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Absorptive capacities and external
openness in underdeveloped innovation
systems: a patent network analysis for
Latin American countries 1970-2017

Carlos Bianchi®, Pablo Galaso® and Sergio Palomeque™

This paper contributes to the literature on innovation and development by ana-
lysing the absorptive and connectivity capacities of Latin American innovation
systems between 1970 and 2017. Applying network analysis to a USPTO data-
base containing Latin American inventors, we build and analyse collaboration
networks in the process of invention and knowledge appropriation. The structural
properties and the evolution of such networks allow us to measure critical attri-
butes of the Latin American innovation systems. Specifically, the networks exhibit
low absorptive capacity and high external openness, which are critical linkages
with external nodes in the network growth process. We identify different trajec-
tories of innovation systems within the region, analysing specific paths of cap-
ability (de)accumulation and network maturity against the backdrop of national
development trajectories.
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1. Introduction

Development studies from Latin America have widely discussed the relevance of the
national capabilities to produce and exchange knowledge to achieve productive and
social developmental goals (e.g. Sagasti, 2005; Sabato and Botana, 2021). Relatedly,
since the last decades of the twentieth century, the concept of innovation system (IS)
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and, in particular, the national IS approach have been integrated, with criticism, in
the developmental studies in Latin America (Chudnovsky, 1999; Arocena and Sutz,
2000A; Chaves er al., 2020).

Studies from Latin America have characterised Latin American ISs as incomplete
or immature (Arocena and Sutz, 2000A; Rapini ez al., 2009) and stressed the weak-
ness of external connectivity and absorptive capacities in the region (Arocena and
Sutz, 2000A; Erbes et al., 2010;Yoguel and Robert, 2010; Dutrénit and Puchet, 2011).
Moreover, other works have emphasised that the peripheral position of Latin American
ISs shapes both their participation in the global IS and the local dynamic of knowledge
production and appropriation (Albuquerque, 2007; Chavez et al., 2020; Bianchi ez al.,
2021).

Previous research has advanced understanding of the evolution of the Latin American
ISs at the level of individual countries or groups of countries, mostly based on in-depth
national case studies (e.g. Cassiolato ez al., 2003; Dutrénit ez al., 2010). However, com-
prehensive longitudinal studies based on standardised data for the entire region are
scarce (Castellacci and Natera, 2016; Confraria and Vargas, 2019). In addition, prior
works have claimed that, to advance understanding of underdevelopment beyond the
study of catching-up processes, the IS approach requires a theoretical basis to analyse
the emergent properties which arise from the systemic interactions rather than simply
identify the institutional setting or the evolution of innovation investment (Arocena
and Sutz, 2000A;Yoguel and Robert, 2010).

Following the complex systems approach (Yoguel and Robert, 2010; Antonelli,
2017), in this paper, we contribute to the understanding of the evolutionary paths of
Latin American ISs by defining and measuring their absorptive and connectivity cap-
acities. The concept of absorptive capacities was first coined in management studies
(Cohen and Levinthal, 1989, 1990) and subsequently applied in studies of innovation
and development at the national level (Castellacci and Natera, 2016; Filippetti ez al.,
2017). Both, at the firm level and at the national level, refers to the collective ability
to recognise, understand and integrate new knowledge into problem-solving activities.
This ability refers to a sort of cumulative repository of capabilities (Fagerberg and
Srholec, 2017), a systemic attribute that is greater than and different from the mere
sum of the system’s components. External connectivity capacities, meanwhile, are a
systemic attribute associated with one of the central challenges identified by devel-
opment studies: the ability to access and participate in varied knowledge flows. These
IS attributes are intrinsically intertwined because positive feedback between them is a
necessary condition for the evolution of an IS (Erbes ez al., 2010; Yoguel and Robert,
2010; Chaves er al., 2020).

Since these system attributes are non-directly observable phenomena, to address
them it is necessary to build systemic measures based on the interactions between
the systems’ components (Britto ez al., 2021; Balland ez al., 2022). We observe these
interactions by using data from the US Patent & Trademark Office (USPTO) in
order to build and analyse collaboration networks connecting inventors and patent
owners in all Latin American countries during a 48-year period, from 1970 to 2017.
Applying social network analysis techniques, we study, on the one hand, national
networks’ internal cohesion as an indicator of the absorptive capacities in a given
IS. On the other hand, we analyse external connectivity capacities in terms of the
degree of openness maintained by the national network through connections with
other countries.
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By studying these two IS properties, this paper provides a novel comparative ana-
lysis of national capacity accumulation and offers empirically grounded explanations
that complement and enrich extant knowledge concerning Latin American ISs. Our
findings illustrate that both absorptive and connectivity capacities in Latin American
ISs have increased, exhibiting, in most cases, a positive relationship between the two
capacities. We identify different trajectories among Latin American ISs according to
the coevolution of these systemic attributes and according to structural features of the
national ISs. However, as a general pattern, we observe that collaboration networks are
mostly fragmented and outward oriented.

2. Systemic disconnections in Latin American ISs

Innovation has been defined as an uncertain and cumulative problem-solving process
that is interactive in nature. According to this view, solving complex problems requires
a wide variety of knowledge distributed among a broad set of actors, and innovative
solutions emerge from the interactions of different agents acting under uncertainty due
to incomplete information and partial understanding of the environment (Dosi, 1988;
Lundvall, 1988). The complexity approach similarly defines innovation as an emer-
gent property of the ISs, which results from micro-level interactions among agents in
the IS (Antonelli, 2017; Balland ez al., 2022). This creates feedback loops between the
system’s building blocks, which determine how the IS evolves.

