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Abstract

This study examines the impact of public grants on firms’ innovation expenditures using a large
sample of Latin American firms. The methodology is based on the non-parametric matching procedure.
The results indicate that public incentives have a positive and statistically significant effect on firms’
innovation spending. However, public grants do not boost additional net innovation spending. This may
reflect the general structural weakness in Latin America's technological system, where complex
relationships involving complementarities and synergies, typically found in the technological field, are
not entirely fulfilled. Moreover, companies that utilize government funds tend to finance innovation by
using their own financial resources more than non-granted companies. Although the data do not allow
for identifying potential substitution effects, the analysis suggests that, without the grants, these firms
would have been possibly less committed to innovation. This finding supports the idea of partial positive
effects of public support on firms’ innovative activities.

Keywords: public support, R&D policy, innovation expenditure, applied econometrics, firm behaviour,
structural weakness Latin America.

JEL Classification: O31; O38; L21; O54; C14.

Introduction

The idea that innovation and research can favour economic growth has been a primary
concern in economic literature and policy arguments in recent decades. Several scholars have
provided empirical and theoretical evidence that R&D and innovation efforts are crucial for
firms’ competitiveness and long-term economic prosperity. At the same time, firms'
technological advances spill over to the rest of the system, facilitating the creation of further
knowledge. For instance, the recognition of technology as a pivotal element for efficiency and
production has strongly characterized the EU policy and objectives since the beginning of the
1990s through the Structural Funds and the Lisbon Strategy.
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The understanding of the role of innovation and R&D in shaping competitiveness
becomes particularly relevant in times of global competition and challenging economic
recovery, such as after the 2008 crisis. R&D can generate positive outcomes for firms,
providing technological capabilities that enhance their engagement in international markets. It
may provide technological competitive skills that favour commitment to international business
(Harris & Li, 2009; Aw et al., 2011). Available evidence suggests that a considerable share of
productivity gain depends on R&D (Coccia, 2009).

From this perspective, government financial support schemes may offer a crucial tool to
incentivize the commitment to uncertain technological programs, particularly in the light of the
existence of financial restraints in technology production areas. It is widely recognized that
market imperfections hinder firms’ ability to obtain resources from financial institutions,
resulting in underinvestment in technology and, consequently, adverse effects on economic
growth. The rationale underlying public policy is to mitigate market failures resulting from
asymmetric information, moral hazard, and imperfect appropriability, which typically
characterise the entire process of technology creation. This is particularly the case for most
developing countries, where financial systems are typically not equipped to support companies
in their financial needs fully (Quartey et al., 2017). The shortage of technological knowledge
necessary to evaluate the goodness of firms strongly limits the financial flows to research
projects. In most cases, companies' own endowments and savings represent the only viable
solution.

Although the acknowledged importance of innovation in economic systems, relatively
limited empirical studies are available regarding the relationship between research activities
and government instruments in Latin American countries. This study contributes to the
empirical evidence on the effects of public financing on technology investment by analysing a
large set of firms operating in seven South American countries: Colombia, Argentina, Ecuador,
Paraguay, Uruguay, Peru, Chile, and Panama.

The Latin American context assumes a special significance and serves as a litmus test
for examining the relationship between grant-technology spending. National and private
spending on R&D is remarkably modest, and, although there is consistent regional
heterogeneity, countries generally exhibit low productivity and an unsound technology
advance (Zuniga & Crespi, 2013; Grazzi & Pietrobelli, 2016). Indeed, technology dynamics are
crucial to avoid the “middle-income technology trap” (Andreoni & Tregenna, 2020). A crucial
challenge for Latin American economies is to activate domestic innovation activities
progressively, and the commitment of public support may be determinant.

From the methodological point of view, this analysis employs a non-parametric matching
procedure. The primary objective of this method is to investigate whether subsidised
companies would have allocated the same volume of resources on innovation spending had
they not received the subsidy. This is achieved by comparing the outcomes of firms selected
for the R&D government financial schemes with the outcomes of those that were not
participants, but which are considered "twin" according to certain appropriate characteristics
(covariates). The propensity score methodology is then used to compute the likelihood of
obtaining the grant and to identify the best twin observations for any individual beneficiary
company. According to the propensity score estimation, beneficiary firms are then matched
with their non-beneficiary counterparts. The eventual R&D average amount difference in the
two groups can be attributed to the public financial support.
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The analysis suggests that the potential of public subsidies is not entirely exploited and
that they only exert a partial beneficial effect on innovation spending. Given the pivotal role
technology plays in economic efficiency and performance, this raises special concerns in the
Latin American context. Here, the whole technological structure appears to be rather fragile,
and the manifold relationships, encompassing complementarities and synergies commonly
involved in this field, are far from being fully realized. While government financial assistance is
generally a substantial and effective tool in encouraging companies to engage in risky research
projects, it might not be sufficient alone, without a proper technological environment and proper
private and market return perspectives.

Interestingly, firms that use government financial assistance attain a higher total amount
of innovation disbursement by utilizing their own financial assets, compared to non-subsidised
ones. Although the analysis does not allow for identifying eventual substitution effects, it is
likely to indicate that, had these firms not received the grant, they would have invested less in
innovation activities. Hence, although partial, beneficial outcomes of public support on
research activity emerge from this sample of Latin American firms.

The results of this study also provide some relevant policy insights and may draw
guidance in designing and shaping future technological trajectories. Moreover, the economic
development of less technologically advanced countries inevitably depends on strengthening
capabilities and enhancing human skills.

