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Abstract Using a recursive bivariate probit model and
survey data covering the period 2014–2018, the present
paper aims to assess which factors in the financial mar-
ket (supply side) have a higher impact on firms’ likeli-
hood to be financially constrained. The results show that
after controlling for potential endogenous bias due to
unobservable firm characteristics, being an innovative
firm increases the probability of being financially
constrained between 21 and 32%. The nature of the
innovation strategy also seems to influence the severity
of financing constraints. For financially constrained
firms, the main factors that limit future financing for
growth ambitions are the lack of collateral, bureaucracy,
and too high a price. Findings also indicate that mea-
sures to facilitate equity investments and making
existing public measures easier are the most important
factors for future financing while tax incentives only
play a minor role.
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1 Introduction

Joseph Schumpeter (1934) was the first to defend that
financial intermediaries in the capital market are essential
for innovation and economic growth. However, due to
asymmetric information between entrepreneurs and in-
vestors, several firms are faced with financing con-
straints. Usually, innovative firms are more financially
constrained than non-innovative ones (Belin et al. 2011;
Bah and Dumontier 2001; Aghion et al. 2004). Indeed, in
addition to the problem of asymmetric information, in-
novative firms have fewer collateralizable assets (Hall
and Lerner 2010) because “the capital created by R&D is
largely intangible1 and firm-specific, limiting its resale
market value” (Hall 2009:11). This situation could be
associatedwith a higher risk for lenders if the firm has not
enough valuable collateral since, in the case of non-
payment of the debt by the borrower, the investor’s loss
is also higher. For this reason, lenders generally request
higher collateral, in order to reduce their loss and consid-
ering the observed-risk hypothesis (Blazy and Weill
2013). So due to uncertainty and risk, financial institu-
tions are reluctant to invest in R&D projects compared to
more traditional business projects (Mazzucato 2013).

Financing constraints have been highlighted bymany
authors (Canepa and Stoneman 2008; Iammarino et al.
2009) as a significant obstacle to innovation, but the
degree of exposure to this problem is not homogeneous
among firms. The identification of constrained firms is
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1 Most expenditure (50% or more) on R&D investment goes toward
paying scientists and engineers’ salaries (Hall 2009).
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particularly important for policymakers in order to de-
sign effective policy orientation and to give public sup-
port to firms most in need (Hottenrott and Peters 2012).

The present paper focuses on direct assessment of
financing constraints through the anonymous survey on
SMEs’ access to finance in the euro area (SAFE), un-
dertaken together by the European Commission and the
European Central Bank (ECB).

Using a recursive bivariate model, where the first equa-
tion is to demonstrate an innovative behavior and the
second to be a financially constrained firm, the paper aims
to (i) identify which factors, both internal and external to
the firm, have a higher impact on hindering access to
finance; and (ii) assess how far innovative behavior (strat-
egy and typology) can induce financing constraints. On
the other hand, the present study also aims to assess
differences between innovative firms and non-innovate
ones, as regards firms’ perception about the characteristics
of the supply side of the financial market. The study
centers on European SMEs that have growth ambitions
and therefore need external finance since information
about obstacles is only available for this group of firms.

The contribution and originality of the paper are
based on the inclusion in the model of variables related
to firms’ external factors and linked with financial mar-
ket characteristics, considered limiting as regards
obtaining finance for growth ambitions. Indeed, most
studies carried out have focused more on firms’ charac-
teristics or countries’ institutional factors as the main
determinants of firms’ financing constraints. However,
the paper intends to go further and assess which con-
straints on the supply side lead to financing constraints.
Difficulties in access to finance have been highlighted as
an important obstacle to innovative activities, but the
reverse relationship remains little explored. Finally, we
use a data source (SAFE) that, as far as we are aware,
has not previously been used to this end.

The paper is structured as follows. “Section 2” pre-
sents the theoretical framework of the study. “Section 3”
describes the database. “Section 4” defines the concep-
tual framework and methodology. “Section 5” presents
the results. “Section 6” concludes and provides some
policy recommendations.

2 Background theory and literature review

From the corporate finance perspective, the decision to
invest depends on the price or cost of such an investment

and the required rate of return. The neo-classical long-
run model of Jorgenson (1963) explains that the invest-
ment demand or the desired amount of capital stock is a
function of a firm’s output and of user capital cost,
where the output takes into account the price and quan-
tity of goods and services, and the user capital cost is
estimated taking in the rate of taxation, interest rate, and
rate of investment replacement. Furthermore, the cost of
capital is also determined by a firm’s capital structure,
i.e., a mix between internal and external (debt and
equity) financing. According to the Modigliani and
Miller (1958) theorem, internal and external sources of
financing are perfect substitutes. However, the main
limitations of this hypothesis lie in the authors’ assump-
tions regarding perfect markets (without asymmetric
information, risk, uncertainty, taxes, and bankruptcy
costs) and the same cost of capital irrespective of financ-
ing sources and investment type (Damodaran 2006; Hall
and Lerner 2010). Indeed, there are several reasons why
internal and external financing sources not perfect sub-
stitutes are, namely the availability of internal finance,
access to debt or equity financing, or the functioning of
the credit market (Fazzari et al. 1988).