The (under)development path of Latin America has been associated to the inability
to overcome structural disconnections within the national ISs that operate between
different subsystems, hindering learning processes. Building on the pioneering ideas
of Furtado (1964), authors in this line of inquiry have proposed theoretical interpret-
ations of underdevelopment, a situation they view as qualitatively different from devel-
opment and associated to a differentiated systemic evolution compared to developed
countries (Arocena and Sutz, 2000A; Cimoli and Porcile, 2009; Yoguel and Robert,
2010).

Trajectories of underdevelopment have been associated to uneven paths, signed by
the inability to overcome structural restrictions to development, including the produc-
tion and use of knowledge. Considering the typical indicators of ISs at national level,
we may observe that, in line with global trends (WIPO, 2018), the number of patents
obtained by Latin American actors grew during the period under study. However,
the region still lags far behind North America, Europe and Asia (WIPO, 2018). In
the same vein, since the end of the twentieth century, scientific production of Latin
American countries has increased, achieving just over 5% of worldwide scientific pub-
lications (Confraria and Vargas, 2019). However, the region continues playing a per-
ipheral role in the global research system (Bianchi er al., 2021), registering structural
delays with respect to more developed regions (Crespi and Dutrenit, 2014).

These outcome indicators are clearly associated to resources devoted to innov-
ation in Latin America. Average national expenditure in R&D is well below that
of most dynamic regions, remaining in most Latin American countries below 1%
of GDP (UNESCO, 2015; OECD, 2020). Moreover, in Latin America, the public
sector leads with around 60% of the investment in R&D activities. Meanwhile,
in developed countries, most of these investments come from business organisa-
tions (OECD, 2020). Similarly, the number of researchers in the economically ac-
tive population is five times less in Latin American countries than in small OECD’
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countries (UNESCO, 2015). In addition, most researchers and PhD degree holders
work in academia while very few work in the private sector. This aspect, together
with the structure of R&D expenditure, has been considered a major developmental
constraint in the region. These constraints hinder the evolution of interactive feed-
backs of creation, exchange and use of knowledge, reproducing disarticulated sub-
systems (Yoguel and Robert, 2010; Teixeira ez al., 2020; Sabato and Botana, 2021)
and hindering the formation of absorptive capacities in the region (Castellacci and
Natera, 2016).

The original concept of absorptive capacities highlights the ‘two faces’ of knowledge-
creation processes inside firms. Knowledge-creation activities create technical solu-
tions but, also, allow exchanging and absorbing knowledge (Cohen and Levinthal,
1989, 1990). This means that in order to learn interactively, the firm must know about
the characteristics and potential uses of the knowledge exchanged, and, in turn, to
know;, it is necessary for the firm to engage in knowledge-creation activities. Hence, the
firm’s capacities are built in an interactive and cumulative trajectory according to their
previous knowledge base (Teixeira ez al., 2020).

Following these theoretical premises, the concept of absorptive capacities was
adapted in empirical studies at the national systems level (Filipetti ez al., 2017).
According to this literature, not only firms but also countries could have the cap-
acity to recognise, assimilate and apply valuable knowledge. However, it is not
easy to translate these complex concepts to indicators that fully capture their main
attributes.

Previous studies used input and output indicators of science, technology and innov-
ation to approximate the concept of absorptive capacities at national level, stressing
the importance of national absorptive capacities to access external knowledge fluxes
(Criscuolo and Narula, 2008; Castellacci and Natera, 2016; Filipetti ez al., 2017). In
the same vein, empirical evidence has recently shown that adequate absorptive cap-
acity is a necessary condition for open ISs to achieve positive knowledge spillovers
from trade and investment flows (Alvarez ez al., 2019).

These empirical studies, which have focussed on measuring innovation activities or
outcomes using different econometric techniques, have advanced our understanding
of the role absorptive and connectivity capacities play in the performance of Latin
American ISs. However, these measures cannot capture the interactive nature of sys-
temic innovation. Therefore, we propose a different analytical approach aimed at re-
flecting interactions among actors involved in innovation processes and, particularly,
at analysing the systemic disconnections widely observed in the (under)development
path of Latin American countries.

3. Absorptive and connectivity capacities in ISs

External connectivity to access knowledge flows and local absorptive capacity are two
critical building blocks in the functioning of ISs. The interaction between these system
components in developing countries may be associated to the peripheral conditions of
their ISs, which affect their access to frontier knowledge. In addition, in Latin America,
these two capacities are constrained by the structural heterogeneities (i.e. systemic dis-
connections) that hinder virtuous learning cycles between knowledge production and
the productive infrastructure (Cimoli and Porcile, 2009; Srinivas 2018; Chaves ez al.,
2020).

€202 Joquieidag 61 U0 1sanB A 61£9/2./7£0PESG/I/E601 "0 1/10p/2[0IHE-80UBADE/B[0/WO0"dNO"DILSPEDE//:SARY WOl PAPEOIUMOC



Absorptive capacities and external openness Page 5 of 31

We understand that the development of the absorptive capacities of an IS is deter-
mined by the cohesion of internal systemic linkages, as counterpart of the structural
disconnections affecting learning processes in developing countries. The internal co-
hesion of linkages reflects the critical mass of the system, which supports the exchange
and use of knowledge within the IS. Conversely, when an IS lacks a critical mass of
interactions, the degree of cohesion reveals systemic disconnections and the extent to
which an IS depends on one or some system components (Erbes ez al., 2010; Dutrénit
and Puchet, 2011; Srinivas, 2018).

