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Resumo 

Este artigo explora a interação entre barreiras à inovação e cooperação na América Latina. Para 
atingir esse objetivo, usamos o Banco de Dados Harmonizado de Pesquisas de Inovação da 
América Latina (LAIS) para investigar os determinantes dos obstáculos à inovação e explorar 
a relação entre esses obstáculos e a cooperação de empresas manufatureiras ativas em inovação 
com outros agentes econômicos em atividades inovadoras. Nossos resultados mostram que 
todas as barreiras à inovação investigadas são catalisadoras da cooperação, principalmente com 
outras empresas. Quanto à cooperação com instituições de pesquisa, apenas a barreira do 
conhecimento parece ser efetiva. O artigo lança luz sobre esses temas e esperamos que possa 
ajudar a melhorar o desenho das políticas públicas nos países da América Latina.  
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Abstract 

This paper explores the interplay between innovation barriers and cooperation in Latin 
America. To achieve this goal, we used the Harmonized Latin American Innovation Surveys 
Database (LAIS) to investigate the determinants of obstacles to innovation and to explore the 
relationship between these obstacles and the cooperation of innovation-active manufacturing 
firms with other economic agents in innovative activities. Our results show that all investigated 
innovation barriers are catalyzers for cooperation, especially with other firms. As for 
cooperation with research institutions, only the knowledge barrier seems to be effective. The 
paper sheds light on these themes and we hope it can help to improve the design of public 
policies in Latin American countries.  
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1. Introduction 

Productivity is one of the key drivers for economic development and the problem of slow productivity 
growth remains a relevant issue in Latin American and Caribbean (LAC) countries [see (Pagés 2010), for 
example]. Understanding what determines productivity growth is a relevant question in the literature, and 
the existing evidence suggests that innovation is an important determinant (Syverson 2011).  

Nevertheless, innovation is a risky investment and most of the literature has focused its attention on 
financial obstacles to innovation. However, due to the availability of different waves of innovation surveys 
in different countries, literature started to find that these other barriers may be as relevant as financial 
constraints (Pellegrino and Savona 2017). And this literature also covers LAC countries (Arza and López 
2021; Bukstein et al. 2018; Cânedo-Pinheiro et al. 2018; Mohan et al. 2016; Zahler et al. 2018).  

There is also a growing empirical literature on various aspects related to cooperation for innovation, 
mostly for European countries (Antonioli et al. 2017; Becker and Dietz 2004; De Faria et al. 2010; Odei et 
al. 2018; Tiwari and Buse 2007). However, there are only a few efforts using Latin America data (ECLAC 
2011; Fuentes-Solís et al. 2019).  

Furthermore, to the best of our knowledge, no work attempts to investigate the interplay between 
barriers to innovation and cooperation in Latin America, except for Brazil (Cânedo-Pinheiro et al. 2018; 
Moraes Silva et al. 2020). So far, the literature has shown different perspectives on this subject, but 
cooperation is perceived as an effective coping strategy in the presence of obstacles (Antonioli et al. 2017). 
However, contrary to their counterparts in Europe, organizational and financial barriers cause Brazilian 
firms to cooperate less, not more, especially with other firms. In the Brazilian context, cooperation 
(especially with research institutions) is a coping strategy only for knowledge obstacles (Cânedo-Pinheiro 
et al. 2018).  

Are the results found for Brazil concerning the interplay between barriers to innovation and 
cooperation valid for the rest of Latin America? If so, what are the implications for the innovation policy 
in these countries? The Brazilian experience also indicates that the increase in public funding for innovation 
mitigated the market failures associated with credit but exacerbated the lack of qualified personnel to work 
in innovative activities (Cânedo-Pinheiro and Sousa 2021). It seems that, at least for Brazil, it is not enough 
to deal with financial obstacles to innovation, but also with knowledge ones. Is it also held for all Latin 
America?  

Answer all these questions is particularly relevant in the current context, where the fiscal constraints 
following the COVID-19 pandemic compete with additional public support for innovation. Our project 
intends to shed light on some of these themes, which will certainly help to improve the design of public 
policies in Latin American countries. 

2. Literature 

In this section, we present theoretical and empirical elements regarding two pillars of our research: 
innovation barriers and cooperation. We also explore some elements of the interplay between both pillars.  

2.1. Innovation Barriers 

Innovation barriers used to be an understudied topic in innovation studies (Hadjimanolis 2003), but this 
trend started to change following recent efforts by governments and agencies to promote innovation policies 
in different countries (Hölzl and Janger 2012). Understanding innovation barriers and their impacts on 
innovation efforts are critical to policymakers since it allows for better design of new innovation policies 
and evaluation of already established ones (D’Este et al. 2014; De Fuentes et al. 2020; Pellegrino and 
Savona 2017). In many ways, minimizing innovation barriers is key to innovative success (J. K. Hall and 
Martin 2005). 

     Overall, innovation barriers are seen as factors that prevent, delay or block innovation (Mirow et al. 
2008). Additionally, the terms used to describe these factors (barriers, hurdles, impediments, or obstacles) 
are used interchangeably (Hueske and Guenther 2015) and are related to the firm’s awareness of the 
difficulties associated with innovation efforts (D’Este, Iammarino, Savona, and von Tunzelmann 2012).  
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     Barriers to innovation are generally classified into different groups for research and survey purposes, 
but there is so far no widely accepted taxonomy in the literature (Hueske and Guenther 2015). The most 
general division separates barriers between financial and non-financial (e.g. Pellegrino and Savona 2017) 
or external and internal (e.g. Hadjimanolis 2003). More detailed classifications include barriers associated 
with economic risk (e.g. P. Mohnen et al. 2008), knowledge (e.g. De Fuentes et al. 2020), market (e.g. 
Antonioli et al. 2017), lack of costumers responsiveness (e.g. Galia and Legros 2004), organization (e.g. 
Madrid-Guijarro et al. 2009), demand (e.g. Zahler et al. 2022), regulation (e.g. D’Este, Iammarino, Savona, 
and von Tunzelmann 2012) and access to public support (e.g. Santiago et al. 2017). In many cases, the 
researches involve more than one barrier, but there are also studies dedicated to only one (Hueske and 
Guenther 2015).  

     Among all the innovation barriers faced by firms, the literature has mostly focused its attention on 
financial ones. Overall, the results show that the level of financial constraints affects negatively the firms’ 
investments in innovation [see Hall et al. (2016) for a comprehensive review on this subject]. There is also 
evidence that financial barriers are associated with loss of firm productivity (Coad et al. 2016). These 
barriers hamper their innovation efforts throughout the entire innovation cycle but are especially deleterious 
in the early stages of the innovation process - especially for radical innovations (Pereira Cabral et al. 2020).  