The work is framed in five sections. Section 1 provides a brief overview of the existing
literature. Section 2 illustrates the Latin American context. Section 3 describes the data and
the variables used. Section 4 presents the estimation framework. Section 5 outlines the
matching procedure. Section 6 contains the results followed by some concluding remarks.

1. Research Background

The commitment of public policy to enhancing innovative performance has attracted the
attention of various scholars within the literature on research and development, as well as
innovation management (Huergo et al., 2016; Carvalho, 2017; Szczygielski et al., 2017). The
adoption of government financial support to incentivize private innovation projects has become
a common practice in many countries, whether they are developed or developing (Wei & Liu,
2015), and a considerable amount of public revenue is devoted to assisting private companies
in their innovative plans. A key concept underlying this practice is that the production of
technology does not occur in isolation; it encompasses several aspects, including the
institutional context, to be fully accomplished (Caraca et al., 2009).

In broad terms, public financial assistance is intended to incentivize firms to commit to
innovation by reducing marginal costs and the hazard commonly associated with technological
projects. Especially in this field, financial restraints deriving from capital market imperfections
and asymmetric information (Hyytinen & Toivanen, 2005; Czarnitzki, 2006) are among the
causes of under-investment, and scholars and policy makers largely acknowledge the
appropriateness of granting private technological actions. There might emerge divergencies
between private and social returns on investment in innovation. Incomplete appropriability of
research output and externalities, which arise from the public good aspect of research, are
strongly responsible for this situation (Nelson, 1959; Arrow, 1962).
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Financially constrained firms are likely to abandon potentially profitable technological
designs also due to moral hazard issues, which raise the overall cost of borrowing and make
marginal projects less appealing (Hall, 2002). Strong technical asymmetric information issues
between lenders and borrowers hamper the likelihood of receiving loans from the financial
system. The hazards of technological ventures and their implicit microeconomic characteristics
compel organizations to fund innovation expenditures with internal financing (Mairesse et al.
1999). This is particularly the case for small research-oriented companies, which are, in fact,
the most financially vulnerable (Hall, 2002). All this makes investment in technology projects
riskier than in more traditional assets. Hence, one robust argument at the base of public
intervention is concerned with the exigence to overcome market failures.

Numerous empirical studies have drawn attention to the role that public financing plays
in supporting the innovation process (Torregrosa-Hetland et al., 2019). Evidence that public
assistance supports companies in industries that heavily depend on outdoor credits is found
in Hyytinen & Toivanen (2005). Obtaining an award for public financing also provides a good
indication of the quality of the companies; this, in turn, is an effective leverage to obtain further
financing and mitigate the detrimental effects of the financial system failures. According to
Meuleman & De Maeseneire (2012), who investigated Belgian companies, access to the
government research schemes resulted in easier access to long-duration debt. Employing a
sample of firms in Spain, Huergo et al. (2016) suggested that obtaining government funding
may encourage firms to engage in technological activity through external credit.

According to Funk (2002), basic research is a source of sound global spillovers, providing
a strong justification for governments' technological policies. Investigating the outcomes of
government grants on corporate R&D expenditures in China, Dai & Cheng (2015) found that
beneficial indirect effects are expected to spill over to other companies in the system. Carboni
(2013) provided evidence that government financial assistance has a positive impact on
companies' outdoor research collaboration strategies. Cin et al. (2017) provided strong
evidence that public subsidies have a positive impact on both R&D spending and the value-
added productivity of Korean manufacturing SMEs. This mostly suggests that the policy has
been effective in driving technological progress and supporting economic growth (Criscuolo et
al., 2022).

Innovation expenditure rises only if financial aid encourages companies to commit to
technological projects that would result unrentable without public assistance (Tokila et al.,
2008; Zuniga-Vicente et al., 2014). This latter is likely to exert a favourable influence on the
budgetary assets at hand of the firms, which may improve, producing a beneficial response to
investment. If not, government aid only stimulates internal displacement of assets, substituting
own with public financing. Minor or inexistent effects on firms' innovation investment are then
expected. This is likely to be particularly true for large organizations that would have committed
to technological projects also without receiving public support. According to Wallesten (2000),
if investment in research displays short-term diminishing returns and the company has already
reached the desired amount of R&D using internal financial assets, grants are likely to prompt
the company to reduce internal resources by the entire amount of the aid received. The final
bulk of R&D spending will not vary.

In fact, government financial support may adversely impact the research and innovation
endeavour of firms, particularly in the presence of rent seekers. Receiving grant assistance
may decrease or entirely eliminate their private spending in technological activities, thereby
increasing their dependence on the public sector. Additionally, government support can have
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a detrimental effect on the innovative performance of companies, as they may divert public
funds to non-technology-related expenditures (Catozzella & Vivarelli, 2016). This is particularly
the case when it not possible to detect the financial preferences that companies have, public
programs may attract and grant organizations that already attained their proper amount of
innovation spending but search for additional economical resources to be diverted to other
forms of investment giving rise to partial or complete crowding out effect (David et al, 2000;
Klette et al, 2000; Chudnovsky et al. (2006).