According to this view, the uneven evolution of ISs in developed and underdevel-
oped countries may be observed from the interaction between a system’s absorptive
and connectivity capacities, which determine systemic outcomes that are not directly
attributable either to a unique system component or to the sum of their isolated effects.
A cohesive and externally connected IS will develop a critical mass of interactions
that, through a process of creative destruction, changes the structure of the system in
a virtuous circle that connects formerly separated subsystems. On the contrary, under-
developed ISs are characterised by weak interactions, whose cumulative effects hinder
the formation of a critical mass, both in volume and diversity. These feedback pro-
cesses, in turn, limit the development of absorptive and connectivity capacities, so the
systems of production and exchange of knowledge remain locked in, usually around
relatively less complex problems, in disconnected subsystems (Cimoli and Porcile,
2009; Yoguel and Robert, 2010; Srinivas, 2018; Hartmann ez al., 2021).

3.1 A social network approach to IS capacities

The ISs and social network analysis approaches are strongly intertwined and have
been mutually influenced (Dolfsma and Leydesdorff, 2011), in particular regarding
the study of systemic and networks properties which emerge from interactions.

The IS approach, beyond its strengths, presents some limitations to empirically
identify and measure interactive effects, mainly in underdeveloped context, where
ISs usually lack interactive dynamics (Chudnovsky, 1999; Arocena and Sutz, 2000A).
Conversely, the social network analysis approach is particularly suitable to capture
the effects of interactive behaviour, considering the interactions in the whole system
as a unit of analysis. Previous studies have found evidence that certain network struc-
tural properties facilitate innovation processes by improving cooperation mechanisms
and information diffusion. In line with previous definitions based on the IS approach
(Fagerberg and Srholec, 2017), such network structures comprise interactions and
represent some sorts of collective capacities that belong to (and depend on) the inter-
action between agents who are simultaneously embedded in a certain network (Galaso,
2018).

Following this stream of research, we conceive that absorptive capacity emerges
from recurrent interactions between the IS’s agents (Figure 1). Hence, from a net-
work approach, the absorptive capacity can be approximated by considering nerwork
cohesion. The degree of cohesion denotes the extent to which nodes in the system are
connected to each other, forming cohesive groups as opposed to being separate com-
ponents isolated from each other. In other words, a cohesive network is one in which its
nodes maintain many links with each other so that different connections can be estab-
lished and knowledge can flow easily from one to another. Preceding literature shows
that cohesive networks facilitate information access, making information more reliable
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Building blocks of an IS
(Erbes ez al. 2010; Yoguel and Robert
2010)

Absorptive capacity: ability
to recognize the value of new
knowledge, assimilate it, and
apply it.

Interactive critical mass

l

Feedback loops
—_—

Connectivity capacity: capacity
to access and participate in
varied knowledge flows.

Underlying Mechanisms

Recurrent interactions :
mechanism to contrast ideas

System openness: knowledge
exchange with external nodes
to avoid lock-in processes.

Network structures
(indicators)

Cohesion: the extent to
which nodes in national
networks are connected to
each other.

(Average degree;

Openness: the extent to which
local nodes are connected to
external actors.

(Share of external nodes that
are part of the national
networks and average of

connections of local nodes with
foreign nodes)

Source: Authors

Largest component)

Fig. 1. From theoretical definition to measurable network properties.

and facilitating knowledge spillovers (Fritsch and Kauffeld-Monz, 2010), while frag-
mented networks restrict the flow of ideas, which can hamper innovation (Fleming ez
al., 2007).

External connectivity capacity can be assessed by analysing the nerwork openness,
which denotes the extent to which local nodes are connected to actors located in other
territories. In national collaboration networks, system openness indicates the degree
to which a country is connected with foreign inventors or owners (Andersson et al.,
2019). Studies within the social network analysis literature have also found evidence
that connections with external nodes can infuse new ideas into the local community,
serving as non-redundant information channels (Lobo and Strumsky, 2008) and pro-
viding access to novel information that, otherwise, would not be available to local
actors (Breschi and Lenzi, 2016; Crespo et al., 2016).

In peripheral regions, openness is essential for IS to access and absorb new know-
ledge. However, studies at both country and firm level (Marin and Bell, 2006; Filipetti
et al., 2017) have found heterogeneous effects of openness strategies, showing that the
positive effects of external openness to knowledge flows are only achieved by agents
that absorb inbound knowledge while generating local knowledge flows. In contrast, if
the fluxes are only inbound, the openness process can derivate in knowledge depend-
ence on external agents.

Figure 1 summarises our analytical framework, showing how we translate the the-
oretical definitions of the two building blocks of the IS approach (absorptive capacity
and connectivity capacity) into indicators for analysing the structural properties of the
networks.

4. Data and methods

We use US patent records retrieved from the PatentsView platform (https://www.
patentsview.org) which collects and organises data from the USPTO. We select a data-
base that includes 17,942 Latin American patents registered between 1970 and 2017,
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considering the application date to define the period under analysis. We study patents
with at least one inventor, individuals who claim to have invented the patented tech-
nology, residing in a Latin American country (see Supplementary Appendix, Table
Al). In addition, we consider the owners of the patents (assignees), who can be organ-
isations (i.e. firms, universities or research centres) or individuals.!

