneurship relationship since 
it highlights the role of entrepreneurship in reinforcing innovative activity (Miller 
1983; Lumpkin and Dess 1996; Wong et al. 2005). The use of GMM models allows 
us to control for endogeneity problems caused by this possible bidirectionality.

This paper is structured as follows. First, we review the existing literature on the 
relationship between IPC and entrepreneurship. Based on previous literature, we 
then develop our research hypotheses, describe the research methodology, and pre‑
sent and discuss our findings. Finally, we provide the main conclusions, implica‑
tions, and limitations of this paper and suggest avenues for future work.

Theoretical framework

International technological collaboration and international patent collaboration

Countries today are investing resources in international collaboration in order to 
obtain new knowledge, improve economic and technological growth, increase qual‑
ity of life, and foster entrepreneurship (Hamel 1991; Leiblein and Reuer 2004; Reuer 
2006; Inkpen 2008; Montobbio and Sterzi 2013; Belderbos et al. 2014; Nepelski and 
De Prato 2015; Giuliani et al. 2016). One of the most common types of international 
collaboration is technological collaboration (Belderbos et  al. 2014; Milanov and 
Fernhaber 2014), that is, agreements between agents in different countries to jointly 
develop technological innovation, focusing on R&D investment and patents. It has 
been described as a “key constituent of the globalization of trade and business, with 
potentially major impacts on patterns of economic development and public policies 
worldwide” (Meyer-Krahmer and Reger 1999, p. 752).

The open-innovation paradigm considers innovation as an open system in which 
companies can take advantage of different collaborative activities with external 
knowledge partners (Chesbrough 2003, 2006). Several authors stress the benefits of 
inter-organizational R&D collaboration (i.e., Kleinknecht and Reijnen 1992; Fritsch 
and Lukas 2001; Tether 2002; Laursen and Salter 2006; Cassiman and Veugelers 
2006; Belderbos et al. 2014), which facilitates the synergistic blending of external 
and internal ideas into new products, processes, and systems (Belderbos et al. 2014).
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Specifically, IPC at country level is a type of technological collaboration that 
involves two or more countries and results in a patent (Alonso-Martínez 2018). IPC 
is considered particularly fruitful since it implies that highly qualified personnel and 
significant resources will be involved and that strong relationships among agents in 
partner countries will be developed (Battistoni et al. 2016; Fernández-Esquinas et al. 
2016). Whereas previous works highlight some drawbacks of co-patenting (Hagedoorn 
2003; Belderbos et al. 2010; Bergek and Bruzelius 2010), co-ownership of intellectual 
property remains an empirically relevant strategy for companies developing technology 
jointly (Belderbos et al. 2014).

International patent collaboration and entrepreneurship

Although there is no clear definition of entrepreneurship (Shane 2012), the majority 
of studies treat it as the creation of new enterprises (Low and MacMillan 1988) and 
“the discovery, evaluation, and exploitation of opportunities” (Shane and Venkata‑
raman 2000, p. 218). According to this paradigm and in line with Packard (2017, p. 
537), who states “entrepreneurship can only occur through trade, and thus requires 
the existence of some social ‘reality’,” entrepreneurship can be understood as the 
discovery of new business opportunities. According to Schumpeter (1934), the func‑
tion of the entrepreneur is to innovate, to “carry out new combinations,” but the 
entrepreneur is not the inventor. Rather, the entrepreneur exploits the invention to 
bring innovation to the market (Somaya and Teece 2008).

The benefits for entrepreneurship of all types of innovation are well-known. 
Innovation allows firms to discover technological opportunities that are essential to 
entrepreneurship, but these depend increasingly upon market information and espe‑
cially, in the era of globalization, on interaction among market participants (Kirzner 
1997; Hayek 2005). At country level, investment in innovation amounts to greater 
knowledge and improved conditions in the institutional environment, which improve 
prospects for the development of new business ideas (Cohen 2010; Hall et al. 2014). 
In the context of the patenting-entrepreneurship nexus, at firm level, previous 
research has examined whether patents foster the raising of finance for new ventures 
and affect the overall success of firms (Helmers and Rogers 2011; Audretsch et al. 
2012; Hsu and Ziedonis 2013; Gaulé 2018). Innovations developed by IPC provide 
an optimal instrument for the creation of new businesses. They also provide extra 
value because they facilitate technology transfer and knowledge spillovers (implicit 
and explicit knowledge), allow new knowledge to be obtained, establish long-term 
relationships, and facilitate new agreements in other areas (Acs et al. 2008; Grimaldi 
et al. 2011; Plummer and Acs 2014).