The use of internal sources of financing is influenced
by its availability and by moral hazard problems and tax
considerations. Moral hazard refers to the difficulty in
separating the interests of management and ownership,
and when the manager’s investment strategy does not tie
in with the owner’s goal of maximizing the firm’s value
(Hall and Lerner 2010). In such cases, in order to reduce
agency cost,2 owners can influence the value of the
R&D investment to protect themselves from risk and
by limiting access to the use of internal capital (Jensen
and Meckling 1976). Tax considerations relate to the
fact that debt and retained earnings are taxed differently
(Auerbach 1984). For example, debt is tax-deductible at
the corporate level (tax savings for interest paid on the
debt), whereas using retained earnings as a source of
finance could lead to the owner avoiding personal tax on
dividends, but the firm’s capital gains are still taxed at
the corporate level (Hall and Lerner 2010).

Nonetheless, despite the entrepreneur’s preference
for internal or external sources of finance, after-tax
considerations, their choices could also be influenced
by credit rationing. Stiglitz and Weiss (1981) were

2 Agency cost refers to the sum of monitoring the owner’s expenditure,
bonding expenditure by the agent (acting on the owner’s behalf), and
residual loss (Jensen and Meckling 1976).
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among the main contributors in explaining the phenom-
ena of credit rationing, arguing that if rationing exists, it
is due to market failures. These authors explained that
excessive demand for loans should be solved by an
increase in price (interest rate), leading to an adjustment
of demand and supply until reaching the market equi-
librium. However, imperfect information and adverse
selection lead banks to limit the supply because it is
difficult for them to identify borrowers who are more
likely to repay their loans. So, given the uncertainty
about the expected return, due to potential risk, banks
prefer to ration the supply of loans, despite the existence
of demand.

Consequently, firms can face financing constraints
due to the difficulty in accessing external finance but
also to the insufficiency or non-availability of internal
funds. A major challenge in identifying a financially
constrained firm concerns also the nature of the concept,
which is more subjective to each firm than empirically
observable or directly measurable (Silva and Carreira
2012a).

Fazzari et al. (1988) introduced the sensitivity of
investment to cash flow as an indirect measure of fi-
nancing constraints, on the basis that this indicator can
reflect firm liquidity, availability of internal funds for
debt repayment and net worth positions, which can also
have an impact on the cost of new debt. Despite some
criticism and limitations,3 this method has been used by
many authors to test the effect of financing constraints
on the firm’s decision to invest, both in traditional
tangible assets (Minton and Schrand 1999; Moyen
2004; Fee et al. 2009) and in innovation or R&D
(Himmelberg and Petersen 1994; Bond et al. 2005;
Cincera and Ravet 2010; Cincera et al. 2016). Besides
cash flow having a positive effect on investment,
Himmelberg and Petersen (1994) also defend that its
effect on R&D investment could be higher than on an
ordinary investment given their different characteristics
(tangibility and collateralization).

A more recent alternative to measuring financing
constraints is using survey data (Canepa and Stoneman
2002; Iammarino et al. 2009; D’Este et al. 2012; Coad
et al. 2016) or company report information (Hadlock
and Pierce 2010). These indicators are built on the
results of entrepreneur perception and self-evaluation
of financing constraints. Direct measures of financing

constraints can avoid some bias affecting indirect mea-
sures (Hall et al. 2016), but due to the subjective nature
of self-assessment, this could also be a potential source
of bias (Silva and Carreira 2012b).

The present study focuses on direct assessment of
financing constraints through an anonymous survey on
SMEs’ access to finance in the euro area (SAFE).
Ferrando and Mulier (2013), assessing firms’ financing
constraints using a SAFE database and firms’ financial
statements, demonstrated that firms which perceived
financing constraints have similar characteristics to
those faced with an actual situation. So, we can deduce
that the potential source of bias due to the self-
assessment used for the SAFE database is minimal.

3 Database and sample selection

The database comes from the anonymous “Survey on
the Access to Finance of SMEs in the euro area”
(SAFE).4 SAFE is conducted bi-annually together by
the European Central Bank (focusing on large Euro
Area countries) and the European Commission (focus-
ing on all EU countries) since 2009. “The companies in
SAFE are selected randomly from the Dun & Bradstreet
business register (…). The sample sizes in the different
countries were selected based on a trade-off between the
costs of the survey at the euro area level and represen-
tativeness at the country level” (ECB 2016:6). The
inquired firms in SAFE included firms with different
ownership: family, entrepreneur, other enterprises, pub-
lic shareholders, venture capitalist, or business angels,
among others.5 Since SAFE is anonymous, it is not
possible to cross information with other sources.