We elaborate both networks of inventors and networks of patent owners. A link
connecting two inventors is traced when they are registered in the same patent. Thus,
co-invention links represent collaboration between at least two inventors who have pa-
tented the same product or process. In co-owner networks, the nodes are the patent
assignees, and two or more owners are connected if they have worked with the same
inventor. Thus, inventors are used as links connecting owners in this type of network
(Graf and Henning, 2010). We also include in the national networks those foreign
actors who collaborate directly with local inventors or owners.

Regarding the temporal evolution of the networks, we consider eight-year windows.
For each temporal window, we trace the type of networks described above, considering
only nodes and links that occur within that time period.

To capture the absorptive capacity of IS, we calculate two indicators (Table 1). First,
the average degree, which measures in a simple and clear way the average level of inter-
action between network actors. This indicator is particularly suitable for comparing
cohesion in networks of different sizes (unlike others also used in the literature which
are very sensitive to network size, such as the density index). Our second indicator of
cohesion is the size of the largest component of the network. Some types of networks
(such as patent networks) are fragmented into different groups of nodes, forming a
sort of constellation of components. When the largest component agglutinates a high
proportion of the nodes, then the network is less fragmented. The literature on the
evolution of networks has found that as the number of links in a network increases, the
network becomes progressively more cohesive, forming larger and larger components.
This process of gradual cohesion changes when a tipping point is reached abruptly,
and the emergence of a ‘giant component’ brings a significant proportion of the nodes
together (Fleming, ez al., 2007; Jackson, 2008).

Table 1. Network measures for the key concepts

Concept Measure Description
Absorptive capacities
Average degree The average degree is the average number of
links connecting to each node in the network
Size of largest The largest set of nodes whose members are
component directly or indirectly connected to each other
and disconnected from the rest of the network
Connectivity capacities Foreign actors The share of external nodes that are part of the
national networks
Foreign links The share of links between local and foreign
nodes over the total number of links in the
network

Source: Authors.

! A detailed explanation of the data selection and processing up to the reconstruction of our networks can
be found in Bianchi ez al. (2020).
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To measure network openness (external connectivity capacity), we use two simple net-
work indicators: foreign nodes and foreign links. In the Latin American patent networks,
there are some actors (inventors or owners) located in foreign countries that maintain
collaborative links with the local actors of the network. Taking this into account, the first
indicator of connectivity capacity, the number of foreign links, is measured in terms of
the number of connections that local actors maintain with foreign actors. The second
indicator focuses on the number of foreign actors that participate in local patents by
collaborating with local actors. The combination of these two indicators allows us to
measure the extent to which a national network is open and connected to external actors.

This methodology has a number of limitations. It offers only a partial picture of
ISs as we analyse collaborative ties in knowledge-creation activities and knowledge-
appropriation processes related to patentable knowledge. However, this empirical ap-
proach captures neither informal knowledge exchanges nor knowledge appropriated
through other protection mechanisms.

On the other hand, an extensive literature has documented that patents are a prob-
lematic indicator of innovation outputs because most innovations are not patented and
only around half of the patents owned by firms are used or licensed. Moreover, the use
of a patent system to protect invention rights is highly heterogeneous (Nagaoka et al.,
2010). In particular, in developing countries, the firms’ incentives to patent are lesser
than in the developed ones (Dolfsma and Leydesdorff, 2011).

However, using patent information to trace collaborative inventive activities produces
a consistent—albeit partial—measure of systemic knowledge exchanges (Dolfsma and
Leydesdorff, 2011). Furthermore, the use of a common patent regime allows an ad-
equate comparison of inventive activities between countries, avoiding problems asso-
ciated with the institutional differences among national patent offices. In this regard,
the US patent system has the advantage of being the world centre of the market for
technology, at least during the period studied.

It should be noted that the empirical evidence presented here is mainly descriptive.
A great deal of previous research has analysed in depth different national and sectoral
cases. Therefore, we analyse the evolution of the collaborative patenting networks in
Latin American countries, as indicators of critical attributes of the Latin American ISs,
against the backdrop of this prior research.

5. Addressing Latin American ISs through collaborative networks

Patent collaboration networks of Latin American countries are very heterogeneous in
terms of size. These networks grew during the period under study, since their number
of both nodes and links increased. This is observed for both inventor and owner net-
works, and for all countries in the region; however, as we will see below, this growth is
not constant in all networks and some countries even experienced some years of net-
work retraction (Supplementary Appendix, Figure Al).

Table 2 shows the overall results of the absorptive and connectivity capacities of
Latin American ISs. First, with respect to absorptive capacities, we can observe that,
although the average degree increases during these years, network cohesion remains
very low. This can be also observed with the largest component indicator, which, in
most countries, accounts for only a small proportion of the nodes, indicating that pa-
tent networks in Latin American countries are highly fragmented, that is, made up of
a constellation of small components isolated from each other.
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Table 2. Summary of network statistics in Latin American countries

Inventors networks Owners networks
1970-77 2010-17 1970-77 2010-17
Absorptive capacities
Avw. Degree
Mean 1.705 5.146 0.208 1.922
Median 1.222 4.551 0 1.600
Max. 5.444 9.763 0.824 4.452
(CU) (CU) (AR) (CU)
Min. 0.7556 3.907 0 0.444
(VE) (CO) (CL/CO/CU/VE) (VE)
Share of largest component
Mean 0.147 0.114 0.354 0.277
Median 0.089 0.042 0.200 0.143
Max. 0.5 0.533 1 0.806
(CU) (CU) (CD) (CU)
Min. 0.038 0.035 0 0.053
(BR) (CL) (CU) (MX)
Connectivity capacities
External links
Mean 0.176 0.467 0.020 0.328
Median 0.168 0.491 0 0.257
Max. 0.444 0.683 0.1429 0.684
(CL) (CU) (BR) (CU)
Min. 0 0.248 0 (MX/AR/CL/CO/CU/VE) 0.156
(CU) (CL) (MX)
External nodes
Mean 0.208 0.381 0.010 0.215
Median 0.209 0.379 0 0.167
Max. 0.438 0.495 0.067 0.387
(CL) (VE) (BR) (CU)
Min. 0 0.193 0 0.111
(CU) (CU) (MX/AR/CL/CO/CU/VE) (VE)

Source: Authors, based on PatentsView data.