The literature has identified at least two mechanisms through which technological 
alliances may enhance organizational growth in general and entrepreneurship in par‑
ticular. First, IPC enables firms and entrepreneurs to acquire complementary assets 
and local knowledge. For entrepreneurial firms, this means that firms may be able to 
enter into a market before rivalry dissipates rents (Mitchell et al. 1994). Prior studies 
have shown that younger ventures are able to offset their lack of — or limited — 
firm-level experiential learning with learning through either the prior experiences 
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of the top management team or through inter-organizational relationships (Bruneel 
et al. 2010). So, IPC can both exploit firms’ innovativeness and result in improved 
access to financial resources and partners’ complementary resources, allowing exist‑
ing firms to expand or new ones to be created in international markets.

Knowledge acquired during international collaboration helps firms to overcome 
resource constraints (e.g., Contractor and Lorange 1988; Hara and Kanai 1994); to 
acquire country, partner, or task-specific knowledge (e.g., Khanna et  al. 1998); to 
improve their strategic positioning (e.g., Harrigan 1988); and to achieve flexibility 
in uncertain environments (Kogut 1991; Larson 1991). They also obtain new knowl‑
edge, technology, and tools, and their institutional relations are facilitated, among 
other benefits (Knight and Cavusgil 1996). The knowledge obtained from IPC is 
essential for promoting entrepreneurship because it provides the advantages of inno‑
vation output and of collaboration with foreign agents and also generates innova‑
tive environments. The growing number of new firms having an international per‑
spective is positively associated with high innovative skills, including the ability to 
access effective R&D, as well as distribution channels, often in partnerships char‑
acterized by close international collaboration and involving frequent, intense, and 
integrated efforts across nations (Knight and Cavusgil 1996; Madsen and Servais 
1997). Many national and international programs promote IPC and entrepreneurship 
such as Small Business Innovation Research (SBIR), Small Business Technology 
Transfer (STTR), Science Enterprise Challenge, and the “Law on innovation and 
research to promote the creation of innovative technology companies” (Mustar and 
Wright 2010; European Commission 2016).

The second mechanism views alliances as transitional investments in learning that 
open doors for future expansion opportunities (Reuer and Koza 2000). International 
collaboration provides greater value than national or regional collaboration because 
the scope is larger and more agents are connected, which improves a country’s 
capacity for innovation and, therefore, its conditions for entrepreneurship. Previous 
studies on entrepreneurship and technological innovation emphasize that entrepre‑
neurial opportunities are created in the process of technological innovation because 
of the exchange of knowledge between different agents (Roberts 1988; Utterback 
1994). Entrepreneurs have an important role to play in finding information which 
will allow them to “capitalize upon the opportunities because the new combination 
of assets will result in profits” (Soh 2003, p. 730). In addition, there are indications 
that if two or more partners obtain a patent as a result of international collaboration, 
they may continue working together in the future, creating more intensive ties that 
may take the form of new firms.

In addition, new firms often arise as a result of international collaboration which 
allows for the creation of hybrid structures such as network partners and joint ven‑
tures (Madsen and Servais 1997; Crick and Jones 2000). New firms often rely on 
supplementary competencies, which are sourced from other firms and expand their 
distribution channels. Many new ventures have been observed to internationalize as 
part of a network (Coviello and Munro 1997; Coviello 2006) in which strategic alli‑
ances play a prominent role.