We used data from the five first round of SAFE,
which covers the period from 2014 and 2018. The
database is constructed using repeated cross-sectional
data. Firms surveyed are located in Euro area countries,
other EU Member states, and other countries (such as
Albania, the Former Yugoslav Republic of Macedonia,
Iceland, Montenegro, and Turkey). Firms are asked to
answer, among other topics, about the availability of

3 For more details, see Kaplan and Zingales (1997 and 2000) or Hall
et al. (2016) for a survey of the literature.

4 As regards the main limitations of the study, these are linked with the
characteristics of the database used, namely the subjective (self-
perception) and categorical nature of the responses (most answers are
“yes” or “no”). Additionally, since the survey is anonymous, it is
impossible to cross information with other sources, such as
AMADEUS and ORBIS.
5 For more details about sample selection see ECB (2016).
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financing and market conditions over the past 6 months,
as well as their growth ambitions for the next 3 years,
underlining financing obstacles to growth.

The present study focuses on SMEs6 located in EU28
that expect to grow and need external finance to carry
out their growth ambitions since we have information on
SAFE about the main dimensions we want to assess
only for this group of firms. Only firms answering that
they need external financing to realize their growth
ambitions are asked about the most limiting factor in
acquiring this finance. Similarly, only firms expecting to
growwere asked about the amount of external finance to
realize their growth ambitions. Taking into account all
these criteria, the initial sample (Figure S1 - Supplement
material) comprises 44,573 SMEs located in EU28,
which expect to increase their turnover in the next 2 to
3 years and need external finance to do so. However,
only 27,546 firms provided a valid answer to all ques-
tions on the survey, and these form the sample used in
the present study.7

4 Conceptual framework and methodology

The paper aims at identifying, firstly, which factors on
the supply side of financial markets have the highest
impact on hindering European firms’ access to finance,
and, secondly, assessing how far innovative behavior
can induce financing constraints. Therefore, the first two
steps involve the definition of being financially
constrained and being an innovative firm. Innovative
firms are those answering in the SAFE questionnaire
that they had introduced in the past 12 months a new (or
significantly improved) product, service, process, meth-
od, management organization, or way of selling goods
or services. This classification also corresponds to the
Schumpeter (1934) and OECD (2005) definition of an
innovative firm. In the present study, the concept of
novelty is only related to firm/entrepreneur point of
view.

Concerning firms’ financial status of being financial-
ly constrained, we used the answer to the question about
how great problem access to finance was for their busi-
ness in the past 6 months. The answer is on a scale of 1
to 10, where 1 means it is not at all important and 10
means it is extremely important. In order to define the
firms’ financial status, we need to determine the limit
fromwhich firms are considered financially constrained.
Authors using the CIS database (Galia and Legros 2004;
Canepa and Stoneman 2008; Iammarino et al. 2009),
where the degree of importance of obstacles to innova-
tion activities is on a 4-point Likert scale, from 0 (no
effect or not relevant) to 3 (high or very important),
classified firms as constrained if they responded 2
(important) or 3 (very important). Following this ap-
proach and converting the SAFE scale to the CIS scale,
we obtain the limit of 7.5 or more precisely of 8. How-
ever, if we observe the mean of the degree of the
problem for those firms that considered access to fi-
nance as the most pressing of all the problems listed in
the survey (Table S2 in Supplement material), these
firms reported a score of almost 9. Therefore, we per-
formed preliminary estimations8 using three possibili-
ties for financing constraints, considering the degree of
access to finance as an important problem between 7
and 10, 8–10, and 9–10. The model where access to
finance is on a scale between 9 and 10 explains the data
better, for the reasons that it has higher overall rate of
correct classification, pseudo R2, and likelihood func-
tions. Therefore, we defined financially constrained
firms as those rating the degree of access to finance as
a pressing problem at 9 and 10.

The conceptual framework is based on the fact that
innovative behavior can affect access to finance, which
consequently could be an obstacle to firm growth ambi-
tions. The underlying dynamic of this process is sche-
matized in Fig. 1, where innovation behavior is ob-
served before or simultaneously to the firms’ perception
of access to finance as a pressing problem. As innova-
tion behavior is observed before access to finance as a
pressing problem, the inverse relationship (impact of
financing on innovation) cannot be precisely tested.

Endogeneity represents a major issue when we assess
the effect of innovation behavior on whatever firms’
reported statement. According to Savignac (2008), the
decision to undertake an innovative project is subject to
a selective process, and both innovation behavior and

6 The firm size is divided into three categories (micro, small, and
medium-sized firms) considering as criteria, the number of employees,
as reported in the Commission Recommendation 2003/361.
7 Table S7 in the supplement material reports the results of simple
Probit regression for different samples using only the main firm char-
acteristics, to assess the representativeness of the sub-sample. Results
show that even reducing the 60% the sample there is no differences
between them. 8 Results available upon request.