Fragmentation is particularly high in inventor networks—except in the case of Cuba,
which is a clear outlier in this aspect—since in all countries the largest component
never reaches 20% of nodes and for most countries, it does not even reach 10%. As ref-
erence values, Bettencourt ez al. (2007), Breschi and Lenzi (2016) and Casper (2013)
document values above 50% in inventor networks in several US regions. More re-
cently, Pinto et al. (2019) report the largest component with almost 80% of the nodes
(except for isolated inventors) for the network of all USTPO inventors.

On the other hand, the owner networks are slightly more cohesive, since the pro-
portion of nodes connected to the largest component is higher, which is in line with
previous studies in other countries. For example, Galaso and Kovarik (2021) and
Graf and Henning (2010) documented the largest components of similar sizes in
Spanish and German regions, respectively. However, these owner networks present
very small and simple structures. That is, with few exceptions, they are essentially
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made up of groups of owners that collaborate on a single patent but are not linked to
any others, and, therefore, these groups remain isolated from each other.

The fragmentation of national networks into isolated teams of actors represents an
important barrier to the circulation of ideas and the absorption of new knowledge.
This suggests that collaborative networks replicate the IS structure composed of dis-
connected subsystems (Cimoli and Porcile, 2009; Srinivas, 2018).

Regarding connectivity capacities, Latin American ISs have traditionally been open
systems. Co-invention networks between 1970 and 2017 consistently include a large
number of inventors from outside the region. However, since 2000, the share of ex-
ternal inventors has stopped growing, and, indeed, it seems to have declined in several
countries. Despite this, the proportion of external inventors at the end of the period is
high, with values above 40% in most countries and above 50% in some of them. These
proportions are significantly higher than those reported in inventor networks in the
USA (Fleming et al., 2007; Lobo and Strumsky, 2008). On the other hand, owner net-
works show a greater involvement of external actors and an increase in the percentage
of foreign owners after 1990, which accords with the economic openness process of the
late twentieth century. In parallel with this increasing openness, the growth of patent
activity in the region has been supported by growth in the absolute number of local
actors, both owners and inventors.

These results reflect the effects of structural reforms Latin American countries
pursued after the 1990s. In this context, our results suggest that the market expansion
and increased competition associated with economic liberalisation have not increased
invention and innovation in the region, but they have shown the limits of knowledge
reception capacity in the absence of strong local absorptive capacities (Montobbio and
Sterzi, 2011; Campi and Duenas, 2019).

We now focus on analysing the absorptive and connectivity capacities in those coun-
tries with the largest networks in Latin America. Table 3 presents the indicators of
these capacities for these countries at the end of the period (2010-17) and a summary
of the distinctive features of their networks. The relationship between absorptive and
connectivity capacities at different points in time for each country are presented in
Supplementary Appendix, Figure A2.

This analysis yields two main findings. First, we see some diversity in inventor and
owner networks, with some countries, such as Cuba, standing out particularly for their
inventor network.

Second, we appreciate a positive correlation between connectivity and absorptive
capacities (Supplementary Appendix, Figure A2), which is robust when different in-
dicators are used. The intensity of this relationship seems to vary from country to
country, and we also find some interesting exceptions, such as Chile, which exhibits
a negative correlation between absorptive and connectivity capacities in the inventor
network.

5.1 The big three: Brazil, Mexico and Argentina

The largest countries of the region differ greatly in terms of geographical location,
productive structure, trade specialisation and research infrastructure. However, these
countries share a regional leader position. Since the period of state-led industrialisa-
tion, these countries have built national innovation capacities, sometimes anchored in
large national development projects (Cimoli and Katz, 2003; De Negri, 2010). Jointly
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with the formation of the scientific systems in the 1950 and 1960 decades, these pro-
cesses support the formation of a critical mass of scientific actors in some specific fields
(Dutrénit and Puchet, 2011).

In addition, during the 48 years analysed here, these three ISs all exhibit a positive
correlation between absorptive and connectivity capacities in inventor networks as well
as a consistent increase in both capacities (Figure 2). On the other hand, the owner
networks in these countries also show a mostly positive but non-monotonic correlation
between absorptive and connectivity capacities (Supplementary Appendix, Figure A6).

Several studies have analysed these cases in depth (e.g. De Negri, 2010), showing that
their ISs are made up of heterogeneous agents, with a low density of internal linkages
and the existence of some highly developed fields, usually geographically concentrated
in the most affluent regions of the country (de Araugjo ez al., 2019). According to our re-
sults, these ISs exhibit relatively large and cohesive co-invention and co-appropriation
networks. The network indicators also show that absorptive capacities have evolved
similarly in Brazil and Mexico. These countries improved the average degree and sub-
stantially increased the size of the largest components in both inventor and owner
networks. This is especially clear in the Brazilian inventor network where its largest
component has grown to around 300 nodes by the end of the period (Supplementary
Appendix, Figure A3). Meanwhile, in co-appropriation networks, Argentina exhibits
an impressive growth of the largest component, showing a considerable improvement
of owner network cohesion (Appendix, Figure A4).