     Other contributions dedicated to innovation barriers include but are not limited to the mediating role 
of external knowledge search to surpass innovation hurdles (Torres de Oliveira et al. 2021), how firm age 
can affect a firms’ perception of innovation obstacles (Pellegrino 2018), and how the perception of 
innovation barriers may change for successful and unsuccessful innovators (De Fuentes et al. 2020). There 
is evidence that small, independent and highly innovative companies are more likely to consider barriers to 
innovation as highly important (Hölzl and Janger 2014) and that radical innovation barriers are more 
evident than incremental (Sandberg and Aarikka-Stenroos 2014). In addition, results show that firms 
belonging to a group tend to perceive innovation barriers as less important than single firms (Iammarino et 
al. 2009).  

     Many studies on innovation barriers show a positive correlation between companies more engaged 
in innovation and perceived barriers to innovating (Hölzl and Janger 2014; Pellegrino and Savona 2017). 
Although it seems counterintuitive, it was initially hypothesized that this correlation exists because more 
innovative firms would be more aware of the barriers and more equipped to overcome them (Baldwin and 
Lin 2002). However, more recent work attests that this correlation is due to a spurious correlation between 
innovation intensity and perceived obstacles due to inappropriate sample selection (Savignac 2008). This 
perception has led many subsequent studies to restrict the analysis to groups called 'potential innovators' - 
those firms that invest in innovative activity and those that do not but have experienced barriers (e.g. D’Este, 
Iammarino, Savona, and von Tunzelmann 2012). This procedure is fundamental to guarantee consistent 
results (Pellegrino and Savona 2017). 

     A systematic review of almost 200 empirical studies in innovation barriers showed that the literature 
on innovation barriers became more popular at the beginning of the 2000s, especially after 2010. It also 
shows that most of the literature focuses on countries of the Global North, large companies, and are multi-
sectorial (Hueske and Guenther 2015). The disproportionate distribution of studies focused on developed 
economies compared to studies focused on recently industrialized and developing economies draws the 
attention of part of the literature (De Fuentes et al. 2020), especially considering that barriers to innovation 
are very contextual and the results of studies conducted in rich countries may not be of much value for less 
developed economies  (Hueske and Guenther 2015). For example, for companies in countries far from the 
technological frontier, the financial barriers are very relevant, since the financial and innovation systems 
are less developed than in countries near the frontier (Hölzl and Janger 2014). 

2.2. Cooperation and Innovation 

According to Antonioli et al. (2017), the analyses of cooperation between agents for innovation are based 
on different theoretical perspectives. The industrial organization literature suggests that firms cooperate to 
internalize the knowledge that could be appropriated by other competitors (Arvanitis 2012) or to share cost-
risk (López 2008). On the other hand, the management literature suggests that firms may cooperate if the 
partnership offers a chance to emphasize resources and capabilities, learn to use new technologies, and if 
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presents itself as an opportunity to shape the competitive environment (Caloghirou et al. 2003). According 
to De Faria et al. (2010, p. 1083), cooperation is based on how firms “manage the trade-off between 
generating and receiving knowledge spillovers to and from partners”. 

     While part of the literature on cooperation for innovation may focus on the determinants of 
cooperation, a significant part also focuses on the effects of cooperation in firms’ outputs (Barge-Gil 2010). 
Usual variables for this analysis include a percentage of sales from innovative products (e.g. Fritsch and 
Lukas 2001), sales of innovative products (e.g. Negassi 2004), and labor productivity (e.g. Belderbos et al. 
2004). Overall, cooperation in innovation generates positive outputs for firms involved in the partnership 
but it can also raise appropriability issues that may lead to competitive disadvantage (Veugelers 2016). 

     As for the determinants of cooperation, the literature also suggests that cooperation depends on 
several factors, including types of partners, the absorptive capacity of the partner, and the type of innovation 
(De Faria et al. 2010; Wang 2021). Also, evidence shows that small and less research and development 
(R&D) intensive firms cooperate more to innovate than larger firms in high tech sectors (Barge-Gil 2010) 
and that firms’ product innovation is positively affected by geographical proximity to a university (Maietta 
2015). Specifically for cooperation for R&D, it is usually used to complement internal resources of the 
firms and results in higher R&D intensity and commitment (Becker and Dietz 2004).  

2.3. The Interplay Between Innovation Barriers and Cooperation 

Many aspects of innovation barriers have been explored in recent years but there is a lack of work regarding 
the interplay of these barriers with cooperation, especially for developing economies. The current literature 
shows some aspects of the interplay between innovation barriers and cooperation, including showing that 
cooperation may reduce internal financial constraints and the cost of external funding to innovate (López 
2008). There is evidence that these partnerships may also reduce innovation costs through economies of 
scale and scope derived from collaboration with external partners (Arvanitis 2012; Becker and Dietz 2004). 
Other research also shows that the effects of obstacles to innovation are related and may affect firms’ 
decisions to invest in science, technology, and innovation in middle-income developing countries (Tello 
2021).  

     Innovation pursuit may also lead companies to cooperate to surpass capabilities and skills shortages 
since these partnerships grant access to valuable external knowledge (Arranz et al. 2019; Barge-Gil 2010) 
and may lead to an upgrade in competencies and skills (Caloghirou et al. 2003). Companies can also 
cooperate to address market-related barriers, such as entering new markets, expanding existing ones, 
increasing capacity to cope with changes in demand, and bringing technologies to market more quickly 
(Hagedoorn et al. 2000; Mowery et al. 1998; Wu 2012). 

     Regarding the specific discussion of whether facing innovation barriers leads firms to cooperate, 
the literature is scarce. On one hand, there is evidence that the perception of financial barriers is associated 
with the propensity of small and medium firms to cooperate with universities and research institutions 
(Moraes Silva et al. 2020). A closer examination of this connection also showed that facing innovation 
barriers is generally associated with the adoption of cooperation strategies, especially for financial barriers. 
These barriers are associated with cooperation with different partners, while knowledge barriers are 
associated with partnerships with research organizations (Antonioli et al. 2017). Evidence also shows that 
financial, technological, and market obstacles may prompt firms to access university knowledge (Kanama 
and Nishikawa 2017).  