Employing data on Viethamese SMEs, Doan et al. (2021) found that public financial
grants, used alone or in conjunction with technical assistance, are neither able to support firms
in improving efficiency nor to reduce the cost of SMEs' innovation activities. There is still no
clear agreement on which public policy instruments are most effective in fostering
technological activities. Examining R&D policies across 45 countries, Carvalho (2017)
observed that governments often fall short in providing adequate support, frequently making
promises of innovation outcomes that exceed their actual capacity to deliver.

Similarly, the literature remains divided on the role and effectiveness of R&D investment
in enhancing competitiveness (Carvalho, 2017), particularly in contexts of fiscal austerity
(Cano-Kollmann et al., 2017) or during periods of crisis (Antonioli & Montresor, 2019). In these
situations, policymakers face the challenge of identifying the most efficient allocation of scarce
resources to sustain a virtuous cycle of innovation that boosts firms' innovative performance
(Greco et al.,, 2017), while also shaping an institutional environment supportive of R&D
investment (Montmartin & Massard, 2015; Criscuolo et al., 2022). Moreover, although public
assistance is widely acknowledged as a key driver of innovation, the existing literature has yet
to establish a direct and consistent link between state intervention and firms’ strategic
innovation decisions (Santos, 2019).

2. The Latin American Context

The debate about the most appropriate strategy to stimulate private spending in
innovation has generated a substantial theoretical and empirical literature on the justification
for public financial support and its efficacy. However, many of the empirical studies have
focused on advanced countries, while relatively little evidence is available for Latin American
countries. One key justification for this analysis is the significant dependence of research and
development projects on government financial support, as well as the technological activities
of private firms (De Negri et al., 2018).

Starting from the early 1990s, many LACs have viewed the implementation of substantial
government support schemes to improve firms' technology growth and competitiveness. The
rationale was that these countries failed to modernize and enhance their innovative activities
and efficiency because the market did not provide the appropriate incentives. R&D intensity in
the region lags behind the levels achieved in the United States, the European Union, and China
(OECD, 2018).

The question of why LAC economies, and particularly LAC firms, underinvest in R&D
has been extensively examined in the literature. Recent studies reject the view that low returns
to such investments drive low levels of R&D expenditure and limited private sector participation
in innovation. On the contrary, empirical evidence shows that rates of return to R&D are higher
in developing economies - especially in LAC and Asia - than in advanced countries (Benavente
et al., 2006). Since these returns surpass those of physical capital, LAC economies should
invest at least twice as much as they currently do.
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The relatively low level of private innovation spending therefore appears to be linked to
other factors, including short planning horizons induced by macroeconomic volatility, financial
constraints, weak intellectual property rights, poor quality of research institutions, limited
government support, and a rentier mentality shaped by the long-standing reliance on natural
resource exploitation (Lederman & Maloney, 2003; De Ferranti et al., 2003). Moreover, a
notable feature of LACs' economies is the small number of firms committed to research
projects and the content of innovation actions, which are mainly oriented toward the acquisition
of hardware machinery rather than focusing on research plans (Crespi et al. 2014).

Given such a scenario, many LACs began to establish diverse forms of state support
and foster the relationship between companies and the National System of Innovation.
Research and technology attained priority importance in the agenda of multilateral
organisations such as the Inter-American Development Bank (IDB) and the World Bank.
Technology programmes were typically shaped on a demand-driven basis, relying on
participating firms' own project proposals and implementation (Hall & Maffioli, 2008).
Government schemes were initiated in Chile, and subsequently, other countries followed,
including Argentina, Colombia, Mexico, Panama, Peru, Paraguay, and Uruguay (Benavente et
al., 2007). Particularly, given the strategic importance of technology for economic
advancement in the region, the IDB was particularly concerned with the potential effects of the
base research funding, generally managed through universities, and research funds
supporting firms’ technological projects.

Employing data from Argentina, Chile, Colombia, Costa Rica, Panama, and Uruguay,
Crespi & Zuniga (2012) found evidence of substantial heterogeneity among countries in terms
of the effects of innovation on the productive system, primarily due to differences in the
regulatory contexts. Chudnovsky et al. (2006) and Raffo et al. (2008) found beneficial effects
of innovation and productivity in LACs. A similar conclusion is reached by De Negri et al. (2007)
in their econometric analysis of Brazilian companies. Beneficial outcomes from R&D intensity
to productivity in Brazil are also documented in Cavalcante et al. (2015).

Applying a difference-in-differences procedure on a sample of Chilean manufacturing
companies, Benavente (2004) detects valuable effects of the FONTEC innovation program on
research spending. Sanguinetti (2005) reached a similar conclusion by analysing the
Argentinean FONTAR (Fondo Tecnolégico Argentino) program, which showed positive effects
on firms’ research spending but no significant impact on total innovation expenditures.
Investigating the FONTEC program in Chile, Benavente et al. (2007) supply evidence of partial
crowding-out, meaning that the recipient firms increased their total R&D spending, but not only
did it not boost additional private investment in technology commitment, but average firm
expenditure on innovation increased less than the full amount of the average grant.

3. Data and Variable Description

The data used in this work come from the Harmonized Latin American Innovation
Surveys (LAIS) collected by the Inter-American Development Bank (IDB). The dataset
harmonizes 30 national innovation surveys (NIS) conducted between 2007 and 2017, covering
10 Latin American countries: Argentina, Chile, Colombia, Ecuador, El Salvador, the Dominican
Republic, Panama, Paraguay, Peru, and Uruguay. The information refers to approximately
119000 firm-level observations and includes 687 variables that can be grouped into the
following macro-categories: general firm characteristics; inputs and expenditures on
innovation; innovation outputs; obstacles to innovation; sources of information and
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cooperation; sources of financing; protection of innovation; and workforce composition (Crespi
et al, 2022).