However, in these networks, the largest components represent only a very small propor-
tion of all the nodes. This indicates that none of the three countries has yet experienced the
emergence of a giant component, so their networks, as a whole, are still very fragmented,
with a prevalence of weak systemic interactions co-existing with a few relatively large and
well-connected components (Rivera-Rios ez al., 2009). The owner network in Argentina
is an exception to the above, since the largest component brings together more than a
third of its nodes. Thus, we could consider that a giant component has emerged in this
network. This feature should substantially facilitate the circulation of knowledge among
patent owners, which implies a strength in the absorptive capacity of the Argentine IS.

Regarding the connectivitycapacities, these three largest ISs have relatively few
foreign nodes (Supplementary Appendix, Figures A3-A5). However, the propor-
tion of foreign inventors in the Argentinean and Mexican networks has been steadily

Argentina Brazil Mexico

Absorptive capacities (Average degree)
Absorptive capacities (Average degree)

Absorptive capacities (Average degree)

1970_1977

o ' 33 4 o ¥ 4 05 2 3 4
Connectivity capacities (Share of exlernal links) Connectivity capacities (Share of external links) Connectivity capacilies (Share of external links)

Fig. 2. Coevolution of absorptive and connectivity capacities in Brazil, Mexico and Argentina.
Source: Authors, based on PatentsView data.
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increasing, from approximately 25% in the 1970s to more than 40% in the 2000s. In
contrast, the proportion of foreign inventors in Brazil’s networks has systematically de-
creased, from 46% in the 1970s to 37% in the 2000s.

In sum, our results confirm that the Brazilian IS, which is strongly supported by
national policies, is the most mature IS in the region. Brazil has progressively accessed
the global system of knowledge, exhibiting increasing collaboration with Asian part-
ners in addition to long-standing collaborations with partners in Europe and the USA
(Ponomariov and Toivanen, 2014; Reis et al., 2018). Meanwhile, Mexico seems stuck
in an unbalanced relationship with the USA that hinders the formation of a local crit-
ical mass (Dutrénit and Puchet, 2011). As for Argentina, the most intriguing finding is
its highly cohesive owner network, which is inconsistent with (and arguably contrary
to) previous evidence of a lack of collaborative innovation linkages in the Argentinean
IS (Chudnovsky, 1999; Erbes er al., 2010).

5.2 Chile and Cuba: a tale of two development projects

The evolution and current state of collaborative patent networks in Cuba and Chile
seem to be related to explicit national projects, which have been recently discussed
in each country (Atria er al., 2013; Rodriguez and Nunez, 2021). The former is note-
worthy for the structure of its inventor network and the latter for the relative import-
ance of its owner network.

The Cuban co-inventor network is, by far, the most cohesive network in the region:
it has no isolated actors and its inventors have, on average, twice as many connections
as the next-most-cohesive ISs in the region. In the rest of Latin American countries,
the largest connected components of co-inventor networks include only a small pro-
portion of the nodes. In the Cuban network, however, the largest component accounts
for more than 50% of the nodes (Table 3). In fact, Cuba is the only Latin American
country in which a giant component has emerged since 2002 (Table 3; Supplementary
Appendix, Figure A7).

Despite the exceptional evolution of the Cuban co-inventor network, its national
co-owner network is quite small but very cohesive. The difference between the
co-inventor and the co-owner networks reflects the structural features of the Cuban
IS, where a high degree of scientific development coexists with a relatively weak and
extremely concentrated business ecosystem, life sciences being the country’s strongest
sector (Kwon er al., 2019). In fact, patenting activities in Cuba are mostly conducted
by a number of state-owned enterprises that pursue a national strategy of innovation
that survived a severe crisis following the dissolution of the socialist bloc (Blanco,
2020). Nowadays, exports of pharmaceutical and biotech products are part of the
island’s international trade strategy, which contributes critically needed revenue to the
national economy (Kwon ez al., 2019).

Conversely, Chile stands out because its owner networks are better connected than
its co-inventor networks. We observe in the Chilean case that absorptive capacities in
co-inventor network have not improved since 1986, while the co-owner network has greatly
increased its size and cohesion. Previous studies have shown evidence of the improvement
and increased dynamism of Chile’s system of entrepreneurship during the last decade
(Klerkx er al., 2015) and the relative success of using public funds to support firms’ inter-
active innovation projects (Crespi et al., 2020). However, a number of empirical studies
have emphasised the weak cohesion of the Chilean IS (Pinto ez al., 2019) and the low level
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of private investment, even in highly competitive industries (Bas and Kunc, 2009). As
mentioned above regarding the Argentinean owner network, our results do not fully accord
with the extant evidence on the cohesion and interactive dynamics of the business sectors
in these countries. Explaining this discrepancy is a task for future research.

Cuba exhibits interesting results regarding external connectivity capacity. On the
one hand, according to the share of foreign nodes in its network, Cuba exhibits the
least externally oriented network in the region. Meanwhile, the Cuban network ranks
highest in the region for number of links with external actors. Because of the na-
tional development project (Rodriguez and Nufiez, 2021), the Cuban IS exhibits a
uniquely high level of absorptive capacity together with focussed external connectivity
capacities. Certain nodes, in particular state-owned firms, seem to play the role of
gatekeepers (Graf, 2011), that is, they intermediate between local nodes and external
actors (Rodriguez and Nufiez, 2021). Gatekeepers may contribute to overcoming
subsystems’ previous disconnection, as interpreted by Cuban authors (Blanco, 2020;
Rodriguez and Nuifiez, 2021). However, intermediary state-owned firms may also op-
erate by controlling the diffusion of external knowledge along the Cuban IS.