3. Dataset and Relevant Sample 

3.1. Data Source 

We will use multi-country, firm-level (unbalanced panel) data from Harmonized Latin American 
Innovation Surveys Database – LAIS (Crespi et al. 2021). LAIS contains variables at the firm level from 
innovation surveys in several Latin American countries: Argentina (2013, 2017), Chile (2009, 2011, 2013, 
2015, 2017), Colombia (2009 to 2017), Dominican Republic (2010), El Salvador (2013, 2016), Ecuador 
(2013, 2015), Panama (2009, 2014), Paraguay (2013, 2016), Peru (2012, 2015), and Uruguay (2007, 2010, 
2013, 2016). Moreover, for the sake of harmonization, our sample will include only manufacturing firms, 
because not all surveys cover the other sectors properly. 
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Typically, our econometric model will include controls for firm-specific characteristics. However, 
the coverage of these variables is not the same for all countries and surveys. Table 1 below indicates that 
we must exclude Argentina, Colombia, Dominican Republic, and Panama if we want to include firm age 
(AGE), (logarithm of the) number of employees (SIZE), foreign capital presence (FOREIGN), group 
participation status (GROUP) and export status (EXPORT) as control variables.1  

Table 1: Characteristics of the Firm in LAIS (Country/Wave Coverage) 

 Firm Age 
Number of 
Employees 

Foreign 
Capital 

Group Export Status 

Not Covered  AR, CO DR CO, PA CO 
CO09, CO10, 

CO11, DR 
Note: AR-Argentina, CO-Colombia, DR-Dominican Republic, PA-Panama. 
Source: Adapted from Table 13 in Crespi et al. (2021). 

3.2. Defining Cooperation for Innovation 

From LAIS it is also possible to obtain information on cooperative activities with other economic agents 
(see Table 2 for more details).  

Table 2: Cooperation for Innovation 
With Firms With Research Institutions and Related 

 Headquarters  Consultants, laboratories, and private R&D organizations  

 Other firms of the group  Laboratories and R&D firms 

 Group  Public R&D organizations 

 Related firms  R&D organizations 

 Clients  Universities 

 Suppliers  Tertiary non-university institutions 

 Competitors  Universities and other tertiary institutions 

 Other firms  Technology intermediaries 

 Competitors and other firms  IP office 

 Consultants  Public institutions of support to STI 

 Business associations  Government 

 Consultants and business associations  Others 

3.3. Defining Innovation Obstacles  

Exception made to Panama/2009, LAIS permits the identification of the main barriers faced by all firms, 
innovation-active or not. We will group these obstacles in three categories trying to obtain the more detailed 
classification of barriers as possible as discussed in our literature review: (1) financial (e.g. P. Mohnen et 
al. 2008); (2) knowledge (e.g. De Fuentes et al. 2020); (3) market (e.g. Antonioli et al. 2017) (see Table 3 
for further details). These three obstacles selected are generally the three most reported by firms in 
developing countries (e.g. Canêdo-Pinheiro et al. 2018). 

For the sake of comparison with the previous literature, we define that a firm faces a certain type of 
obstacle if it considers this obstacle important or very important (e.g. Pellegrino and Savona 2017). For 
example, a firm is said to face knowledge obstacles if it considers important or high important barriers 
associated with qualified employees in the firm, qualified employees in the country, market information, 
cost of training, or technology information. The same logic holds for the remaining obstacles.  

 
1  In the following sections it will become clear that firms from Argentina and Panama must also be excluded for other reasons. 

Moreover, there are several other factors that might be leading to biased results due to omitted variables, but we restricted the 
sample to potential innovators, and this procedure reduces this bias, see Section 3.4 for further discussion on this issue. 
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Moreover, in Argentinean surveys innovation obstacles are measured only by a binary variable that 
captures whether a firm has experienced a particular innovation obstacle. Therefore, even without dropping 
observations from Argentina due to the absence of control variables (see section 3.1), the approach we use 
to define if a firm faces an innovation obstacle would imply not using data from this country.  

Table 3: Innovation Obstacles 
Financial Knowledge Market 

 Innovation uncertainty   Qualified employees in the firm  Sectoral technological dynamic 

 Internal financing   Qualified employees in the country  Dominated market 

 External financing   Market information  Market structure 

 Technical risk   Technology information  Demand uncertainty  

 Cost  Cooperation partners  Market size 

 Period of return  Cost of training  

 Expected return   

  
3.4. Relevant Sample 

From the innovation (and innovation barriers) perspective, it is feasible to sort firms into three groups: 

 Innovation-Active – includes firms that have implemented product or process innovation, and failed 
innovators, those that did not innovate but have tried to do so by investing in innovation activities. 

 Non-Innovative – firms that, because of obstacles to innovation, were not active in innovative 
activities. 

 Non-Innovation-Oriented – non-innovative firms that, despite not facing obstacles to innovation, did 
not engage in innovative activities. 

In practical terms, we follow Savignac (2008) and D’Este et al. (2012) by defining the  
non-innovation-oriented status as negative answers to all questions on obstacles and no expenditure on 
innovative activities in the relevant period. Moreover, as Savignac (2008), we call potentially innovative 
the group of innovation-active and non-innovative firms. In Figure 1 we show how we split our sample into 
different groups of firms.  

Figure 1: Sorting Firms According to Innovation (and Innovation Barriers) Status  

 
Note: In parenthesis, we present the number of sampled (firm-year) observations in each group. 

Firms with no interest in innovation tend to report that barriers to innovation are not relevant. This 
fact may generate a positive correlation between these barriers and the propensity to innovate (Savignac 
2008), and possibly with respect to cooperation with other partners and other innovation-related activities. 
Therefore, to correct this sample selection problem, we exclude the non-innovation-oriented firms from our 
sample, as in Savignac (2008) and Pellegrino and Savona (2017), for example.  

Furthermore, for Chile, Ecuador, and Uruguay, precisely the countries with the largest number of 
firms included in our sample, the non-innovative firms do not answer the questions about cooperation and 
obstacles. For this reason, we decide to focus on innovation-active firms (7,529 observations, see Figure 

All Firms
(8,814)

Innovation-Active

(7,539)

Innovators

(6,440)

Failed Innovators

(1,099)
Pottentially Innovative 

(8,544)

Innovation-Innactive

(1,275)

Non-Innovative
(1,005)

Non-Innovation Oriented

(270)
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1), which means we can address only what D’Este et al. (2012) define as revealed barriers, that is, 
hampering factors encountered in the production of innovations.  

3.5. Some Descriptive Statistics 

Table 4 describes the interplay between innovation barriers and cooperation in our dataset. We sort firms 
into eight groups, considering whether the company faces: no barrier; only financial barriers; only 
knowledge barriers; only market barriers; both financial and knowledge obstacles; both financial and 
market obstacles; both knowledge and market obstacles; all the three kinds of barriers simultaneously. 
Concerning cooperation, we also divided the firms into four groups: no cooperation; cooperating only with 
firms; cooperating only with research institutions and related; and with both firms and research institutions. 

     Only 11.3% of the firms reported not facing any innovation barrier. Most of the firms in our sample 
report facing more than one obstacle, and nearly half of them (49.6%) attest to facing all the three barriers 
considered in this investigation. Moreover, 73.6% (5.5%+10.8%+7.7%+49.6%) of the companies face 
financial obstacles, 72.1% (4.7%+10.8%+7.0%+49.6%) face knowledge obstacles and 67,8% 
(3.5%+7.0%+7.7%+49.6%) face market obstacles. In other words, there is an order of importance of the 
hurdles among these barriers: firms tend to perceive financial obstacles as the most reported, which is a 
standard pattern in the literature, especially in developing countries.  