In the following, the variables that are considered in this work will be briefly described
(Table A1 - Appendix). The variable under observation is the total amount of expenditures on
innovation (INNOspenp). The treatment variable is a binary indicator indicating whether the firm
received public financial support (PUBgranT). The analysis includes a set of control variables
that may influence a firm’s decision to apply for grants (and engage in innovation). The
inclusion of these controls is crucial for isolating the effect of the primary regressors and
accounting for potential confounding factors. The variables considered are reported and
described below.

Product innovation (INNOprop) refers to new or significantly improved goods or services
that differ from existing market offerings, aiming to achieve technological and market gains, as
well as enhance quality and variety (Teece, 2007a). It often requires firms to scan
technologies, markets, and consumer needs continuously, and has been shown to influence
organizational change through its interaction with firm capabilities (Carboni & Medda, 2021).

Process innovation (INNOproc) involves the development of new or substantially
improved production methods designed to increase efficiency and competitiveness, often
through targeted investments in equipment (OECD & Eurostat, 2018). It is closely tied to
production objectives, requiring deep knowledge of production cycles and dynamic capabilities
(Reichstein & Salter, 2006; Teece, 2007b). While product innovation is consistently linked to
positive performance outcomes, evidence on the effects of process innovation is more mixed
(Morris, 2018).

Organizational innovation (INNorg) refers to change in structures, routines, and
management systems, including teamwork, supply chains, and quality practices (Damanpour,
1987). Such improvements are crucial for enhancing the effectiveness of product and process
innovations and maintaining competitiveness in rapidly evolving environments. A common
view in the literature is that organizational innovation is a prerequisite for successful product
and process innovation, as well as for the absorption of external technologies. It plays a central
role in resource and information sharing, decision-making, and in shaping the mechanisms
underlying complex innovation dynamics (Vather & Vadi, 2024; Carboni & Russu, 2024).

Firm size, measured by the number of employees (EMPL), may be a key determinant of
investment in innovation. Larger firms benefit from better organization, easier access to
financial markets, greater specialization, and the ability to spread fixed costs. This increases
both the likelihood and scale of innovative activity. Perez-Alaniz et al. (2022) provide evidence
that firm size moderates the impact of firms' internal financial resources on scientific research,
development, and innovation.

An export dummy (EXPORT) is included among the regressors, as firms competing in
international markets are often more innovative and, consequently, more inclined to apply for
subsidies (Carboni & Medda, 2024).

Two further controls are introduced to account for the internal capability of firms: the
number of R&D employees in the research division (R&DewmrL) and the share of workers holding
a university degree (UNlpecree). These variables serve as proxies for a firm’s technical
competence and absorptive capacity, as they capture both the scale of research efforts and
the quality of human capital available. The rationale is that the creation of value and the
success of innovation processes depend heavily on internal skills and the knowledge base of
the workforce. As highlighted in the literature, firms with stronger human capital endowments

121



Journal of Applied Economic Sciences

are better positioned to exploit technological opportunities, adapt to dynamic environments,
and generate competitive advantages (Atzeni & Carboni, 2004, 2006; Dimakopoulou et al.,
2023; Fiorentin et al., 2023).

The model also incorporates a variable measuring the level of internal financing
(FINown). The sources of investment financing can vary substantially across firms. Highly
innovative firms, for instance, may be reluctant to disclose details of their R&D projects to
external investors, while the inherent uncertainty surrounding research outcomes often limits
access to external capital. As highlighted by Hall (2002), financing innovation externally tends
to be more expensive than other types of investment. Even when internal funds, such as cash
flow, are insufficient, raising new equity can be costly and undesirable. Bond et al. (2005)
further show that, although cash flow does not significantly affect the amount of R&D
expenditure, it does influence the likelihood that high-tech firms in the UK engage in R&D
activities at all.

An indicator of financial constraints is also considered (FINconsTr). Financial constraints
act as a proxy for credit market efficiency. Given the risky and sunk-cost nature of R&D,
liquidity shortages may severely limit firms' ability to invest in research. Consistent with this
view, Borisova & Brown (2013) find evidence of financing frictions among small and young
high-tech firms. Such constraints are, in general, good at explaining under-investment.

The model also includes a binary variable (GROUP), which equals one if the firm belongs
to a business group. Group membership can ease financial constraints for both innovative and
traditional firms. A considerable body of research has investigated the determinants of
innovation expenditure, highlighting factors such as firm size, internal financing capacity,
external competition, and group affiliation (Hall et al., 2010). Schiantarelli & Sembenelli (2000)
show that firms in medium and large groups are less sensitive to cash-flow availability,
benefiting from greater stability and easier access to resources. Additionally, group-affiliated
firms may internalize externalities, particularly those arising from technological activities.

An indicator reflecting the shortage of professional capabilities is also considered.
Obstacles in recruiting the necessary human capital (OBSTwk) represent a significant barrier
to firms’ innovation activity. The availability of skilled personnel is a crucial determinant.
Shortages in this area tend to discourage investment, as highlighted by the literature on the
role of human capital in fostering technological progress (Atzeni & Carboni, 2004, 2006).