Relatedly, these two countries show a unique relationship between absorptive and
connectivity capacities. Chile is the only case in the region that exhibits a negative cor-
relation between the two dimensions (Figure 3, left), which is reflected in its changing
trajectory: it started out relatively open and has been able to build greater absorptive
capacity among inventors. Cuba, in contrast, exhibits the opposite trajectory; it started
out relatively closed to foreign collaboration and remained so until the 1980s, after
which it has exhibited increasing openness together with increasing cohesiveness of the
inventor network (Figure 3, right).

5.3 Uneven trajectories of two neighbours: the Venezuelan and the Colombian ISs

Patent network analysis reveals differences in the evolution of the Colombian and the
Venezuelan ISs. These two countries have experienced internal and external pressures

Chile Cuba

=]
=

1986_1993 2010_2017

Absorptive capacities (Average degree)

1978_1985

e 1978_1985
0.20 0.25 0.30 035 0.40 0.45 0.0 0.2 04 0.6
Connectivity capacities (Share of external links) Connectivity capacities (Share of external links)

Fig. 3. Coevolution of absorptive and connectiviry capacities in Chile and Cuba.
Source: Authors, based on PatentsView data..
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that have affected their economic and social stability. However, while Venezuela was
traditionally seen as a relatively advanced IS in the region, its recent experiences—in
particular, its recent national policies and political conflict—have adversely affected re-
search and innovation activities in the country (Jimenez and Garcia, 2017). In contrast,
Colombia’s policy on research and innovation is framed by a novel approach linking
innovation and research with development goals (Colciencias, 2018). However, our
results accord with the most recent research on the Colombian IS, showing a highly
fragmented network (Correa ez al., 2014; Gémez, 2018) and an erratic accumulation
of both absorptive and connectivity capacities. In fact, although Colombia is the third-
most-populous country in the region and its investment in research and innovation has
recently grown, its networks are relatively small and its connectivity levels are also low.
Our results suggest that the Colombian IS has failed to generate and maintain a critical
mass of local inventors and patent owners. Arguably, as recent studies of this country
show, these results may be related to the fact that the national patent network is highly
concentrated around the national petroleum company (Goémez, 2018).

Around petroleum research and production, the cases of Colombia and Venezuela
provide new evidence on the relatively high level of development associated with a
strategic resource for the country and the public policy created to support its develop-
ment. However, these cases also reinforce the perception of disconnected subsystems,
with heterogeneous levels of maturity and development, cohabiting within the same
national IS.

The case of Venezuela is particularly interesting because of the evolution of its
network cohesion. Both co-invention and co-appropriation networks evolved until
about halfway through the period considered in this research and then they suffered a
strong reduction in size and loss of cohesion in recent years, which seems to reflect a
de-accumulation or de-learning process. While this sort of decay is viewed as a chronic
curse of innovation processes in Latin America (Arocena and Sutz, 2000B; Sagasti,
2005), our analysis does not find it in any other network in the region. In Venezuela’s
co-invention network, we find that a giant component (more than 100 inventors rep-
resenting 20% of the nodes) emerged in 1994 and, subsequently, disintegrated until in
the most recent eight-year period it included only 19 nodes (Supplementary Appendix,
Figure AB).

The rise and fall of a giant component in the Venezuelan co-invention network is
contrary to what is expected from the network evolution literature where, after the
emergence of a giant component, networks tend to remain cohesive (Jackson, 2008).
Meanwhile, it is evident that the Venezuelan network has disintegrated. This finding
seems to reflect the effects of the 2002 political crisis, associated to major strikes in the
state-owned petroleum firm, and the massive emigration of scientists (Requena and
Caputo, 2016). In fact, during the 1976-2010 period 80% of the Venezuelan patents
registered in the USPTO (Requena, 2011) and 40% of the patents registered in the
national intellectual property office (Hall, 2005) were attributable to the national pet-
roleum research institute.

Moreover, this country has exhibited a strong tendency towards international col-
laborations since 1986, which may indicate a weakening of its national collaboration
networks and, therefore, a greater dependence on foreign actors.

In spite of the differences between these two countries, the Colombian and
Venezuelan networks share a highly uneven relationship between absorptive and
connectivity capacities. Due, likely, to the political and civil crises in these countries
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Fig. 4. Coevolution of absorptive and connectivity capacities in Colombia and Venezuela.
Source: Authors, based on PatentsView data.

(Jiménez and Garcia, 2017), both inventor and owner networks exhibit a significant
decrease in accumulated absorptive capacity and, after 2010, an even greater decrease
in connectivity capacity in owner networks (Figure 4).

6. Final remarks and conclusions

This paper presents novel empirical evidence concerning patents and collaboration
networks in Latin American countries between 1970 and 2017. Based on a dataset of
patents registered with USPTO and using social network analysis techniques, we con-
firm certain structural features and identify recent critical changes in Latin American
ISs. In addition, we apply a theoretical framework which maps system-theoretic prop-
erties onto critical IS attributes that are observable through network analysis. In par-
ticular, we contribute to measuring and analysing the elusive concept of national
absorptive capacities (Criscuolo and Narula, 2008) using indicators that take inter-
action as the analytical unit. This allows us to analyse the critical mass of interactions
as an emergent property that enables self-sustained system functioning.