     As for cooperation, just a small proportion of the firms (3.5%) cooperate only with research 
institutions. The remaining firms are nearly evenly divided into the remaining three categories: around one-
third of the firms either do not cooperate at all, or cooperate only with firms, or cooperate with both firms 
and research institutions. In the end, when they cooperate, firms in our sample tend to do it always with 
another firm. 

     When comparing now these four groups of cooperation with the barriers they face, some insights 
emerge. The first is that among those not facing any barrier, the percentage of firms with no cooperation is 
higher than those cooperating with firms, which is also higher than those cooperating with firms and 
research institutions. This is the first indication that firms not facing barriers do not tend to cooperate. The 
other is that regardless of how they are classified by cooperation, most of the firms report facing all three 
barriers. 

     When looking at the other side, firms facing knowledge and financial barriers tend to cooperate 
more, because the percentage of those cooperating (either with other firms or with firms and research 
institutions) is higher than those not cooperating at all. 

     Overall, these preliminary statistics show that there might be a correlation between cooperation and 
innovation hurdles, which should be investigated further under econometric scrutiny. 

     Before moving to the econometric analysis, it is important as well to evaluate how countries differ 
in terms of firms’ attributes in this sample. Table 5 shows some descriptive statistics by country. In terms 
of representation, Paraguay and El Salvador showed a lower number of firms (in hundreds) than the other 
four countries (which is within the range of 1,500 and 19,000). So, we can say that there isn’t a single 
country dominating the sample, although El Salvador and Paraguay have a lower number of observations 
because of the size of their economy. 

In the last column, we can see that firms in the sample are on average 26 years old and have 70 (e4.28) 
employees. A quarter of them belongs to a group, 14% are foreign owners, and 45% are exporters. In terms 
of cooperation, while nearly two-thirds cooperate with other firms, only one-third do with research 
institutions. As for the barriers, around 70% of them report one of them, but no substantial difference is 
found between distinct hurdles.  

     When looking at the disparities of these variables across countries, the vast majority do not show 
substantial differences. One of those that differ across countries is whether firms are exporters, while only 
28% of the firms in Ecuador and Paraguay are exporters, 73% of El Salvadorian firms are. Another is on 
cooperation, only 21% of the firms in Chile cooperate with other firms yet 87% of Ecuadorian and Peruvian 
firms do this type of cooperation. However, the final sample of our investigation seems to be very 
homogeneous in different aspects as this table shows. 
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Table 4: Cooperation × Innovation Barriers (Innovation-Active Firms) 
  Cooperation  

  No Cooperation Only with Firms 

Only With 
Research 

Institutions and 
Related  

With Both Total 

In
no

va
ti

on
 B

ar
ri

er
s 

No Barrier 
318 296 24 211 849 

(4.2%) (3.9%) (0.3%) (2.8%) (11.3%) 

Only Financial 
147 135 17 113 412 

(1.9%) (1.8%) (0.2%) (1.5%) (5.5%) 

Only Knowledge 
102 116 18 120 356 

(1.4%) (1.5%) (0.2%) (1.6%) (4.7%) 

Only Market 
82 93 5 83 263 

(1.1%) (1.2%) (0.1%) (1.1%) (3.5%) 
Financial and 
Knowledge 

268 261 28 256 813 
(3.6%) (3.5%) (0.4%) (3.4%) (10.8%) 

Financial and 
Market 

171 191 30 191 583 
(2.3%) (2.5%) (0.4%) (2.5%) (7.7%) 

Knowledge and 
Market 

130 169 21 206 526 
(1.7%) (2.2%) (0.3%) (2.7%) (7.0%) 

All 
1,204 1,136 124 1,273 3,737 

(16.0%) (15.1%) (1.6%) (16.9%) (49.6%) 

Total 
2,422 2,397 267 2,453 7,539 

(32.1%) (31.8%) (3.5%) (32.5%) (100%) 
Notes: In parenthesis the percentage relative to the total of innovation-active firms in the sample. 

Table 5: Descriptive Statistics – Mean and Standard Deviations 

 Chile Ecuador El Salvador Paraguay Peru Uruguay All Countries 

GROUP 
0.39 0.21 0.22 0.17 0.22 0.22 0.26 

(0.49) (0.41) (0.42) (0.38) (0.42) (0.42) (0.44) 

AGE 
28.52 23.88 28.24 25.84 22.13 33.15 26.76 

(24.04) (16.72) (15.54) (18.37) (17.28) (22.30) (20.51) 

FOREIGN 
0.15 0.11 0.18 0.08 0.14 0.19 0.14 

(0.35) (0.31) (0.39) (0.26) (0.35) (0.39) (0.35) 

SIZE 
4.58 4.00 4.59 3.92 4.40 4.12 4.28 

(1.51) (1.40) (1.30) (1.41) (1.60) (1.23) (1.46) 

EXPORT 
0.46 0.28 0.73 0.28 0.55 0.50 0.45 

(0.50) (0.45) (0.45) (0.45) (0.50) (0.50) (0.50) 

𝒞( ) 
0.21 0.87 0.49 0.66 0.87 0.70 0.64 

(0.41) (0.34) (0.50) (0.47) (0.34) (0.46) (0.48) 

𝒞( ) 
0.17 0.35 0.20 0.33 0.48 0.51 0.36 

(0.37) (0.48) (0.40) (0.47) (0.50) (0.50) (0.48) 

𝐵( ) 
0.84 0.69 0.35 0.62 0.73 0.77 0.74 

(0.37) (0.46) (0.48) (0.49) (0.45) (0.42) (0.44) 

𝐵( ) 
0.81 0.64 0.23 0.65 0.82 0.68 0.72 

(0.39) (0.48) (0.42) (0.48) (0.39) (0.47) (0.45) 

𝐵( ) 
0.72 0.58 0.27 0.61 0.73 0.76 0.68 

(0.45) (0.49) (0.45) (0.49) (0.44) (0.43) (0.47) 

Observations 
1,894 1,585 279 438 1,829 1,514 7,539 

[25.1%] [21.0%] [3.7%] [5.8%] [24.3%] [20.1%] [100%] 
Notes: For each variable, we report the mean and the standard deviation (in parenthesis). In brackets the percentage relative to 
the total of innovation-active firms in the sample. 
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4. Empirical Strategy 

4.1. The Model 

We are interested in the impacts of barriers to innovation on firms’ engagement in cooperation activities 
with different partners. So, we define 𝒞( )

∗  and 𝒞( )
∗  as the non-observable value firms attribute to 

cooperation with other firms and with research institutions, respectively (see Table 2 for details). Similarly, 
𝐵( )

∗ , 𝐵( )
∗ , 𝐵( )

∗  are latent variables referring to the three distinct innovation barriers defined in Table 3.  