1430 A. Santos, M. Cincera



financial constraints are affected by common unobserv-
able individual characteristics. One way to deal with
unobservable problems is to use a switching
simultaneous-equations model, as suggested by
Maddala (1983), when selectivity is due to more than
one source of bias. An example of this model is the
recursive bivariate probit model (RBPM), used by
Savignac (2008) and Mancusi and Vezzulli (2014), to
assess the effect of financing constraints on the innova-
tion or R&D decision, respectively. The bivariate probit
model is based on a probit model with sample selection,
following Heckman (1979).

The RBPM adopts a structural approach in which the
second equation (y*2i) includes the dependent variable of

the first equation (y1i) as an endogenous variable, and both
variables of interest are binary variables. Explanatory var-
iables (xi) of both equations can have common elements,
but also need to have some different exogenous variables
in each equation (Maddala 1983). The RBPM assumes
that the error terms (εi) are independent and follow a
bivariate standard normalization distribution (2). However,
the joint estimation of both equations is only required if the
correlation coefficient of the two error terms is ρ ≠ 0, in
order to generate consistent estimates.

y*1i ¼ x1iβ1 þ ε1i; y1i ¼ 1 if y*1i > 0; 0 otherwise;
y*2i ¼ x2iβ2 þ θ1y1i þ ε2i; y2i ¼ 1 if y*2i > 0; 0 otherwise

�

ð1Þ

ε1i
ε2i

� �
→Φ2

0
0

� �
;

1 ρ
ρ 1

� �� �
where Φ2 refers to the bivariate standard normal−distribution function ð2Þ

The ρ also reports the magnitude and direction of bias
due to the endogenous nature of y1i in the second equa-
tion. For example, when ρ > 0 this means that ignoring
the endogeneity of y1i biases the result of the coefficient
θ1 upwards in comparison to estimation taking into
account the endogeneity of y1i, whereas when ρ < 0 this
implies a downward bias of the results of θ1 when the
second equation is estimated ignoring the endogenous
nature of y1i (Chiburis et al. 2011).

The advantage of using a RBPM in comparison with
an IV-probit regression is twofold. Firstly, to identify a
good instrumental variable with IV-probit is not easy
when using cross-sectional data. Secondly, when using
an IV-probit, the first equation (endogenous variable) is
estimated not only considering the identified instrument,
but also all the exogenous variables included in the
second equation. Consequently, we are not able to con-
trol which instruments to use in the first equation. In the
case of a RBPM, we can select which variables will

explain each equation, and for this reason, it represents a
better option of model estimation considering the pur-
pose of the study.

In the present study, the dependent variable of the
first equation (y1i), the endogenous variable, refers to
firm innovation behavior. The dependent variable of the
second equation (y*2i) refers to the extent to which firms
may be financially constrained. Explanatory variables
included in the first equation refer to determinants of
innovation activities (Scherer 1965; Crépon et al. 1998;
Smolny 2003; Savignac 2008), namely firm character-
istics (size, age, type of ownership, and international
position of sales) and the degree of competition (proxy
for market power).

The second equation is based on the model of Aghion
et al. (2004), where being a financially constrained firm
is explained by innovation behavior and firms’ charac-
teristics. According to the literature, firm characteristics
include size, age, type of ownership, activity sector,

Access to finance
in the last 6 months

April – September (2015 – 2018)

�
Growth ambitions 

for next years

Innovation behavior in the last 12 months

August (2014 – 2017) – September (2015 – 2018) 

Fig. 1 Conceptual framework timeline. Source: Authors’ own elaboration
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international position of sales, and firms’ liquidity indi-
cators (decrease of sales and increase of cost and in-
creased own capital). We also add to the model other
factors able to explain the dependent variable, such as
factors in the financial market limiting future finance for
growth, and the importance of factors for future financ-
ing. As regards these last groups of explanatory vari-
ables, they included factors explaining market condi-
tions in the financial market, namely obstacles and
limitations identified by firms, which could influence
future financing and explain the financing constraints.
These explanatory variables include factors that can be
considered as problems on the supply side (such as
collateral requirement, price, and bureaucracy) and var-
iables that reflect potential solutions (important factors
to obtain future financing) to facilitate access to finance.
A positive relationship between these explanatory vari-
ables and the dependent variable (to be financially
constrained) could indicate that the more important an
obstacle for future financing, the more difficult it is for a
firm to access external finance. On the other hand, a
negative relationship between these explanatory vari-
ables and the variable of interest could indicate that
policy intervention in this area or for this kind of firm
is less relevant. Both equations also included country
and industry fixed effects, which allow capturing the
demand for external finance. For more details about
variables’ definition see Table S1 in Supplement
material.

One possible answer to the question “what is the
most limiting factor to get future finance to realize
growth ambitions” in SAFE is “financing non-
available at all.” Due to a potential tautological9 issue
between this variable and the dependent variable of
being financially constrained, we excluded all firms that
selected this factor, since the answer provided by firms
to that question is exclusive, i.e., firms can only identify
one limiting factor as an answer to this question.