Four major findings of this research merit emphasis. First, collaboration net-
works in Latin America are not cohesive. We find a constellation of separate groups
in national networks where the largest components encompass only a small share
of network actors. According to network evolution models, networks tend to
grow increasingly connected, as more links appear, until they form complex, co-
hesive structures (Jackson, 2008). However, the networks in our analysis still do
not show either complex structures or the critical mass of interaction needed for
self-sustained system functioning (Dutrénit and Puchet, 2011). Second, despite
this general lack of connectivity, certain national exceptions can be found. As we
noted above, Cuba has a strongly cohesive co-invention network, while Argentina
and Chile exhibit highly cohesive networks of owners. The differences we found
between co-invention and co-appropriation networks illustrate distinctive features
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of national ISs, in particular the relatively low participation of private actors. Third,
networks show a large number of international collaborations, indicating that many
of the interactions associated with invention processes in Latin America are out-
ward oriented. Finally, arguably the most important finding is that, with the excep-
tion of Venezuela, all the largest Latin American ISs, despite exhibiting relatively
low absorptive capacities, show a cumulative trend of increased systemic capacity.
However, persistent signals of structural disconnections, attributable to discon-
nected subsystems, are registered.

Future research should seek to provide more in-depth national networks analyses
that incorporate the characteristics of the agents involved in the interaction as well as
the technological fields in which they operate.
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Appendix

Table Al. USPTO patents registered by Latin American inventors 1970-2017

Country Patents Inventors Owners
Argentina 2338 1942 248
Bolivia 52 31 3
Brazil 6715 7760 969
Chile 950 1066 208
Colombia 589 662 95
Costa Rica 414 223 21
Cuba 179 819 54
Dominican Rep. 80 56 4
Ecuador 129 82 8
El Salvador 28 26 4
Guatemala 65 46 6
Honduras 39 24 1
Mexico 5184 5598 477
Nicaragua 11 9 NA
Panama 137 70 30
Peru 210 166 24
Paraguay 19 18 2
El Salvador 28 26 4
Uruguay 171 146 31
Venezuela 1094 908 57

Source: Authors, based on PatentsView data.
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Fig. Al. Evolution of the size of country networks
Notes: The size of the boxes represent the interquartile range (IQR), the hori-
zontal line inside each box represents the mean, the vertical lines represent
the minimum and maximum excluding outliers, the dots represent outliers.
The outliers are observations that lie over the Q3 + 1.5*IQR, or bellow
Q1-1,5*IQR.
Source: Authors
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Fig. A2. Network cohesion and openness in Latin American ISs. a. Plot of average
degree vs. percentage of foreign links in invention networks. b. Plot of average degree
vs. foreign links in owner networks
Notes: cohesion indicators on y-axes, openness indicators on x-axes.
AR=Argentina; BR= Brazil; CL=Chile; CO= Colombia; CU= Cuba;
MX=Mexico; VE= Venezuela.

Source: Authors, based on PatentsView data.
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Fig. A3. Evolution of Brazil inventor network
Note: Grey nodes represent Latin American inventors; black nodes represent
foreign inventors. N: total number of nodes in each period; Selected: number
of nodes represented in each graph; Proportion=Selected/N.
Source: Authors, based on PatentsView data.

€202 Joquieidag 61 U0 1sanB A 61£9/2./7£0PESG/I/E601 "0 1/10p/2[0IHE-80UBADE/B[0/WO0"dNO"DILSPEDE//:SARY WOl PAPEOIUMOC



Page 28 of 31 C. Bianchi et al.

1986_1993

N: 580 - Selected: 500 - Proportion: 0.86

2002_2009

N: 2324 - Selected: 498 - Proportion: 0.21

1994_2001

N: 1635 - Selected: 498 - Proportion: 0.3

2010_2017

N: 4563 - Selected: 467 - Proportion: 0.1

Fig. A4. Evolution of Mexico inventor network
Note: Grey nodes represent Latin American inventors; black nodes represent
foreign inventors N: total number of nodes in each period; Selected: number
of nodes represented in each graph; Proportion=Selected/N.
Source: Authors, based on PatentsView data.
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Fig. AS. Evolution of Argentina inventor network
Note: Grey nodes represent Latin American inventors; black nodes represent
foreign inventors. N: total number of nodes in each period; Selected: number
of nodes represented in each graph; Proportion=Selected/N.
Source: Authors, based on PatentsView data.

Argentina Brazil Mexico

Absorplive capacilies (Average degree)
Absorptive capacities (Average degree)

Absorptive capacities (Average degree)

1086_1003

o 0z o3 04 oo 015 020 015 230 000 005 00 018
Connectivity capacities (Share of external links) Connectivity capacities (Share of external links) Connectivity capacities (Share of external links)

Fig. A6. Coevolution of absorptive and connectivity capacities in owner networks
Source: Authors, based on PatentsView data.
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Fig. A7. Evolution of Cuba inventor network
Note: Grey nodes represent Latin American inventors; black nodes represent
foreign inventors. N: total number of nodes in each period; Selected: number
of nodes represented in each graph; Proportion=Selected/N.
Source: Authors, based on PatentsView data.
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Fig. A8. Evolution of Venezuela inventor network
Note: Grey nodes represent Latin American inventors; black nodes represent
foreign inventors. N: total number of nodes in each period; Selected: number
of nodes represented in each graph; Proportion=Selected/N.
Source: Authors, based on PatentsView data.
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