    We model those variables as the system of equations described below: 

𝒞( )
∗ = 𝛼( ) + 𝛽( )𝑋 + 𝜙( ) 𝐵( ) + 𝜉( ) ,    𝒞( ) = 1[𝒞( )

∗ > 0] (1) 

𝒞( )
∗ = 𝛼( ) + 𝛽( )𝑋 + 𝜙( ) 𝐵( ) + 𝜉( ) ,    𝒞( ) = 1[𝒞( )

∗ > 0] (2) 

𝐵( )
∗ = 𝛼( ) + 𝛽( )𝑋 + 𝛾( )𝑍( ) + 𝜉( ) ,               𝐵( ) = 1[𝐵( )

∗ > 0] (3) 

𝐵( )
∗ = 𝛼( ) + 𝛽( )𝑋 + 𝛾( )𝑍( ) + 𝜉( ) ,               𝐵( ) = 1[𝐵( )

∗ > 0] (4) 

𝐵( )
∗ = 𝛼( ) + 𝛽( )𝑋 + 𝛾( )𝑍( ) + 𝜉( ) ,               𝐵( ) = 1[𝐵( )

∗ > 0] (5) 

where 𝑖 = 1, … , 𝐼 represents firms, 𝑐 = 1, … , 𝐶 denotes countries, 𝑠 = 1, … , 𝑆 indicates sectors, 𝑡 = 1, … , 𝑇 
denotes years, and 𝑗 indicates the type of obstacle to innovation: (1) financial; (2) knowledge; (3) market 
(see Table 3 for details). Moreover, 1[∙] is the indicator function, so 𝒞( ) and 𝒞( ) are observable binary 
variables respectively indicating cooperation with other firms and research institutions, 𝐵( ) represents 
observable binary variables that indicates if a firm has faced the jth obstacle to innovation. Additionally, 
𝜉( ), 𝜉( ), 𝜉( ), 𝜉( ), 𝜉( ) are random error terms and 𝑋, 𝑍( ), 𝑍( ), 𝑍( ) are exogenous covariates. All other 
variables are parameters to be estimated. 

              Furthermore,  𝛼( )  = 𝜃( )  +  𝛼( )  +  𝛼( )  + 𝛼( )   for 𝑘 = 𝐹, 𝑅, 1, 2, 3, that is, 

𝛼( )  includes a constant, as well as country, sector and year dummies.  

    We complete the model description normalizing variances of 𝜉( ), 𝜉( ), 𝜉( ), 𝜉( ), 𝜉( ) to one and 
assuming that: 
𝜉( )

𝜉( )

𝜉( )

𝜉( )

𝜉( )

 ~ 𝑁 

⎣
⎢
⎢
⎢
⎢
⎡

 

0( )

0( )

0( )

0( )

0( )

,

⎝

⎜
⎛

1 𝜌 𝜌 𝜌 𝜌
𝜌 1 𝜌 𝜌 𝜌
𝜌 𝜌 1 𝜌 𝜌
𝜌 𝜌 𝜌 1 𝜌
𝜌 𝜌 𝜌 𝜌 1 ⎠

⎟
⎞

⎦
⎥
⎥
⎥
⎥
⎤

 , (6) 

where 𝜌 ∈ [0,1] is the correlation between 𝜉( ) and 𝜉( ), for 𝑘, 𝑙 = 𝐹, 𝑅, 1, 2, 3. 

The off-diagonal non-zero correlation parameters in (6) are useful to deal with unobservable firm 
characteristics, particularly if they cause endogeneity by influencing both firm-specific cooperation 
behavior and the probability of facing innovation obstacles. In this sense, we can test exogeneity by testing 
the null hypothesis that all 𝜌′𝑠are jointly zero  (Monfardini and Radice 2008). 

    We also estimate simpler versions of the model, in which we replace all barriers variables –  
𝐵( ), 𝐵( ), 𝐵( ) – by a single binary variable 𝐵 that indicates if a firm faces any innovation obstacle at all, 
as well as models that 𝒞( )

∗  and 𝒞( )
∗  are replaced by 𝒞∗, a single binary variable that indicates if a firm 

cooperates with other firms or research institutions. 
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4.2. Estimation 

Parameters from equations (1) to (5), as well as the correlation parameters in (6), can be jointly and 
consistently estimated by Simulated Maximum Likelihood – SML (Cappellari and Jenkins 2003)2. In a 
similar context, some authors (Arranz et al. 2019; Wang 2021) use other estimators, but others (Chiburis et 
al. 2012; Denzer 2019) show evidence that SML, even when model premises are not completely fulfilled, 
clearly outperforms other estimators.  

The SML algorithm uses random draws from upper-truncated standard normal distributions, and the 
estimates may be quite sensitive to the number of draws. To deal with this issue, we set such a number at 
90, approximately equal to the square root of the sample size, as suggested in Cappellari and Jenkins (2003). 

4.3. Exclusion Restrictions and Identification 

Some aspects of the model deserve comments. First, for the sake of completeness and coherence (Álvarez 
et al. 2015; Lewbel 2007), we assume that the model is recursive. Particularly, we suppose that innovation 
barriers affect cooperation, but cooperation, after controlling for observable covariates, does not impact on 
innovation obstacles. That is, we include 𝐵( ), 𝐵( ), 𝐵( ) as explanatory variables in equations (1) and (2), 
but exclude 𝒞( )

∗  and 𝒞( )
∗  as covariates in equations (3) to (5). With this approach we avoid that, for certain 

values of the parameters, the model predicts both success and failure (or neither success nor failure) at the 
same time.  

Second, Wilde (2000) claims that we can rely only in the functional form to identify the parameters 
of the model described by equations (1) to (6). That is, under normality assumption, and once 𝐵( ), 𝐵( ), 𝐵( ) 
are dummy variables, we can omit 𝑍( ), 𝑍( ), 𝑍( ) from equations (3) to (5), that is assume that 𝛾( ) =

𝛾( ) = 𝛾( ) = 0, and nevertheless guarantee identification, as long as 𝑋 contains at least one varying 
exogenous regressor.  

However, Mourifié and Méango (2014) shows that identification by functional form, at least under 
the conditions described in Wilde (2000), can fail. Moreover, Han and Vytlacil (2017) points out that 
exclusion restrictions are sufficient to identify the parameters. Thus, although in theory it is possible to 
guarantee, under certain conditions, the identification without instrumental variables, in practice the use of 
valid instruments improves the performance of SML estimators, mostly when the data generating process 
departs from model assumptions (normality, for example) (Li et al. 2019).   