A main assumption of the present analysis is that
future expectations in terms of financial needs can be
used to predict whether the current access to finance
represents a pressing problem. In order to test this hy-
pothesis, a preliminary analysis based on a univariate
probit10 confirmed that the firm’s present financial

condition can influence future expectations in terms of
access to finance, and consequently, we could expect the
inverse relationship also to be true.11

Furthermore, as a complementary analysis, we
reproduced the same exercise by innovation strategy
(simple and complex innovation12) and typology (prod-
uct, process, organization or marketing innovation).
Lastly, we estimated two univariate probit models for
firms that reported beeing financially constrained, one
with a sub-sample composed only of innovative firms
and a second with only non-innovative ones. The aim is
to assess differences as regards firms’ perception of the
characteristics of the supply side of the financial market.

All regression estimations are weighted,13 in order to
control for firms’ characteristics (size, industry sector
and country) representativeness in their country and in
the EU. We used the weight variable present in the
SAFE database, where the weight of each enterprise is
adjusted in each size class, economic sector, and
country.

5 Results and discussion

5.1 Sample description: financially constrained vs.
non-constrained firms

Table S2 in supplement material reports the distribution
of the sample by firm characteristics and financial indi-
cators. The sample is composed of micro (32%), small
(34%), and medium-sized firms (34%). Around 80% are
more than 5 years old. Regarding the distribution by
sector, all categories are quite well represented, despite a
higher proportion of services to businesses or individ-
uals (38%) and a smaller one for the construction sector
(11%). Nearly 54% of firms sold their goods and/or
services in foreign markets in the previous year.

9 By tautological relationship, we mean that x does not cause y (non-
causal relationship) since x is just another way to reflect the same
statement reported by y.
10 Results available upon request.

11 This preliminary analysis revealed that a one-unit increase in the
degree of perceiving access to finance as a pressing problem leads to an
increase in the likelihood of perceiving future financing as not available
by 2.3% and being financially constrained at present increases by
15.5% the probability of perceiving future financing as not available.
12 Simple innovation means that firms introduce only one type of
innovation among the four listed, whereas a complex innovation strat-
egy corresponds to the introduction of more than one type of
innovation.
13 As robustness tests (results available under request), we estimated a
non-weighted regression, and the results obtained with and without the
use of sampling weight are almost the same. Despite some differences
in the size of coefficient, the conclusions are the same.
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About 64% of the respondents have launched at
least one type of innovation14 in the market or their
own organization (such as a new process, work
restructuring, or new way of selling) (Table S3 in
supplement material). More than half of innovative
companies have adopted a complex innovation strat-
egy, introducing two or more innovation types
among the four listed. Product innovation is the
typology the most frequently introduced by firms in
the market (39%), while, marketing innovation is the
least one (28%). Concerning differences between
innovation behavior by sector, Table S4 in the sup-
plement material reveals that firms operating in in-
dustry sector are more innovative as regards to in-
novation strategy and typology, except for marketing
innovation, which is more frequent in firms operat-
ing in trade and services sectors. Firms located in
North and South of Europe report a higher likeli-
hood to be innovative and a higher propensity to
implement a complex innovation than firms in Cen-
tral Europe.

Financially constrained firms and non-financially
constrained ones (Tables S2 and S3 – supplement ma-
terial) show significant differences in almost all catego-
ries. Innovative, smaller, and younger firms are more
frequently financially constrained. Nearly 39% of the
observed firms have increased their own capital in the
last 6 months, and non-financially constrained firms
show a higher growth of their own capital in comparison
with their counterparts. Around 8% of the sample have
experienced in the last 6 months, a simultaneous de-
crease in turnover and an increase in costs; however, it
seems that non-statistical differences between groups
exist.

Approximately 44% of the sampled firms reported no
obstacles for obtaining future financing to realize their
growth ambitions, despite around 23% of them declared
to be financially constrained. Insufficient collateral or
guarantee (17%) and too high interest rate or price
(15%) were the two most commonly obstacles reported
by firms. Differences of means between financially
constrained and non-constrained firms are observed in
all limiting and important factors to get future financing.

5.2 Interpretation of model estimations: financing
constraints for growth ambitions

Starting with the estimation of a univariate probit model
where innovation behavior is considered an exogenous
variable (column 3 in Table S8 - supplement material),
we observe that being an innovative firm has a positive and
significant effect on the probability of being financially
constrained. Nevertheless, when testing for endogeneity of
innovation behavior, including those in an equation system
composed of two probit models (first equation referring to
innovation behavior and the second to the probability of
being financially constrained), the results of RBPM esti-
mation (Table 1) show a significant negative correlation
between the errors of both equations (ρ = − 0.79). This
conclusion means that to obtain consistent estimators, both
probit equations need to be estimated jointly, in order to
control for endogeneity bias.