Finally, industry dummies are included to capture sectoral heterogeneity (INDUSTRY).
Cross-sectional differences in technological opportunities, appropriability conditions,
competencies, and fixed costs may all influence firms’ innovative behaviour. For similar
reasons, country dummies (COUNTRY) are also included in the model.

4. Research Methodology and Econometric Framework

When investigating the effects of public policy, the issue arises in assessing the efficacy
of government-supporting schemes and determining whether they can replace firms' own
financing. Given the relatively lower cost of public subsidies compared to capital markets,
companies may be tempted to participate in public schemes even if they possess private
budgetary resources (Blanes & Busom, 2004). However, although such an asset replacement
may realise, obtaining the grant implies that some firms participating in the selection process
are ultimately not granted, hence determining the aggregate net result deriving from public
intervention becomes a challenging task (Hujer & Radic, 2005).
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Despite the significant body of studies aimed at assessing the impact of public
assistance, there is a lack of agreement, and the empirical findings are quite controversial.
Compelling methodological aspects that still require investigation are at the base of such
heterogeneous results. Garcia-Quevedo (2004) suggests that conclusions may vary
depending on the level of analysis, and there is a weak micro indication of crowding out effects.

One common methodological issue in many empirical studies is that estimations could
be affected by selection problems. Grants awarded organizations may have been selected by
government officers because they are considered objectively more plausible for conducting
successful research ventures. Officers are inclined to "pick the winners" and back appealing
research proposals (Antonelli & Crespi, 2013). Commonly, the driving principles for awarding
government grants are based on firms' expected revenues. Hence, it is likely that the amount
of existing investment may increase the probability that a firm will be selected, and
consequently, that government financing becomes endogenous, making estimates unreliable.

The econometric applications aiming at policy evaluation supply different recipes of
analysis: (i) regressions with controls, (ii) fixed effects or difference-in-difference models, (iii)
sample selection models, (iv) instrumental variable estimators, and (v) non-parametric
matching of treated and untreated firms (Heckman, 2007). Following this branch of research,
this paper presents new empirical evidence on the potential effects of public grants on firms’
innovative investment.

Evaluating the effects of government subsidies requires estimating the counterfactual
scenario, that is, what would have happened in the absence of the incentive program. Since
beneficiary and non-beneficiary firms cannot be regarded as random samples, the main
difficulty lies in identifying a credible control group. Matching methods are commonly employed
to address this issue (Heckman et al., 1998; Heckman & Navarro-Lozano, 2004), as they
approximate a randomized ex post experiment when experimental data are unavailable. Smith
& Todd (2005) provide a comprehensive assessment of different matching estimators, showing
that, with sufficiently high-quality data, matching represents a reliable approach. This
technique enables a comparison between the outcomes of participating firms and those of a
suitably defined group of non-participants, with the evaluation typically based on the average
treatment effect on the treated (ATT). The ATT measures the extent to which a firm receiving
the subsidy (D=1) benefits compared to the hypothetical outcome it would have experienced
without the subsidy (D=0), conditional on a set of observed characteristics (X):

E(Yi-Yo| X, D=1) (1)

To evaluate the impact of subsidies, the counterfactual benefit is defined as the
difference between the potential outcomes with and without treatment (A =Y - Yo). However,
since for each firm only one of these outcomes is observed, the missing counterfactual must
be inferred from the data. This inference relies on the conditional independence assumption,
which states that, given observable characteristics X, the potential outcomes (Y1, Yo) are
independent of the participation decision D (Rosenbaum & Rubin, 1983). In other words,
conditional on X, the expected outcome of treated firms without the subsidy equals the
expected outcome of untreated firms with similar characteristics.

To operationalize this, the propensity score, defined as the conditional probability of
receiving the subsidy given X is estimated, thereby reducing the multidimensional matching
problem to a scalar index. Based on this score, each treated firm is matched with a comparable
untreated firm (“nearest neighbour”), with additional criteria sometimes applied to improve
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matching quality. Firms outside the acceptable range of similarity are excluded. The average
difference in outcomes between treated firms and their matched counterparts is then
interpreted as the causal effect of the subsidy. Finally, the identification assumption requires
that all the observations of comparable individuals who chose not to participate are included
in the analysis (Abadie & Imbens, 2002).

c<Pr(D=1|X=x)<1forsomec>0 (2)

The issue arises from the fact that some firms did not apply for public support, while
others applied but were denied it. Including the latter in the matching process undermines the
assumption of ex post random selection, as the control group would then be biased by the
presence of lower-quality firms that were rejected from the program. The probit model is then
used to estimate a one-dimensional propensity score for each firm, which serves to identify
counterfactuals for the subsidized units and to separate the sample into participants in the
public program and a potential control group of non-subsidized firms. The probit model is
expressed as:

PUBGrant = INNOprobu, INNOproce, INNOorea, EMPL, EXPORT, R&DempL,
UNIpecree, FINown, FINconstrR, OBSThk, COOP, INDUSTRY, (3)
COUNTRY.

Figure 1 illustrates the kernel density distribution of the estimated propensity scores for
treated and control observations before and after the matching procedure. In the unmatched
sample, the distributions differ considerably, indicating an imbalance in the probability of
receiving investment incentives between the treated and control groups. Such divergence
suggests potential selection bias in the original sample. After applying the matching procedure,
the distributions of propensity scores for the treated and control groups become substantially
closer, indicating improved comparability between the two groups. The increased overlap of
the distributions confirms that the matching process enhances the common support condition
and improves the balancing properties of the covariates. Consequently, the matched sample
provides a more appropriate counterfactual framework for estimating the causal impact of
investment incentives on investment spending.