In a nutshell, it would be desirable to rely on extra instrumental variables, that is, to include 𝑍( ), 
𝑍( ), 𝑍( ) as covariates in equations (3) to (5), but exclude them from equations (1) and (2). Ideally, 𝑍( ), 
𝑍( ), 𝑍( ) must be variables that explain the prevalence of barriers to innovation, but not the choice to 
cooperate.  

Despite several authors recognize the importance of using instrumental variables to deal with 
endogeneity problems when the interplay between innovation barriers and innovation-related activities is 
present, most of them (D’Este, Iammarino, Savona, von Tunzelmann, et al. 2012; Iammarino et al. 2009; 
Pierre Mohnen and Röller 2005) do not implement this approach due to the lack of appropriate instruments.3 
Nonetheless, other authors (ECLAC 2011; López 2008; Veugelers 2016) use sectoral averages of the 
potential endogenous variables as instruments. We adopt a similar approach, but unfortunately the 
instrumental variables we use do not prove to be valid. So, we choose to rely only on functional form as an 
identification strategy.  

4.4. Comparison with the Related Literature 

Worth mentioning that our model encompasses most of the approaches used in the related literature. Some 
authors (e.g. Galia and Legros 2004) are only interested in the determinants of innovation obstacles and 
estimated models restricted to equations (3) to (5), as well as the correspondent correlation parameters. 

 
2  We perform all the estimations with the STATA module mvprobit (Cappellari and Jenkins 2003). 
3  It is more common (Álvarez et al. 2015; Savignac 2008) to use instruments to deal with endogeneity of financial obstacles, 

probably because it is easier to find valid instruments in this case. 
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Furthermore, some authors follow the same approach of Galia and Legros (2004) but assume null 
correlation parameters (De Fuentes et al. 2020; Odei et al. 2018; Pertuz and Miranda 2021). 

Although interested in the interplay between cooperation and innovation barriers, Antonioli et al. 
(2017), Kanama and Nishikawa (2017) and Moraes Silva et al. (2020) omit equations (3) to (5).4 That is, 
they provide no treatment to the potential endogeneity of innovation obstacles.5 For this reason, such results 
should be viewed with caution, given that evidence indicates that ignoring endogeneity in a Multivariate 
Probit setting causes severe bias in the presence of even moderate endogeneity (Arendt and Holm 2006). 
Some important differences between results with and without control for endogeneity in  
Savignac (2008) and Silva and Carreira (2012), in the context of the interplay between financial constraints 
and innovation, reinforce these worries. 

Finally, several authors interested in the interplay between innovation barriers and other innovation 
related activities (Blanchard et al. 2013; D’Este, Iammarino, Savona, von Tunzelmann, et al. 2012; 
Iammarino et al. 2009; Maietta 2015; Tello 2021) considered a recursive system of equations, but neglected 
the exclusion restrictions, that is, set all 𝛾( )′𝑠 as zero.  

5. Results 

5.1. Some Preliminary Results 

Table 6 presents the results of some simpler versions of the model described by equations (1) to (6). 
Particularly, we ignore potential endogeneity of innovation obstacles by skipping equations (3) to (5). We 
also estimated models in which the impact of facing any innovation obstacle at all (B) was considered, in 
contrast with considering all the three categories, denoted by 𝐵( ), 𝐵( ) and 𝐵( ), respectively financial, 
knowledge and market obstacles.  

     In Model (A) and Model (B), we consider the impact of innovation barriers in the probability of 
cooperation at all (𝒞): in other words, whether a firm has cooperated at either with another firm or with a 
research institution. In Models (C) to (F), we separately consider the two possibilities of cooperation: 
cooperation with other firms, named as 𝒞( ); cooperation with research institutions, 𝒞( ). The main 
difference between Models (C) and (D) to Models (E) and (F) is the use of Independent Probits (in the 
former) and the use of Bivariate Probits (in the latter). Model (D) mimics the specification used in Antonioli 
et al. (2017), Kanama and Nishikawa (2017) and Moraes Silva et al. (2000). 

     Outcomes suggest that, after controlling for some factors, innovation barriers are positively 
correlated to cooperation. Looking at the differences between the models, we observe very limited change 
and most of them are within the standard deviation of the estimated parameters. However, it looks like that 
while financial and market barrier show higher effects on cooperation with other firms, the knowledge 
barrier seems more relevant to promote cooperation with research institutions. These outcomes seem 
plausible and intuitive. On one hand, firms facing financial and market barriers might be searching for other 
firms to overcome their hurdles with financial institutions as well as other market obstacles to innovate. On 
the other hand, firms facing knowledge barriers tend to remove their obstacles with research institutions 
since they have the updated knowledge for innovation. In the end, when comparing Model (C) with Model 
(E) and Model (D) with Model (F), we conclude that including correlation between cooperation equations 
makes no substantial difference to the results. 

 
4  Moreover, Antonioli et al. (2017) assumes no correlation between 𝜉( ) and 𝜉( ). That is, 𝜌 = 0 and equations (1) and (2) 

were estimated separately as completely independent Probits. In turn, only equation (2) is included in Kanama and Nishikawa 
(2017) and Moraes Silva et al. (2020), given that their interest is exclusively in cooperation between firms and universities. 

5  The same occurs in Pellegrino and Savona (2017), but in the context of the interplay between innovation barriers and propensity 
to innovate. 
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Table 6: Probits and Bivariate Probits (Models with Only Cooperation Equations) 
 (A) (B) (C) (D) (E) (F) 
 𝒞 𝒞 𝒞( ) 𝒞( ) 𝒞( ) 𝒞( ) 𝒞( ) 𝒞( ) 𝒞( ) 𝒞( ) 

𝐵 
0.456*** 

- 
0.399*** 0.377*** 

- - 
0.393*** 0.381*** 

- - 
(0.0631) (0.0624) (0.0585) (0.0623) (0.0585) 

𝐵( ) - 
0.217*** 

- - 
0.196*** 0.127*** 

- - 
0.187*** 0.125*** 

(0.0470) (0.0451) (0.0405) (0.0446) (0.0404) 

𝐵( ) - 
0.198*** 

- - 
0.164*** 0.194*** 

- - 
0.163*** 0.195*** 

(0.0459) (0.0443) (0.0407) (0.0440) (0.0404) 

𝐵( ) - 
0.143*** 

- - 
0.174*** 0.112*** 

- - 
0.183*** 0.109*** 

(0.0436) (0.0422) (0.0381) (0.0420) (0.0379) 

GROUP 
0.406*** 0.423*** 0.387*** 0.220*** 0.402*** 0.230*** 0.373*** 0.221*** 0.390*** 0.230*** 

(0.0493) (0.0494) (0.0479) (0.0405) (0.0482) (0.0405) (0.0474) (0.0407) (0.0476) (0.0408) 