The negative value of ρ also means that the existing
bias due to endogeneity lowers the effect of innovation
behavior on the firm’s financial statement of being
financially constrained. This assumption is confirmed
when we compare the results of the coefficients of
innovation behavior obtained with the univariate prob-
it15 (β = 0.0895) and the recursive bivariate probit (β =
1.351). This difference reveals that unobservable firm
characteristics affecting both equations and the selection
process play a vital role and need to be considered to
reduce potential bias.

The multicollinearity diagnostic (Table S6 in
supplement material) performed using a correlation ma-
trix shows that our independent variables are not corre-
lated with each other, leading to precise estimation.

Regarding the suitability of the first equation, column
(1) of Table 1 shows that our exclusion restriction
(competition pressing problem) is statistically signifi-
cant and the explanatory variables are the expected
signs. Competition, being equity-backed firms and the
presence in international markets (exporter) have a pos-
itive impact on the likelihood to innovate. Larger and
younger firms are also more likely to innovate, in line
with scientific literature. As results of eq. 1 are consis-
tent, it could be considered as a good predictor of
innovation behavior, which affects the probability of
being financially constrained.

The results of the second equation reveal that after
controlling for endogeneity and firms’ characteristics,

14 This proportion of innovative firms is a little higher than the per-
centage of innovative firms in the last Community Innovation Survey
(CIS) of 49%, but if we consider the whole sample, this value is closer
to the 2014 CIS, with a representativeness of 60%. This finding
suggests that in the group of firms with growth ambitions, there is a
higher proportion of innovative firms. 15 Not reported, but available upon request.
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being an innovative firm has a positive and significant
effect on being financially constrained and increases the
probability of having difficulties in accessing external
finance by 32%, everything else being equal. This result
is also in line with the conclusions of Lee et al. (2015),
who found that being an innovative firm increases the
probability of facing strong credit rationing between 20
and 40%.16

As expected and in line with Savignac (2008) and
Coad et al. (2016), external financing constraints de-
crease if firms have improved their capital provided by
owners or shareholders, and if firms sold their goods and
services in the international market. For instance, being
an exporter decreases by 3.6%, the probability of being
a financially constrained firm.

Nevertheless, no significant evidence was found
concerning the effect of different types of ownership,
firm age and size,17 and the loss of cash flow due to a
simultaneous decrease of turnover and an increase of
costs on the likelihood of being financially constrained.

Regarding the main factors limiting future financing
for firms’ growth ambitions, the results of marginal
effects (column 6 in Table 1) illustrate that firms’ insuf-
ficient collateral or guarantee (10%), bureaucracy
(5.8%), and too high an interest rate or price (5.2%)
are the factors with the highest impact on the probability
of being financially constrained.18

Concerning the degree of importance of factors for
firms’ financing in the future, marginal effects of RBPM
show that guarantees for loans (1.1%), making existing
public measures easier to obtain (0.064%) and measures
to facilitate equity investment (0.6%) have the highest
impact on the probability of being financially
constrained. Business support services for firms do not
appear to be a significant factor explaining the depen-
dent variable. Tax incentives are among the factors with

the lowest significant positive effect, despite this factor
being the one with the highest score reported by sur-
veyed firms. This may reveal that although important,
this instrument is not the most relevant to solve the
problem of financing constraints.

A cross-country analysis (Fig. 2) shows that in EU28
the average probability of being financially constrained
for firms with growth ambitions is 5.6%. Firms located
in Cyprus (20.7%), Greece (18.5%), and Romania
(12.5%) are much more constrained than the EU aver-
age, whereas those in Luxembourg (1.9%), Slovakia
(2.5%), and Estonia (3.1%) are less constrained.

5.3 Complementary analysis: assessing differences
regarding innovation strategy

As a complementary analysis, we performed the same
exercise by innovation strategy and typology. The re-
sults of the RBPM are reported in Table S9 in the
supplement material. Table 2 displays the marginal ef-
fect of innovation behavior, showing that both innova-
tion strategy (simple and complex) and all the four
typologies have a positive and significant effect on
being financially constrained. Their marginal effect
range between 20.7 and 28.7%. The results of the Z-test
to assess differences between coefficients reveal that
firms introducing a complex innovation are more finan-
cially constrained than that gambling for a simple inno-
vation strategy. Regarding differences between the in-
novation typologies no statistical differences were
found.

Lastly, to assess differences between innovative and
non-innovative firms concerning the determinants of
financing constraints, we also estimated a univariate
probit regression for being financially constrained for
each group. The marginal effects of the main explana-
tory variables under analysis are displayed in Table 3.

Regarding the main factors limiting future financing
for firms’ growth ambitions, for both innovative and
non-innovative ones, firms’ insufficient collateral or
guarantee is the factor with the highest impact on the
probability of being financially constrained, compared
to a situation with no obstacles. Excluding the category
of other factors not listed, all the factors do not affect
differently both groups.