Figure 1. Kernel Distribution

Kernel distribution whole sample BEFORE MATCHING Kernel distribution whole sample AFTER MATCHING
TREATED (obs: 1637); CONTROLS All (obs: 18367) TREATED (obs: 1611); CONTROLS (obs:1315)

15
I

density
2

4 6 2 4 6
propensity score propensity score

————— kdensity pscoreTREATED — ———- kdensity pscoreTREATED
kdensity pscoreCONTROLS kdensity pscoreCONTROLS

Estimated Propensity Score - whole sample — Outcome variable:  Estimated Propensity Score - matching sample — Outcome
Investment spending. Treatment variable: Incentives to variable: Investment spending.Treatment variable: Incentives to
investment (0,1) investment (0,1)

Source: Authors’ own calculations based on the study dataset.
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5. The Matching Procedure

This section addresses the issue of potential selectivity bias by first estimating the
probability of a firm receiving public funding, conditional on a set of observable characteristics.
This estimates the likelihood of obtaining public subsidies using data from firms engaged in
innovative investment activities during the period 2007-2017. The dependent variable is a
binary indicator capturing whether firms received public support for investment in innovation
activities, while the covariates correspond to those outlined in the previous section. The use of
the propensity score aims to capture the factors that public agencies are likely to consider
when allocating subsidies.

For each treated firm, a control firm is selected. This latter eventually exhibits a
comparable probability of receiving the treatment, based on observed characteristics. After
excluding non-matching firms and retaining only those that are potential matches, the
estimation shows that the nearest neighbour distributions of subsidized firms and controls are
sufficiently balanced with respect to the matching variables. Finally, 1,611 granted firms and
1,315 control observations are identified for the analysis. The Average Treatment Effect on the
Treated (ATT) is then obtained by averaging the unit-level treatment effects, where each
treated firm is matched with the non-treated firm in the control group that has the closest
propensity score (measured using the Mahalanobis distance). Nearest neighbour matching is
performed with replacement, allowing the same control firm to serve, eventually, as a
counterfactual for multiple treated firms.

Table 1 reports the probability of receiving investment incentives using a dataset of
20,004 observations. Participation in public schemes is captured through a binary dependent
variable. The propensity score method is employed to approximate the selection criteria that
public authorities may use when awarding grants to firms.

Table 1: Probit Estimate
Determinants of receipt of public grants - firms before matching.

Dependent: Public incentives to investment

Variable Coef. Std. Err.
INNOproDU 0.21*** 0.03
INNOprocE 0.06* 0.03
INNOorcA 0.06* 0.03
EMPL 0.0001*** 0.000
EXPORT 0.33*** 0.03
R&DempL 0.003*** 0.000
UNIpeGree 0.006*** 0.000
FINown -0.01*** 0.000
FINconsTrR 0.16*** 0.03
OBSThk 0.04 0.03
COOP 0.35*** 0.04
Cons -2.71%** 0.20
# obs: 20,004

Industry dummies Yes

Test on joint significance on industry dummies X2 = 113.80, prob > x2=0.000
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Countries dummies Yes

Test on joint significance of countries dummies X2 = 518.71, prob > x2=0.000
Log likelihood: - 4497.699

Pseudo R2 0.2061

Prob > x2 0.0000

Note: =+« Significant at 1%; *+ Significant at 5%; * Significant at 10%. The common support option has
been selected [.0021353, .98491114].

It emerges that this probability is positively associated with product, process, and
organizational innovation, export orientation, R&D intensity (R&DewmrL), the presence of
university graduates (UNIpecree), financial constraints (FINconstr), and cooperation (COOP).
Firm size (EMPL) has a positive, albeit very small, marginal effect. By contrast, the availability
of own financial resources (FINown) is negatively correlated with the likelihood of obtaining
grants, which is consistent with the idea that public support is targeted toward more financially
constrained firms.

The chi-squared test of joint significance confirms that systematic cross-country and
cross-industry differences shape the probability of engaging in innovation. This is in line with
previous evidence highlighting how institutional and sectoral environments critically influence
firms’ innovative behaviour (Hall et al., 2010). The probit model is subsequently employed to
estimate a one-dimensional propensity score for each firm in the sample. This score is then
used to construct counterfactuals for the subsidized firms, effectively dividing the sample into
participants in public programmes and a potential control group of non-subsidized firms.
According to the estimated propensity score, each treated firm is matched with the non-
recipient firm displaying the closest probability of receiving a subsidy. Given the specified
matching assumptions, the treated and control groups differ only in terms of receiving the
grants. This framework enables the evaluation of the impact of public support by comparing
expenditure levels between subsidized firms and their matched counterparts. Under these
assumptions, the estimated difference in innovation expenditure can be interpreted as the
causal effect of grant allocation.