Therefore, IPC creates direct ties that contribute significantly to the exchange of 
resources and information between partnering agents (Arora and Gambardella 1990; 
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Shan 1990; Larson 1991; Hamel 1991; Barley et al. 1992; Eisenhardt and Schoonhoven  
1996; Guan and Liu 2016). Moreover, according to Soh (2003), an individual 
may learn and discover opportunities from innovations developed by international  
collaboration and go on to create a firm. However, the benefits of IPC in a focal 
country in terms of entrepreneurship can be expected to vary depending on whether 
entrepreneurial activities derived from patent collaboration are fostered in the home 
or host country. Owing to the characteristics of our sample, we focus on the benefits 
in the home country. On the basis of the above arguments, we formulate the following  
hypothesis:

H1. At country level, IPC in year t is positively related to entrepreneurship in the 
same year

While delays between R&D and patenting have been extensively examined in 
the literature (for example, Hall et al. 1986; Czarnitzki et al. 2009; Parra 2019), we 
find only one paper that considers the lag structure of patents with regard to entre‑
preneurship (Goel and Saunoris 2017). However, it does not adopt an international 
perspective. Entrepreneurs require time to exploit patents due to their complex‑
ity and novelty, and the effects of IPC are not immediate and might involve a time 
lag. In some cases, “new business entry might occur rather quickly after patenting, 
whether due to the nature of the product/service or if the patent holder starts doing 
the ground work for market entry before the patent is granted (as many pharma‑
ceutical firms introduce new drugs even before the patent is granted). On the other 
hand, long production gestation periods, regulatory requirements, or cross-licensing 
compulsions might delay actual market entry for patent holders” (Goel and Saunoris 
2017, p.702). Based on these arguments, our next hypothesis is:

H2. At country level, IPC in year t is positively related to entrepreneurship in 
yeart+1.

Research design

Sample

We analyzed data from four databases: (1) “EPO’s Worldwide Statistical Patent 
Database,” which is especially appropriate for this analysis because indicators based 
on patent families improve international comparability and the quality of patent indi‑
cators (overcoming the drawbacks of traditional patent-based indicators (European 
Patent Office 2020)); (2) Global Entrepreneurship Monitor Database (http://​www.​
gemco​nsort​ium.​org/), one of the most relevant worldwide databases in the field of 
entrepreneurship (Global Entrepreneurship Monitor 2020) as evidenced by previous 
studies (Kwon and Arenius 2010; Estrin et al. 2013b; Davidsson 2015); (3) “Global 
Competitiveness Report,” drawn up by the World Economic Forum, which col‑
lected information on public–private international cooperation by countries (World 
Economic Forum 2020) and is one of the most relevant databases in this area as 
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many previous studies show (Estrin et al. 2013a; Walter and Block 2016); and (4)  
Corruption Perceptions Index Database drawn up by International Transparency in line 
with previous studies (Aidis et al. 2008; Ács et al. 2014; International Transparency  
2020).

Our data panel contains information on 30 countries (Table  1) — Australia, 
Belgium, Brazil, Canada, China, Denmark, Finland, France, Germany, Greece,  
Hungary, Iceland, India, Ireland, Israel, Italy, Japan, Norway, Portugal, Russia,  
Singapore, South Africa, South Korea, Spain, Sweden, Switzerland, the Nether‑
lands, Turkey, the UK, and the USA — and covers the period from 2005 to 2017. 
We restricted our sample to countries with information for four consecutive years. 
The initial data panel contained 269 country-year observations. After lagging 
all independent and control variables, the final panel comprised 239 country-year 
observations.

Measurement of variables

Dependent variable (TEA)

Total Entrepreneurial Activity (TEA) as constructed by the GEM Project is the 
dependent variable used in this study (Global Entrepreneurship Monitor 2020). This 
indicator includes individuals in the process of starting a venture and those running 
a new business less than 3½ years old (expressed as a percentage of the adult popu‑
lation aged 18 to 64). It covers all entrepreneurial activities (social and commercial 
activities), including self-employment if the entrepreneur has some of the capital. 
In addition to this variable, we also consider the annual variation in TEA between t 
and t + 1, and variable TEA in period t + 1. In this study, we use TEA for the period 

Table 1   Countries included European countries Non-European countries

Belgium
Denmark
Finland
France
Germany
Greece
Hungary
Iceland
Ireland
Italy
Norway
Portugal
Russia
Spain
Sweden
Switzerland
The Netherlands
Turkey
UK

Australia
Brazil
Canada
China
India
Israel
Japan
Singapore
South Africa
South Korea
USA
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2005–2017. It is a consistent measure with the pattern of intentions to start a venture 
and is widely accepted in the literature (Urbano and Alvarez 2014; Aparicio et al. 
2016).