Concerning the importance of different factors in
obtaining future financing, for both groups guarantees
for loans, making existing public measures easier to
obtain and measures to facilitate equity investments

16 Lee et al. (2015) assessed firms’ difficulties in accessing finance
using as dependent variables: (i) having difficulties in obtaining fi-
nancing; (ii) not receiving all the financing requested in the application;
(iii) not receiving any finance from first or any source. In order to
compare results, we estimated the marginal effect on the basis of the
coefficient reported in the mentioned paper for “not receiving any
financing after application submission,” because this situation refers
to stronger credit rationing than not receiving all of what was requested
or simply finding trouble in receiving financing.
17 Even if the scientific literature highlighted that smaller and younger
firms are more financially constrained, in the present analysis both
variables are non-significant, probably because other indicators capture
firm size and age effects.
18 Compared to a situationwith no obstacles, excluding the category of
other factors not listed (9.3%).
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are the most relevant factors. Furthermore, for innova-
tive firms the first two (guarantees for loans and public
support) report even a higher effect in comparison with
non-innovative ones, once their coefficients are statisti-
cally different.

For both groups, the importance of tax incentives
displays the smallest effect in comparison with the other
significant variable in this category. These findings sug-
gest that on the one hand, firms for which tax incentives
are a relevant factor in future financing are less finan-
cially constrained, perhaps because this policy measure
implies financial compensation for an investment, or an
expenditure already made. Hence, firms have a priori

financial resources to do so. On the other hand, consid-
ering that financing constraints are essentially linked
with liquidity problems, the lesser importance of tax
incentives could be due to the inappropriate use of this
instrument in all stages of the firm’s life and product
cycle. Indeed, tax incentives for R&D provide financial
support at the starting point of the innovation process,
but do not help firms in the next steps, to place innova-
tion in the market.19 To obtain financial resources for

19 Firms’ additional current expenditure linked with the introduction of
innovation in the market, such as the cost of purchasing raw materials
is not an eligible cost (for more details, see the framework for State aid
for R&D and innovation—EC 2014).

Table 1 Results of recursive bivariate probit model

Variables Equation 1: being an innovation firm Equation 2: being financially constrained

Coeff. Std. err. dy/dx Coeff. Std. err. dy/dx
(1) (2) (3) (4) (5) (6)

Innovative firm - - 1.351*** (0.053) 0.319

Size: micro −0.085*** (0.021) −0.031 0.036 (0.024) 0.009

Age: old firm −0.176*** (0.024) −0.064 −0.023 (0.027) −0.005
Ownership: public 0.072 (0.064) 0.026 −0.099 (0.068) −0.023
Ownership: VC and BA 0.233** (0.112) 0.085 −0.070 (0.116) −0.016
Exporter 0.270*** (0.020) 0.099 −0.153*** (0.025) −0.036
Competition 0.033*** (0.004) 0.012 – -

Dec. turnover and inc. costs - - - 0.009 (0.026) 0.002

Increase own capital - - - −0.037* (0.021) −0.009
Obstacle: collateral - - - 0.424*** (0.031) 0.100

Obstacle: price - - - 0.222*** (0.031) 0.052

Obstacle: loss of control - - - 0.095* (0.052) 0.022

Obstacle: bureaucracy - - - 0.247*** (0.036) 0.058

Obstacle: other - - - 0.394*** (0.034) 0.093

Importance: guarantees for loans - - - 0.0461*** (0.004) 0.011

Importance: easier access to equity - - - 0.025*** (0.004) 0.006

Importance: export credit - - - 0.011*** (0.004) 0.002

Importance: tax incentives - - - 0.012** (0.005) 0.003

Importance: business support services - - - 0.005 (0.005) 0.001

Importance: easier access pub. measures - - - 0.027*** (0.005) 0.006

Activity, country and wave dummy Yes Yes

Constant 0.320*** (0.061) −2.618*** (0.080)

Observations 27,546 27,546

Log-likelihood functions −19,036.5
Wald test—H0: all coefficients = 0 0.000

Coefficient correlation: rho −0.791
Wald test—H0: rho = 0 0.000

Authors’ own elaboration based on SAFE database (2014–2018)

Weighted regression. Robust standard errors in parentheses. Significance: ***p < 0.01, **p < 0.05, *p < 0.1 Reference category for firm
size: small and medium; for age: young and mature; for main ownership: all other categories (one or more individuals, other enterprises and
others not listed); for obstacles: no obstacles
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cash flow, firms can usually resort to a credit line or
bank overdraft. However, a recent study (Cincera and
Santos 2018) showed that innovative firms, due to their
riskier activities, have to pay a higher interest rate and
are more likely to see the collateral requirement in-
creased than non-innovative firms. These conclusions
are in line with the findings of the present study, where
guarantees for loans are one of the main causes of firms’
problems in accessing finance.