6. The Matching Results

As outlined above, firms are classified as subsidized if they received innovation grants
during the period 2007-2017. Specifically, 1,611 firms benefiting from innovation incentives
are matched with 1,315 non-subsidized counterparts, which have the same probability of
receiving the grant. The estimation results reported in Table 2 indicate that public incentives
have a positive and statistically significant effect on firms’ innovation spending. No matching
firms were found for El Salvador, so, it is excluded from the evaluation procedure. Firms
receiving incentives spend on average US$ 286000 more on innovation than comparable non-
treated firms, with the effect being significant at the 1% level. When normalized by firm size,
the results remain robust: incentivized firms exhibit an increase of US$ 1,607 in innovation
spending per employee, again statistically significant at the 1% level. These findings suggest
that public incentives are effective in stimulating both the overall volume and the intensity of
innovation expenditures.
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By contrast, the effects on net innovation spending are not statistically significant,
although the estimated coefficient is positive (US$ 595,000). Similarly, the impact on net
innovation spending per employee is negative (—US$ 4,308) but it is not statistically significant.
These results imply that, while incentives appear to increase gross innovation expenditures,
their effect on net spending is less clear. A possible explanation is that incentives may partly
substitute for expenditures that firms would have undertaken in any case, thereby limiting their
incremental impact on net investment.

Table 2: Average Treatment Effect (ATT) of Incentives on Innovation Spending. (*)
Outcome variable: Innovation spending (US$ period average).
Treatment variable: Public Incentives

Matched treated: 1,611 Std. error t-Value (°)

Matched controls: 1,315 76,683 3.729

Outcome variable: Innovation spending per employee (US$ period average).
Treatment variable: Public Incentives
Matched treated: 1,611
Matched controls: 1,315

ATT Std. error t-Value (°)

1,607 443 3.626
Outcome variable: Net innovation spending (US$ period average)
Treatment variable: Public Incentives
Matched treated: 1,611 ATT Std. error | t-Value (°)
Matched controls: 1,315 595,000 716,000 0.832
Outcome variable: Net investment per employee (US$ period average)

Treatment variable: Public Incentives

Matched treated: 1,611 ATT Std. error t-Value (°)
Matched controls: 1,315 -4308 3,909 -1.102

Note: (*) Estimation with the Nearest Neighbour Matching method (random draw version). (°) Takes
account of repeated use of control observations in the control group.

Based on these results, it might be worthwhile to examine whether grants influence firms’
financial access to investment financing (Meuleman & De Maeseneire, 2012). Table 3 reports
the average effect of grants on firms' own finance for investment. The findings indicate that
subsidized firms employ more internal financial assets compared to their non-subsidized
counterparts (ATT = 3.18, t = 2.12). These results are consistent with the overall matching
estimates, showing that grants not only enhance total innovation investment but also exert
complementary effects on own resource use. This suggests to a modest crowding-in of own
resources alongside public support, consistent with incentives that ease liquidity pressure and
improve cash-flow planning. Interestingly, the effect on bank financing is negative and highly
significant (ATT =-23.89, t = -17.59), suggesting that granted firms relied less on bank credit
to finance their innovation activities. This may indicate that grants substitute for bank borrowing
in the average financing mix within this sample.

Hence, grants appear not to help firms alleviate their credit constraints. It may also be
an indication that, in the Latin American countries considered, self-financing in innovation
represents the only viable option for firms, and public grants may help them support their
internal finance commitment. This appears to be a potential weakness of the support system.
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Several theoretical contributions discuss the impact of financial constraints on firms.
Information asymmetries, for example, lead to credit rationing and financing limitations (Fazzari
et al., 1988; Bond & Meghir, 1994), suggesting that credit markets may not operate efficiently.
The literature on capital market imperfections and the financing of high-tech projects
emphasizes the difficulty investors face in distinguishing between high-quality and poor
projects.

Consequently, banks and other lenders often show reluctance to finance technological
investment, which must therefore rely predominantly on internal resources, a mechanism
described by the ‘financing gap’ hypothesis. From a policy standpoint, these considerations
support the social desirability of public programs aimed at reducing firms’ investment costs.
Empirical evidence by Hyytinen & Toivanen (2005) further indicates that government support
mitigates underinvestment problems in industries that are highly dependent on external
finance.

Table 3: Average Treatment Effect (ATT) of Public Incentives on Financing. (*)
Outcome variable: Own financing (%)

Treatment variable: Public Incentives

Matched treated: 1,611 ATT Std. error t-Value (°)
Matched controls: 1,315 3.18 1.50 212

Outcome variable: Bank financing (%)
Treatment variable: Public Incentives

Matched treated: 1,568 ATT Std. error t-Value (°)
Matched controls: 1,283 -23.89 1.36 -17.59

Note: (*) Estimation with the Nearest Neighbour Matching method (random draw version). (°) Takes
account of repeated use of control observations in the control group.

To obtain a more comprehensive picture, the potential impact of the innovation grant on
sales and export performance is also analysed. The ATT estimate amounts to US$5.31 million,
yet the effect is not statistically significant (t=0.403), as depicted in Table 4. While the
coefficient is positive, the large standard error indicates the absence of a robust relationship
between subsidies and sales. This finding is in line with the expectation that public support
primarily affects firms' investment capacity rather than generating immediate increases in
turnover. As argued by David et al. (2000), the benefits of public intervention often manifest
with a time lag, since new investments require an adjustment period before translating into
higher productivity and, subsequently, greater sales.

