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Abstract
This paper investigates the relationship between profit efficiency, finance and inno-
vation. By adopting stochastic frontiers, we pioneer the use of a novel dataset merg-
ing firm level survey data with balance sheet information for a large sample of 
European companies. We find that firms having difficulties in access to finance as 
well as firms introducing product innovation display an incentive to improve their 
efficiency. While innovation produces benefit for firms’ profitability, financial con-
straints impose a discipline to the firms forcing them to cut unproductive costs that 
reduce the profitability. We document nuanced differences between firms in indus-
try and services, while they are more pronounced when we look at disaggregation 
across High-Tech and Low-Tech companies. From a policy perspective, our results 
enrich the understanding on the link between innovation, financial constraints and 
efficiency, which goes beyond the idea that easier access to finance is the panacea to 
get higher performance.
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1 Introduction

This study assesses how firms’ performances can stem from innovation efforts and 
financial friction in credit access by using the perspective of the economic efficiency 
approach.

From a broader perspective, the relation between performance, innovation growth 
and their links with finance has been well documented in the literature (Acemoglu 
et  al., 2006; Aghion et  al., 2010; Bartelsman et  al., 2013; Love & Roper, 2015). 
Technological innovation is indeed a critical element in enhancing and fostering 
firm performance and therefore is considered a conductor of economic develop-
ment (Acemoglu et  al., 2006; Aghion & Howitt, 1998; Archibugi & Coco, 2004; 
Goedhuys & Veugelers, 2012; Grossman & Helpman, 1991; Romer, 1990). Through 
research and development (R&D) activities, firms are able to launch new products 
and services for the market, which allow them to attain a strategic advantage over 
competitors (see among others, Dosi et al., 2015; Love & Roper, 2015; Ferreira & 
Dionísio, 2016).

The literature has also underlined that the growth ambitions of firms are often 
compromised or weakened by the presence of financial constraints, which are par-
ticularly binding for small- and medium- sized enterprises (SMEs) that often suffer 
from lack of transparencies on their credit records, lack of own capital and abil-
ity to provide collateral (Acharya & Xu, 2017; Becker, 2015; Cowan et al., 2015; 
Pigini et  al., 2016).When financial frictions are strong, such as during the recent 
great financial crisis (Agénor & Pereira da Silva, 2017; Carbo-Valverde et al., 2015), 
enterprises tend to counteract their adverse impact on profitability by reducing 
investment activities and, in particular, by abandoning innovation projects (García-
Quevedo et al. 2018).

However, looking closely at the complex links of firm efficiency with innova-
tion and financial constraints, we discover that they remained largely unexplored 
in the literature and they deserve additional scrutiny. More specifically, while few 
studies—closely related with our research target—have investigated the interplay 
between efficiency and financial constraints (Bhaumik et al., 2012; Maietta & Sena, 
2010; Sena, 2006; Wang, 2003), the academic research directly focusing on the rela-
tion between innovation and firm profit efficiency is relatively scant. In fact, the lit-
erature has rather concentrated on the link between innovation and firm profitability 
or firm performance from one side (i.e., Koellinger, 2008; Lööf & Heshmati, 2006; 
Shao & Lin, 2016), and on the effect of R&D activities on innovation efficiency, 
from the other side (i.e., Yang et  al., 2020; Zhang et  al., 2018). Furthermore, by 
focusing on productivity, several studies have explored the effects that financial 
constraints will exert on firm productivity—without tackling the perspective of eco-
nomic efficiency (Butler & Cornaggia, 2011; Ferrando & Ruggieri, 2018; Jin et al., 
2019; Midrigan & Xu, 2014). Others have focused on the link between innovation 
efforts and firm productivity (Calza et al., 2018; Dabla-Norris et al., 2012; Dai & 
Sun, 2021; Kumbhakar et al., 2012), showing that enterprises, particularly European 
ones, display a low ability to translate R&D activities into productivity gains (Cas-
tellani et al., 2019; Ortega-Argilés et al., 2015).
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Building on these research inputs, our paper aims at filling the gap in the litera-
ture by providing, in a unified framework, novel evidence on whether innovations 
efforts and obstacles in access to finance affect firms’ profit efficiency. The empirical 
analysis relies on a unique firm-level dataset comprising a large sample of European 
SMEs and large enterprises over the period 2012–2017. The investigation compares 
firm profit performance across sectors taking into account also the technological and 
knowledge-intensive content of their activities.