6 Conclusion and policy recommendations

The present study presents a direct assessment of financ-
ing constraints through the anonymous survey of SMEs
in the euro area (SAFE) as regards access to finance.
Using a recursive bivariate probit model, the paper
contributes to the literature, firstly by identifying which
factors on the supply side of the financial market have
the most impact on hindering firms’ access to finance
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Fig. 2 Average probability of innovative firm to be financially
constrained, by country. Authors’ own elaboration based on SAFE
database. Results refer to descriptive statistics (weighted mean) by

country of the estimated probability of being financially con-
straints and to be an innovative firm. Figure S2 in supplement
material shows the geographical distribution of the sample.

Table 2 Marginal effect of innovation strategy and typology: effect of innovation behavior on being financially constrained (results of
RBPM)

Variables dy/dx Std. err. z P > z

Simple Innovation 0.207 0.029 7.08 0.0000

Complex Innovation 0.284 0.024 11.69 0.0000

Product Innovation 0.229 0.034 6.80 0.0000

Process Innovation 0.211 0.042 5.07 0.0000

Organization Innovation 0.287 0.022 13.33 0.0000

Marketing Innovation 0.273 0.023 12.09 0.0000

Results Z-test differences between coefficients

Simple vs. complex innovation 2.01 0.0442

Product vs. process innovation 0.34 0.7340

Product vs. organization innovation 1.45 0.1467

Product vs. marketing innovation 1.08 0.2817

Process vs. organization innovation 1.63 0.1038

Process vs. marketing innovation 1.31 0.1913

Organization vs. marketing innovation 0.46 0.6447

Authors’ own elaboration based on SAFE database (2014–2018)

Results refer to marginal effect of innovation variable included in the RBPM of Table S9 in supplement material
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and secondly assessing how far innovative behavior can
induce financing constraints.

The results show that some firms are more
constrained and have more difficulties in accessing ex-
ternal finance. Both internal and external factors affect
firms’ access to financing.

Innovative firms are more constrained and are be-
tween 21 and 32% more likely to be financially
constrained than their non-innovative counterparts.

Concerning characteristics of the supply side of the
financial market, insufficient collateral, too much paper-
work is involved and too high-interest rate appear to be
the most important factors limiting access to future
finance. Besides, guarantees for loans, easier access to
equity financing, and to direct public support are re-
vealed to be the best solutions to alleviate firms’ financ-
ing constraints. In fact, the last two instruments are
alternatives to traditional bank debt, usually risk adverse
and with a high collateral requirement. On the other
hand, tax incentives (indirect public support) seem to
be the least relevant factor in alleviating firms’ financing
constraints. A possible explanation for this finding

could be that this policy measure implies a finan-
cial compensation for an investment or expenditure
already made, so firms have a priori financial
resources to do so. To obtain financial resources
for cash flow, firms can usually resort to a credit
line, but this short-term debt is also associated
with the need for guarantees, so an alternative
solution to finance cash flow with no collateral is
to ask an equity investor for support.

All these conclusions open up new suggestions for
policymakers. As a complement to direct or indirect
support for R&D and innovation (more focused on
investment in fixed assets), innovative companies also
need financial support for daily activities. Launching a
new product on the market has not only new production
costs but also implies higher working capital needs, in
order to pay suppliers and workers while the company
finds new customers or markets and generates liquidity.
Making venture capital operations easier, providing ac-
cess to credit lines or secured loans could be comple-
ments to direct and indirect support to reduce the financ-
ing pressure on innovative firms in Europe.

Table 3 Marginal effects of probit model: being financially constrained, by innovation behavior

Variables Innovative firm Non-innovative firm Z-test

dy/dx dy/dx z P > z

Obstacle: collateral 0.102 *** 0.090 *** 1.063 0.288

Obstacle: price 0.055 *** 0.038 *** 1.431 0.152

Obstacle: loss of control 0.040 *** 0.023 0.688 0.491

Obstacle: bureaucracy 0.062 *** 0.050 *** 0.867 0.386

Obstacle: other 0.102 *** 0.072 *** 2.427 0.015

Importance: guarantees for loans 0.012 *** 0.009 *** 1.747 0.081

Importance: easier access to equity 0.006 *** 0.006 *** 0.414 0.679

Importance: export credit 0.004 *** 0.001 1.341 0.180

Importance: tax incentives 0.003 ** 0.003 ** 0.013 0.989

Importance: business support services 0.001 0.003 ** 0.800 0.424

Importance: easier access to public measures 0.008 *** 0.004 *** 2.105 0.035

Firms’ characteristics YES YES

Firms’ liquidity indicators YES YES

Activity, country, and wave dummy YES YES

Log-likelihood functions −6157.19 −2881.8
Pseudo R2 0.1146 0.1175

Number of observations 17,532 10,014

Authors’ own elaboration based on SAFE database

Robust standard errors in parentheses. Significance: ***p < 0.01, **p < 0.05, *p < 0.1. Complete results available upon request. The
reference category for obstacle to future financing it is no obstacles
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