AGE 
0.000 0.000 0.001 0.002*** 0.001 0.002*** 0.001 0.002** 0.001 0.002*** 

(0.0010) (0.0010) (0.0010) (0.0008) (0.0010) (0.0009) (0.0009) (0.0009) (0.0010) (0.0009) 

FOREIGN 
0.010 0.027 0.051 -0.079 0.069 -0.063 0.063 -0.080 0.082 -0.064 

(0.0609) (0.0614) (0.0578) (0.0497) (0.0582) (0.0498) (0.0567) (0.0499) (0.0572) (0.0499) 

SIZE 
0.120*** 0.127*** 0.110*** 0.153*** 0.116*** 0.157*** 0.111*** 0.152*** 0.118*** 0.157*** 

(0.0165) (0.0167) (0.0160) (0.0141) (0.0162) (0.0141) (0.0159) (0.0141) (0.0160) (0.0142) 

EXPORT 
0.138*** 0.142*** 0.108** 0.171*** 0.114*** 0.174*** 0.108** 0.171*** 0.115*** 0.174*** 

(0.0440) (0.0441) (0.0425) (0.0379) (0.0426) (0.0380) (0.0424) (0.0378) (0.0425) (0.0379) 
Model Probit Probit Independent Probits Independent Probits Bivariate Probit Bivariate Probit 

𝜌  - - - - 
0.581*** 0.577*** 
(0.0183) (0.0185) 

Observations 7,539 7,539 7,539 7,539 7,539 7,539 
Notes: All parameters were estimated by SML with 90 random draws. All models also include constants, country fixed effects, sector fixed effects, and year fixed effects (omitted for 
convenience). Robust standard errors in parenthesis, p-values in brackets. Symbols *, **, and *** indicate statistical significance at 10%, 5%, and 1%, respectively.  
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5.2. Main Results 

Table 7 presents the outcomes with the identification by functional form. All barriers tend to induce more 
cooperation with other firms, but, differently from models in Table 6, only knowledge obstacle seems to 
promote more cooperation with research institutions, confirming results for Brazilian firms (Canêdo-
Pinheiro et al., 2018 and Moraes et al., 2020). Outcomes are very similar to the previous table, but it became 
even more intuitive: only knowledge barriers are positively associated with more cooperation with research 
institutions. Moreover, Table 8 shows that a positive correlation between both types of cooperation exists, 
confirming preliminary evidence from Table 4, but none between cooperation and barriers. Outcomes also 
suggest a positive correlation between the three barriers investigated. 

Table 7: Recursive Multivariate Probit (Identification by Functional Form) 
 𝒞( ) 𝒞( ) 𝐵( ) 𝐵( )  𝐵( ) 

𝐵( ) 
0.248** 0.197 

- - - 
(0.1137) (0.1200) 

𝐵( ) 
0.361*** 0.304** 

- - - 
(0.1338) (0.1541) 

𝐵( ) 
0.371*** 0.145 

- - - 
(0.1435) (0.1666) 

GROUP 
0.402*** 0.239*** -0.156*** -0.062 -0.137*** 

(0.0476) (0.0423) (0.0407) (0.0407) (0.0394) 

AGE 
0.001 0.002** 0.000 -0.002** 0.001 

(0.0010) (0.0009) (0.0008) (0.0008) (0.0008) 

FOREIGN 
0.106* -0.045 -0.158*** -0.187*** -0.156*** 

(0.0580) (0.0534) (0.0489) (0.0480) (0.0474) 

SIZE 
0.125*** 0.160*** -0.082*** -0.053*** -0.051*** 

(0.0163) (0.0150) (0.0141) (0.0141) (0.0137) 

EXPORT 
0.118*** 0.174*** -0.015 -0.004 -0.068* 

(0.0423) (0.0381) (0.0388) (0.0386) (0.0373) 
Excluded Instruments NO 

𝐻 : all 𝜌′𝑠 = 0 
2,418.20 
[0.000] 

Observations 7,539 
Notes: For simplicity, all parameters are estimated by SML with 15 random draws. The model also includes constants, country 
fixed effects, sector fixed effects, and year fixed effects (omitted for convenience). Correlation parameters are shown in Table 
8. Robust standard errors in parenthesis, p-values in brackets. Symbols *, **, and *** indicate statistical significance at 10%, 
5%, and 1% respectively.  

Table 8: Estimated Correlation Parameters (Model from Table 7) 
     𝒞( ) 𝒞( ) 𝐵( ) 𝐵( )  𝐵( ) 

𝒞( ) 1 
0.533*** -0.111 -0.165 0.089 

(0.0210) (0,0804) (0.0889) (0.0921) 

𝒞( ) 
 

       1    
-0.073 -0.089 -0.058 

 (0.0875) (0.1120) (0.1160) 

𝐵( ) 
  

      1 
0.513*** 0.509*** 

  (0.0170) (0.0166) 

𝐵( ) 
   

        1 
0.511*** 

   (0.0163) 

𝐵( ) 
           1 
    

Notes: For simplicity, all parameters are estimated by SML with 15 random draws. Robust standard errors in parenthesis. 
Symbols *, **, and *** indicate statistical significance at 10%, 5%, and 1% respectively. 

5.3. Extensions and Robustness Checks 

5.3.1. Innovators × Failed Innovators 

Table 9 and Table 10 present results for our benchmark specification (see Table 7) estimated respectively 
for innovator and failed innovator subsamples (see Figure 1 for details). Results for innovators are in line 
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with the results for the full sample. However, there is no statistically significant impact of innovation 
barriers on cooperation for failed innovators This suggests that barriers faced by failed innovators might 
not be enough to induce them to cooperate with any other economic agent.  

Table 9:  Recursive Multivariate Probit (Identification by Functional Form) – Innovators 
 𝒞( ) 𝒞( ) 𝐵( ) 𝐵( )  𝐵( ) 

𝐵( ) 
0.252** 0.146 

- - - 
(0.1242) (0.1253) 

𝐵( ) 
0.350** 0.481*** 

- - - 
(0.1373) (0.1216) 

𝐵( ) 
0.379*** 0.209 

- - - 
(0.1403) (0.1591) 

GROUP 
0.388*** 0.246*** -0.131*** -0.068 -0.129*** 

(0.0520) (0.0444) (0.0442) (0.0443) (0.0427) 

AGE 
0.001 0.003*** 0.000 -0.002** 0.001 

(0.0010) (0.0009) (0.0009) (0.0009) (0.0009) 

FOREIGN 
0.087 -0.073 -0.107** -0.169*** -0.147*** 

(0.0631) (0.0556) (0.0530) (0.0523) (0.0510) 

SIZE 
0.137*** 0.159*** -0.098*** -0.055*** -0.063*** 

(0.0181) (0.0162) (0.0156) (0.0154) (0.0150) 

EXPORT 
0.098** 0.194*** 0.003 0.008 -0.051 

(0.0464) (0.0408) (0.0427) (0.0421) (0.0407) 
Excluded Instruments NO 

𝐻 : all 𝜌′𝑠 = 0 
1,929.20 
[0.000] 

Observations 6,440 
Notes: For simplicity, all parameters are estimated by SML with 15 random draws. The model also includes constants, country 
fixed effects, sector fixed effects, and year fixed effects (omitted for convenience). Robust standard errors in parenthesis, p-
values in brackets. Symbols *, **, and *** indicate statistical significance at 10%, 5%, and 1% respectively.  