Our main contributions to the literature move along the following three 
dimensions.

First, to the best of our knowledge, there are no other studies that test in a unified 
framework whether innovation efforts and financial constraints exert a significant 
effect on firms’ performance. In particular, we enrich our understanding on firms’ 
performance by adopting the stochastic frontier approach (SFA) to estimate profits 
functions and to obtain efficiency scores for a sample of European firms.

As well known in the literature, profit efficiency measures the distance between 
the current profit of a firm and the efficient profit frontier (Berger & Mester, 1997). 
Compared to cost/revenue efficiency and other measures based on financial ratios, 
profit efficiency is able to account for the overall firm performance (Arbelo et al., 
2021; Chen et al., 2015; Pilar et al., 2018).

To estimate profit frontiers, we prefer to use the SFA, proposed by Battese and 
Coelli (1995), which offers several theoretical and empirical advantages. First, it 
allows to formulate a model for inefficiency in terms of observable variables (Coelli 
et al., 2005; Kumbhakar & Lovell, 2000) and second, by exploiting the panel dimen-
sion of the data, it allows to overcome the shortcomings of time-invariant firm-level 
inefficiency, while benefitting from easier identification and smaller bias (Cornwell 
& Smith, 2008; Greene, 2005, among others).

Second, we pioneer the use of a novel dataset that merges firms’ survey-based 
replies derived from the European Central Bank Survey on access to finance for 
enterprises (ECB SAFE) with their financial statements—taken from AMADEUS 
by Bureau van Dijk (BvD). From the survey data, we retrieve harmonized and 
homogeneous information on several aspects of financial constraints and innovation 
for a large set of European countries. From the financial statements, we make use 
of output and input variables to be included in the production frontier as well as of 
other financial information useful to define firms’ characteristics. In fact, this unique 
dataset allows us to rely on various indicators of financial constraints and innova-
tion activities. The literature has underlined the difficulties in directly measuring the 
financial constraints and have relied on indirect proxies (Farre-Mensa & Ljungqvist, 
2016). By contrast, we use both perceived and objective indicators of financial con-
straints based on the qualitative responses of surveyed firms and we complement 
them with a quantitative measure based on the cash flow available to firms (Fazzari 
et al., 1988).

Third, to consider the different technologies and production functions across 
sectors, we complement our dataset with the Eurostat classification on high-tech-
nology/knowledge-intensive sectors. We then estimate different frontiers for two 
main productive sectors—Industry and Services—and for two main technological 
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sectors—High-technology and Low-technology sectors- as well as for their subsec-
tors, up to 5 distinct macro sectors.

This approach allows us to exploit an alternative sectoral heterogeneity—in a 
similar fashion to Baum et  al. (2017) and to Pellegrino and Piva (2020)—which 
might bring novel evidence on the topic. In fact, high-technology/knowledge-inten-
sive companies in industry and services turn to be more like to each other than high 
technology/knowledge-intensive and low technology/knowledge intensive within the 
two sectors.

Based on a variety of model specifications, we document that innovation has an 
important impact on firms’ profit efficiency. Additionally, bearing in mind that poli-
cymakers and economists generally agree that well-functioning financial institutions 
and markets contribute to economic growth (Urbano & Alvarez, 2014), we provide 
evidence that, in the presence of market failure, financial constraints induce firms to 
improve efficiency. We also contribute to the literature by providing novel evidence 
on the effects of debt maturity and the cost of debt for the efficiency decisions of 
firms. We find that firms with long-term debt tend to increase efficiency. As for the 
cost of debt, the impact is different depending on the sector in which a firm operates. 
More precisely, firms operating in Services seem to have more stringent cost bur-
den on the debt side impacting negatively on profit efficiency. An opposite picture 
emerges for firms in the manufacturing sector. This supposedly occurs because of a 
better bank-firm relation that seems to favor firms operating in the traditional manu-
facturing sector. Finally, we document the presence of heterogeneity across tech-
nology and knowledge-based sectors. Specifically, for high-technology and high-
knowledge-intensive companies product innovation has a strong positive impact on 
profit efficiency, while for low-technology and low-knowledge-intensive companies 
product innovations negatively affect firms’ efficiency.