With respect to export the ATT is US$12.2 million, again positive but statistically
insignificant (t = 1.409). Export-related outcomes are particularly complicated to be estimated
with precision due to their skewed distribution: a relatively small share of firms accounts for
the bulk of export activity (Bernard et al., 2007). This distributional feature can weaken the
statistical power of average treatment effects. Moreover, incentives may exert differential
impacts on the extensive margin (probability of exporting) versus the intensive margin (export
volume among existing exporters), as emphasized by Melitz (2003) and supported by
subsequent empirical work (Wagner, 2007).
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To sum up, the results indicate significant effects of grants on investment, but an
insignificant impact on sales and exports is consistent with previous studies. Public support
generally proves more effective in promoting input accumulation, such as capital deepening
and R&D, than in producing immediate improvements in market-based outcomes. For
example, Cerqua & Pellegrini (2014), analysing ltalian firms, report significant effects of
subsidies on investment and firm survival but limited evidence for sales and exports. Similarly,
Gorg & Strobl (2007) find that while subsidies enhance productivity and survival, their effects
on export performance tend to emerge only in the medium to long term.

Table 4: Average Treatment Effect (ATT) of Public Incentives on Sales And Export. (*)
Outcome variable: Sales (US$ period average)

Treatment variable: Public Incentives

Matched treated: 1,610 ATT Std. error | t-Value (°)
Matched controls: 1,314 5,310,000 13,200,000 | 0.403
Outcome variable: Export (US$ period average)
Treatment variable: Public Incentives

Matched treated: 1,611 ATT Std. error | t-Value (°)
Matched controls: 1,023 12,200,000 8,670,000 | 1.409

Note: (*) Estimation with the Nearest Neighbour Matching method (random draw version). (°) Takes
account of repeated use of control observations in the control group.

Conclusion

This research contributes to the empirical literature by assessing the economic effects
of public funding on firms across seven Latin American countries. This regional focus is
particularly relevant, as Latin America’s structural and institutional features provide a
distinctive setting for examining the interaction between public support and firms’ research and
development activities. From this standpoint, public funding programs can serve as an
essential instrument for encouraging firms to undertake uncertain innovative initiatives,
especially given the financial constraints that often hinder investment in technology-intensive
sectors.

Methodologically, this study adopts a non-parametric matching approach. The core idea
of this method is to assess whether subsidized firms would have spent a different number of
resources in technological activity had they not received financial support. The results of this
analysis suggest that public incentives are effective in stimulating both the overall volume and
the intensity of innovation expenditures. However, it emerges that subsidies have no net effect
in boosting additional net innovative investment, raising concerns about the full efficiency of
government aid. It is worth highlighting that firms using public support show a total larger
innovation investment level, coincidentally employing higher internal financing compared to
non-subsidised ones. This suggests that subsidised firms would have been less innovation-
concerned without the financial assistance, indicating partial benefits of public grants. The
results also indicate that relying solely on government financial aid offers limited benefits in
terms of enhancing firms' commitment to innovation spending. Unfortunately, the structure of
the data does not permit the establishment of potential substitution effects.
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The results also suggest that while public incentives exert a partial positive effect on
firms' innovation engagement, their influence on sales and export performance is less evident
and statistically inconclusive. This outcome highlights the need for a longer-term evaluation
horizon, as the commercial returns of investment projects often materialize with delays.

From the policy perspective, it is crucial to recognize that the amount of innovation efforts
alone is not the sole determinant of a firm’s growth. The institutional context plays a significant
role in shaping production skills, fostering a commitment to new and advanced projects, and
influencing the likelihood of success. Hence, the government policy agenda should consider
the structural diversity in Latin American countries, characterized by a significant presence of
micro and small firms, alongside a limited number of large and internationally competitive
organizations.

Moreover, the absence of robust short-run effects on sales and exports suggests that
subsidy programs alone may be insufficient to foster international competitiveness unless they
are complemented by policies that directly target firms' access to foreign markets, marketing
capabilities, and innovation adoption. In this sense, public support should be designed not only
to stimulate capital accumulation but also to facilitate the commercialization of outcomes,
particularly in international markets. Such an integrated approach ensures that subsidies
contribute not only to investment expansion but also to sustained improvements in firms'
growth and export capacity. The issue is especially meaningful in the Latin American context,
where improving competitiveness requires firms to pursue technological advancement in a
consistent and sustained manner. Incentivising firms to commit to technological process while
increasingly committing to their own innovation activities becomes of paramount importance
to incentivize economic and productivity performance. This is especially valuable considering
that, since wages have grown excessively to compete with labour-intensive production, Latin
American Countries need to shift from factor-driven to productivity-guided growth (Paus,
2020).
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APPENDIX
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Table 1A. Variable Description

Treatment variable

PUBGRANT Dur_nmy=1 _|f the company has received public financial support
for innovation
Regressors:
INNOProDU Dummy=1 if the company has reported product innovation
INNOprocE Dummy=1 if the company has reported process innovation
INNOorcA Dummy=1 if the company has reported organizational innovation
EMPL Number of employees (period average)
EXPORT Dummy=1 if the company has exported
RDempL Percentage of R&D employees
UNIbecreE Percentage of employees with a university degree
FINown Percentage of internal finance for innovation activities
FIN Dummy=1 if the company declared financial constraints in
CONSTR innovation spending
OBST Dummy=1 if the lack of qualified human capital in the firm is an
HK important obstacle to innovation
COOP Dummy=1 if the firm has cooperated in research programs
Observation variable:
Includes:
INNOVATION In-house R&D; External R&D; Hardware & software; ICT;
SPENDING (US$ Machines and equipment; Training; Technology Transfer;
period average) Consultancies; Knowledge acquisition, consultancies, and
technical assistance; Engineering and design; Market research;
Other technological activities.
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