Independent variable (international patent collaboration)

International patent collaboration involves several agents from different countries. 
Ownership of such patents may be shared among all these agents. We measure IPC 
as the proportion of a country’s patents that are developed in collaboration with one 
or more other countries from the start of the inventive process. This type of interna‑
tional collaboration is characterized by the fact that it does not always imply mobil‑
ity, and ownership is always shared. For the analysis, we consider the difference 
(increase or decrease) between period t + 1 and t. We obtained the data on these pat‑
ents covered by the Patent Co-operation Treaty (PCT) from the EPO’s Worldwide 
Statistical Patent Database (PATSTAT 2020). We consider the period between 2005 
and 2017. Previous literature shows the relevance of this measure for capturing IPC 
(Montobbio and Sterzi 2013; Belderbos et  al. 2014; Nepelski and De Prato 2015; 
Giuliani et al. 2016; Ervits and Zmuda 2018; Montobbio and Sterzi 2013).

Control variables

We consider five control variables based on previous literature on entrepreneur‑
ship. Firstly, we consider other types of IPC that involve fewer agents than pure co-
patents. Secondly, we control for the level of corruption. There are many studies 
indicating a positive influence (the effect of greasing the wheels), while most of the 
literature argues that corruption is harmful. Thirdly, social capital amounts to an 
important informal source of knowledge that promotes the creation of new firms. 
Finally, we also analyze the influence of GDP. Traditionally, entrepreneurship rates 
are associated with a greater economic outcome. For the analysis, we consider the 
difference (increase or decrease) between period t + 1 and t. The details of the vari‑
ables are shown below:

•	 Patents invented abroad (PIA): This type of patent reflects international flows 
of knowledge from the inventor country to the applicant countries and interna‑
tional flows of funds for research. We use the variable “Domestic ownership of 
inventions made abroad” defined as the “number of patents owned by resident(s) 
of country x (applicant) that have been invented by at least one foreign resident 
(inventor)” (OECD 2015). This measure collects patents invented by national 
researchers in foreign countries. Specifically, we include the percentage of pat‑
ents invented abroad: the share of the above indicator in total patents owned by 
resident(s) of country x (applicant). For the analysis, we consider the difference 
(increase or decrease) between period t + 1 and t. We obtained the data of these 
patents covered by the PCT from the EPO’s Worldwide Statistical Patent Data‑
base (PATSTAT 2020). We consider the period between 2005 and 2017. Previ‑
ous literature shows the relevance of this measure for capturing IPC (Nepelski 
and De Prato 2015;Guellec and van Pottelsberghe de la Potterie 2001).
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•	 Patents invented by foreign researchers (PIF): This variable is defined as “For‑
eign ownership of domestic inventions: number of patents invented by resident(s) 
of country x (inventor) that are owned by at least one foreign resident (appli‑
cant)” (OECD 2015). Specifically, we include the percentage of patents owned 
by foreign residents: share of above indicator in total patents filed by resident(s) 
of country x (inventor). For the analysis, we consider the difference (increase or 
decrease) between period t + 1 and t. We obtained the data of these patents cov‑
ered by the PCT from the EPO’s Worldwide Statistical Patent Database (PAT‑
STAT 2020). We consider the period between 2005 and 2017. Previous literature 
shows the relevance of this measure for capturing IPC (Nepelski and De Prato 
2015;Guellec and van Pottelsberghe de la Potterie 2001).

•	 Corruption: Previous literature shows the need for control of the level of corrup‑
tion by country (Anokhin and Schulze 2009; Wiseman 2015). Sometimes, cor‑
ruption facilitates entrepreneurship but, more usually, it complicates the creation 
of new firms (de Vaal and Ebben 2011). The literature covers three indicators of 
corruption: the Corruption Perception Index drawn up by International Trans‑
parency, the World Bank indicator, and the World Economic Forum indicator 
(Judge et al. 2011). We decided to use the first, which is the most widely used of 
these three. The Corruption Perception Index measures the control of corruption 
by country (on a scale from 0 to 100). It was constructed from other variables 
and indicators and is based on interviews with experts and firms (International 
Transparency 2020). Specifically, we collected data for the period between 2005 
and 2017 by country and year.