Table 10: Recursive Multivariate Probit (Identification by Functional Form) – Failed Innovators 
 𝒞( ) 𝒞( ) 𝐵( ) 𝐵( )  𝐵( ) 

𝐵( ) 
-0.200 -0.254 

- - - 
(0.4091) (0.5523) 

𝐵( ) 
0.076 0.162 

- - - 
(0.2758) (0.4783) 

𝐵( ) 
-0.183 -0.428 

- - - 
(0.5963) (0.4323) 

GROUP 
0.403*** 0.063 -0.296*** -0.071 -0.193* 

(0.1545) (0.1346) (0.1049) (0.1073) (0.1055) 

AGE 
0.000 -0.001 0.000 -0.001 0.004* 

(0.0026) (0.0028) (0.0022) (0.0022) (0.0023) 

FOREIGN 
0.078 0.147 -0.439*** -0.262** -0.199 

(0.1708) (0.1769) (0.1314) (0.1273) (0.1298) 

SIZE 
0.038 0.177*** -0.038 -0.031 0.013 

(0.0377) (0.0407) (0.0342) (0.0362) (0.0345) 

EXPORT 
0.101 -0.100 -0.097 -0.108 -0.198** 

(0.1169) (0.1095) (0.0959) (0.0991) (0.0946) 
Excluded Instruments NO 

𝐻 : all 𝜌′𝑠 = 0 
458.30 
[0.000] 

Observations 1,099 
Notes: For simplicity, all parameters are estimated by SML with 15 random draws. The model also includes constants, country 
fixed effects, sector fixed effects, and year fixed effects (omitted for convenience). Robust standard errors in parenthesis, p-
values in brackets. Symbols *, **, and *** indicate statistical significance at 10%, 5%, and 1% respectively.  
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5.3.2. Small Firms × Large Firms 

Table 11 presents the outcomes of our benchmark specification, with the addition of interaction terms 
between each barrier and SIZE. There is no direct statistically significant interplay between SIZE and the 
impact of obstacles in cooperation. The only impact is indirect, since smaller firms tend to face higher 
innovation barriers (as in other specifications). 
Table 11: Recursive Multivariate Probit (Identification by Functional Form) – Interaction with Size 

 𝒞( ) 𝒞( ) 𝐵( ) 𝐵( )  𝐵( ) 

𝐵( ) 
0.215 0.089 

- - - 
(0.1818) (0.1578) 

𝐵( ) 
0.479*** 0.303 

- - - 
(0.1588) (0.2014) 

𝐵( ) 
0.497** 0.262 

- - - 
(0.1978) (0.1912) 

𝐵( ) × SIZE 0.009 0.024 
- - - 

(0.0316) (0.0274) 

𝐵( ) × SIZE -0.026 0.000 
- - - 

(0.0307) (0.0305) 

𝐵( ) × SIZE -0.028 -0.026 
- - - 

(0.0287) (0.0272) 

GROUP 
0.402*** 0.239*** -0.156*** -0.062* -0.137*** 

(0.0446) (0.0506) (0.0424) (0.0347) (0.0370) 

AGE 
0.001 0.002*** 0.000 -0.002** 0.001* 

(0.0010) (0.0008) (0.0008) (0.0007) (0.0008) 

FOREIGN 
0.102* -0.046 -0.158*** -0.187*** -0.156*** 

(0.0565) (0.0599) (0.0525) (0.0426) (0.0516) 

SIZE 
0.154*** 0.159*** -0.082*** -0.053*** -0.051*** 

(0.0311) (0.0316) (0.0152) (0.0160) (0.0170) 

EXPORT 
0.121** 0.174*** -0.016 -0.004 -0.068* 

(0.0520) (0.0415) (0.0356) (0.0414) (0.0399) 
Excluded Instruments NO 

𝐻 : all 𝜌′𝑠 = 0 
2,417.20 
[0.000] 

Observations 7,539 
Notes: For simplicity, all parameters are estimated by SML with 15 random draws. The model also includes constants, country 
fixed effects, sector fixed effects, and year fixed effects (omitted for convenience). Robust standard errors in parenthesis, p-
values in brackets. Symbols *, **, and *** indicate statistical significance at 10%, 5%, and 1% respectively.  

6. Concluding Remarks 

The interplay between innovation barriers and cooperation is still an under explored research topic in 
developing countries. In this paper, firm level data from six different Latin American countries were used 
to examine this issue and to shed some lights on how innovation barriers might promote (or hamper) more 
cooperation. 

     Our findings suggest that cooperation is a coping strategy for innovation obstacles, which means 
that firms facing obstacles tend cooperate more. Particularly, financial, knowledge and market obstacles 
induce firms to cooperate with other companies, yet only knowledge barriers impact cooperation with 
research institutions. Similar results were found for Brazilian firms (Canêdo-Pinheiro et al., 2018 and 
Moraes et al., 2020), which may suggest it is a pattern common to developing countries or, at least, to Latin 
America countries. From a public policy perspective, it means that, when compared with public funding to 
private innovation, promoting and facilitating cooperation between firms and public research institutions 
may be a cheaper way to reduce knowledge innovation barriers. This is particularly relevant on developing 
countries context, where public funds are relatively scarcer and more expensive when compared to 
developed countries. 

     Moreover, our results suggest that barriers promote cooperation only for innovators. This means 
that strategies to promote more cooperation between failed innovators and other economic agents might not 
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work if they focus on tackling their economic obstacles in a developing country context. At this point we 
do not know if cooperation is irrelevant as a coping strategy for failed innovators or if those companies do 
not have enough capabilities and skills to engage in such cooperation efforts. So, more specific lessons in 
terms of public policy may rely on more detailed information about this issue. This is out of the scope of 
this paper, but these details would probably require qualitative data from firms, as in Pereira Cabral et al. 
(2020). 

     There is also no direct interplay between firm size and the impact of obstacles in cooperation. The 
only impact is indirect, since smaller firms tend to face higher innovation barriers. Finally, once we cannot 
find valid instruments to improve our identification strategy, the results are better interpreted from a 
correlation rather than causality perspective, such as the previous literature on the interplay between 
cooperation and innovation barriers.  
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