•	 Social capital: Previous literature shows that social capital influences entrepre‑
neurship rates (Dodd and Patra 2002; Kwon and Arenius 2010). We use the same 
indicator as these papers, namely, the measure of “Trustworthiness and confi‑
dence” reported in the “Global Competitiveness Report” drawn up by the World 
Economic Forum for the period between 2005 and 2017 (World Economic 
Forum 2020).

•	 Gross domestic product (GDP): This is especially important for entrepreneur‑
ship; the economic growth of countries is one of the main drivers of entrepre‑
neurship. Specifically, GDP is the standard measure of the value added that is 
created through the production of goods and services in a country during a cer‑
tain period. It also measures the income earned from that production, or the total 
amount spent on final goods and services (minus imports). We collected data 
from the “Global Competitiveness Report,” drawn up by the World Economic 
Forum for the period between 2005 and 2017 by country and year (World Eco‑
nomic Forum 2020).

Estimation method

Panel data estimations seem to be the most suitable method of capturing variations 
over time in the entrepreneurship rate, since they allow us to control for country-
specific heterogeneity as well as changes over time in countries’ operating environ‑
ments (Montobbio and Sterzi 2013; Giuliani et  al. 2016). To test the hypotheses 
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proposed in the theoretical background section, we used the STATA15 program. 
Additionally, due to concerns regarding endogeneity between the dependent vari‑
able (TEA) and the independent variable (IPC) and taking into account the panel 
structure of the data, we use GMM and instrumental variables. These are the most 
frequently considered approaches to solve this problem when the dependent variable 
is continuous due to the characteristics of the estimators (Arellano and Bond 1991;  
Blundell and Bond 1998). This methodology allows us to avoid potential problems 
caused by a possible correlation between non-observable country characteristics and 
individual variables, as it mitigates any unobservable country heterogeneity (Hausman  
and Taylor 1981). Unobservable heterogeneity might result in spurious correlations 
with the dependent variable, which would bias the coefficients obtained.

In particular, the GMM estimator uses internal instruments, specifically, instru‑
ments that are based on lagged values of the right-hand-side explanatory variables 
that may present problems of endogeneity (in this study, we instrument all independ‑
ent and control variables). To check the validity of the model specification when 
using GMM, the Hansen statistic of over-identifying restrictions is used to test for 
the absence of correlations between the instruments and the error term; M2 statistics 
are used to verify the lack of second-order serial correlation in the first-difference 
residuals; and Wald tests analyze the joint significance of the reported coefficients. 
In contrast, the traditional estimator of instrumental variables (although consistent) 
is inefficient in the presence of heteroscedasticity (Baum et al. 2003). Furthermore, 
there is the problem of identifying the appropriate instruments. Thus, the principal 
limitation of the instrumental variables approach is the choice of external instru‑
ments that are not correlated with the error term and that contain sufficient infor‑
mation about the explanatory variables in the model that are not strictly exogenous 
(Pindado and Requejo 2015). For this reason, this study uses the GMM approach. 
Table 2 provides descriptive statistics for all the variables included in our study.

Results

Table 3 shows the results of the GMM analysis. Before estimating the model pro‑
posed and in order to detect any problems of multicollinearity, a variance inflation 
factor (VIF) analysis was performed (Table 4). According to the empirical rule of 

Table 2   Descriptive statistics Variable Mean Std. Dev Min Max

TEA 7.10 3.36 1.5 24.01
IPC 21.89 10.53 1.91 54.76
PIA 26.70 12.37 2.52 60.33
PIF 21.01 16.34 1.35 67.19
CORRUPTION 0.37 0.48 0 1
CSOCIAL 5.21 0.82 3.02 6.92
GDP 38,419.59 16,240.51 3167.8 96,552
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Kleinbaum et al. (2013), there were apparently no such problems because in no case 
was the VIF greater than 10.

The three GMM models obtained cover the influence exerted by IPC, control var‑
iables and annual cycle variables on three different dependent variables related with 
entrepreneurship rates in different periods. Firstly, we consider entrepreneurship 
(TEA) in period t. The specification tests (joint and individual) confirm the valid‑
ity of the model proposed. On the one hand, we confirm the positive and significant 
influence of our independent variable IPC (β = 0.001, p < 0.1). This result allows us 
to confirm Hypothesis 1 regarding the positive relationship of a 1-year increment in 

Table 3   Main results

* p < 0.10; **p < 0.05; ***p < 0.01. β Coefficients and (standard 
errors) are reported

Variables GMM1

TEAt TEA
(Incre/decre)

TEAt+1

IPC 0.001*
(0.001)

0.004**
(0.002)

0.021**
(0.010)

PIA 0.061
(0.071)

 − 0.010
(0.038)

 − 0.064***
(0.018)

PIF  − 0.023
(0.027)

 − 0.006
(0.040)

0.023**
(0.012)

SCAPITAL  − 0.823
(1.150)

 − 3.060
(3.919)

0.084
(0.278)

CORRUPTION  − 0.314
(1.476)

 − 4.015
(3.825)

0.749***
(0.173)

GDP 0.000
(0.000)

 − 0.000
(0.000)

0.001**
(0.000)

Year variables Yes Yes Yes
Wald Test 101.29*** 63.12*** 217.60***
AR2 0.62 0.21 0.29
Hansen 9.52 10.81 14.87
Z1 12.10* 10.53* 53.99***
N 30 30 30
Observations 239 217 217

Table 4   VIF results Variable VIF

IPC 1.06
PIA 1.09
PIF 1.12
Csocial 1.21
Corruption 1.09
GDP 1.04
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international patent collaboration on entrepreneurship in the same period of analy‑
sis. This influence is higher when we consider a 1-year increment in the dependent 
variable TEA (β = 0.004, p < 0.05) and greater when we analyze the impact of IPC 
on the entrepreneurship rates of period t + 1 (β = 0.021, p < 0.05) according to our 
Hypothesis 2.

Moreover, our results also confirm the significant influence of four of the con‑
trol variables proposed (PIA, PIF, Corruption, and GDP). Also, both unidirectional 
IPC variables seem to exert an effect on entrepreneurship. However, although we 
find some similarities, we observe that they behave differently. The main similar‑
ity is that they only exert a significant influence on entrepreneurship when a lag is 
considered. This could be explained because such collaboration requires more time 
to materialize. Specifically, while PIA exert a negative and significant influence 
(β =  − 0.064, p < 0.01) on TEAt+1, and PIF have a positive and significant influence 
(β = 0.023, p < 0.05) on TEAt+1. According to these results, we can confirm that 
patents developed in a country, in collaboration with other countries or developed 
by foreign researchers, contribute to increased entrepreneurship rates in that coun‑
try in the same year but achieve a particular advantage 1 year later. Conversely, the 
fact that national researchers develop patents in other countries may contribute to 
reduced entrepreneurship rates in their home country in subsequent years.

In addition, we can also confirm the positive and significant relationship between 
corruption (level or absence of corruption in a country) and entrepreneurship. 
Like the independent variable, greater control of corruption levels contributes to 
increased entrepreneurship rates 1 year later. Similarly, GDP also seems to exert a 
positive and significant influence on entrepreneurship rates 1 year later. However, 
using GMM1, we did not find the positive and significant influence of GDP on 
entrepreneurship in the same year that we had expected.

Conclusions

Our results seem to indicate that IPC helps detect new business opportunities, 
increases acquisition of precise knowledge, and creates stronger networks that favor 
the appearance of new ventures with a global strategy. Entrepreneurship is essen‑
tial for country development (Acs 2006; Hafer 2013). The literature has analyzed 
it from different perspectives such as environmental and individual conditions, the 
process and procedures required to create a firm, and its impact on society. Most 
authors agree that the concepts of “entrepreneurship” and “innovation” are strongly 
related and cannot be considered separately (Wong et  al. 2005; Ireland and Webb 
2007; Baron and Tang 2011; Helmers and Rogers 2011; Drucker 2014). Moreo‑
ver, the recent growth in IPC due to globalization and its effects have attracted the 
attention of many scholars (Fu et  al. 2011; Guan and Chen 2012; Montobbio and 
Sterzi 2013; Giuliani et  al. 2016). As we showed in the theoretical part and have 
confirmed empirically, there is a positive relationship between technological innova‑
tion endeavors such as IPC and entrepreneurship.

In particular, our findings point out the capacity of countries (our sample 
includes both developing and developed countries) to benefit from international 
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collaboration. As Giuliani et al. (2016) argue, “countries show outstanding capac-
ity to internationalize production activities, and to invest abroad to acquire knowl-
edge and other strategic assets not available in their home countries” (Giuliani et al. 
2016, p. 200). Moreover, the structural variables of countries favor integration and 
interaction with foreign agents in the focal country (or national agents in foreign 
countries) and therefore improve entrepreneurship based on this type of IPC. Intense 
collaboration relationships between countries are relevant because they may result in 
patents, may lead to more relationships in the future, and may therefore increase the 
level of social capital of the countries involved (Alonso-Martínez 2018). Also, IPC 
may lead to the creation of new firms based on a previous successful relationship 
that provides the initial framework (Somaya and Teece 2008; Goel and Saunoris 
2017; Son et al. 2019). In addition, as a consequence of the patents generated, some‑
times, the new ventures focus on high-technology industries (Helmers and Rogers 
2011), which are particularly relevant for countries’ wealth and for improving their 
environmental conditions.

Our research contributes to the policy debate about the effects of IPC on entre‑
preneurship. We have shown how new mechanisms can enhance entrepreneurship 
and strengthen international relationships, which may be of use for policy-makers. 
In addition, our results have several implications for managers. Co-patents offer 
new direct and useful knowledge that they can incorporate into their organizations, 
and the spillovers it generates may favor the appearance of new entrepreneurs. Such 
knowledge is especially relevant because of the patents’ value and because they 
involve at least two countries. International production provides relevant and useful 
knowledge from all the countries involved which might be impossible to obtain in 
isolation. The major presence of this type of patents and the economic difficulties 
faced by all countries require investments to be efficient at generating entrepreneur‑
ship. In addition, governments and policy-makers should promote IPC because it 
helps improve a country’s technological and social conditions. Moreover, IPC deter‑
mines the knowledge obtained, the networks established, and, in the end, the type 
of entrepreneurship generated (Etemad and Lee 2003; Dickson et al. 2006). Some‑
times, the type of patents obtained and the partners involved create a special, strong 
link that enhances environmental conditions in their countries, and such close rela‑
tionships may also generate spillovers that favor entrepreneurship.

Another important conclusion of this research is that unidirectional IPC may exert 
both a positive and a negative influence on entrepreneurship. These results provide 
important implications for managers and policy-makers. Researchers that obtain a 
patent in a foreign country may be motivated to continue working abroad, leading 
entrepreneurship rates in their home countries to decrease. Conversely, if foreign 
researchers are motivated to patent in a host country, this may increase its level of 
entrepreneurship as they may continue working there, providing more knowledge 
and spillovers, or they may find an opportunity to start a new business.

We also recommend that policy-makers should work to create environments with 
low levels of corruption. Although some researchers support the theory of “greasing 
wheels” whereby corruption facilitates the creation of new firms, our results show 
the opposite effect, namely, that better-established, non-corrupt countries favor the 
creation of new firms.
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This research has some limitations, the main one being that it does not include 
less developed countries. IPC differs between developed and developing countries, 
so we cannot extrapolate our findings to all countries. Moreover, this type of col‑
laboration may imply mobility, but we do not know if the mobility is between devel‑
oped and developed, developed and developing, or developing and developing coun‑
tries. Future lines of research might cover IPC in less developed countries since the 
level of development explains why the level of entrepreneurial activity is different 
among countries (Abdesselam et al. 2018). It would also be of interest to analyze 
the type of collaboration and the type of industry and industrial agents involved in 
collaboration (firm to firm, public sector to public sector, firm to public sector, etc.), 
taking into account also that IPC can favor entrepreneurship in either the host and 
or the home country. Such analyses might provide more specific information about 
which public policies in terms of IPC would be most effective for promoting entre‑
preneurship. We consider that a useful line of future research would therefore be 
to explore IPC mechanisms such as the new knowledge generated, spillovers and 
impact on entrepreneurship in both home and host countries.
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