The rest of the paper is organized as follows. The next section highlights the theo-
retical background and the research hypotheses. In Sect. 3 we present the methodo-
logical issues, and we describe the firm-level database as well as the empirical mod-
els. The estimated results are presented in Sect. 4, while the last section concludes.

2  Theoretical background and research hypotheses

Efficiency in production function focuses on the relationship between inputs and 
outputs, and a production plan is called efficient if it is not possible to produce 
more using the same inputs, or to reduce these inputs leaving the output unchanged 
(Farrell, 1957). The presence of frictions either in terms of agency problems, lags 
between the choice of the plan and its implementation or inertia in human behavior 
and bad management, can drive observable data away from the optimum production 
plan (Leibenstein, 1978) and create instances of technical inefficiency.

Focusing on the economic efficiency perspective to assess firms’ performance, 
in this section we shortly refer to the theoretical and empirical evidence related to 
our research. From one side we consider the link between performance, profit effi-
ciency and financial constraints; on the other side the link between performance, 
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profit efficiency and innovation. Building on those links we develop our research 
hypotheses that provide the backbone of our empirical model.

2.1  Performance, technical efficiency and financial constraints

It is well known that financial frictions influence firm performance (Farre-Mensa 
& Ljungqvist, 2016) and the issue of financial constraints has been investigated 
in literature using different theoretical perspectives, such as monetary policy 
(Bernanke et al., 1996), corporate finance (Hanousek et al., 2015) and entrepre-
neurship (Kerr & Nanda, 2009, Kerr & Nanda, 2015).

Looking at the link between finance and productivity, some studies argue that 
lower financial constraints exert a positive effect on productivity and growth 
(Aghion et al., 2010, and Aghion et al., 2012, for France, and Manaresi & Pierri, 
2017, for Italy) as firms exposed to higher financial constraints lower their 
investment, in particular on assets that have a strong impact on productivity. 
By contrast, the strand of the literature focusing on the cleansing “Schumpet-
erian” effect of financial constraints points to the fact that the highest productive 
firms crowd out the least efficient ones. In the environment of low real interest 
rates and low  financial constraints which characterized the period just before 
the financial crisis, the cleansing mechanism has been weakened with a detri-
mental impact on average productive growth (Cette et al., 2016; Gopinath et al., 
2017). Interestingly, Jin et al. (2019) show that financial constraints might have 
two opposite effects on the firm productivity: from one side financial constraints 
increase productivity because they force to clean-out “sub-optimal investment”; 
on the other side they harm productivity, because the scarcity of financial 
resources reduce the “productivity-enhancing investment”.

If we look at the effect that financial constraints exert on firm efficiency, it 
is indisputable that the increase in the cost of borrowing has a negative impact 
on firms’ performance in terms of investment activity. Due to the presence of 
information asymmetries, borrowing external funds for firms turn to be more 
expensive than using internal finance (Nickell & Nicolitsas, 1999). In presence 
of binding financial frictions, enterprises tend to counteract their adverse impact 
on profitability by reducing investment activities and improving their efficiency 
in order to reduce the risk of failure (Bhaumik et  al., 2012; Maietta & Sena, 
2010; Sena, 2006).

The preceding arguments lead us to test whether being financially constrained 
has an impact on firms profit efficiency, by formulating the following hypothesis:

H1 Binding finance constraints exert a positive effect on firms’ efficiency, as debt 
constrained firms try to reduce their risk of failure.

While this hypothesis has already been researched in the literature, our empir-
ical testing based on survey and balance sheet data is quite novel and could con-
tribute to the actual debate.
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2.2  Performance, technical efficiency and innovation

Our second working hypothesis relates to the innovative activity of companies. 
While it is easily recognized the central role of innovation as engine of economic 
growth (Grossman & Helpman, 1991; Romer, 1990; Solow, 1957), the relation-
ship between innovation and efficiency in production is more complex and con-
tingent to several factors.

Starting from the seminal work of Griliches (1979), the literature has investi-
gated the impact of R&D activities on productivity. Innovation can cause shifts 
outwards in the production frontier and this in turn might reduce the inefficiency 
of firms that do not lie on the technical efficient frontier (Aghion et  al., 2005; 
Nickell, 1996). More recently, a stream of the literature has documented that 
R&D activities contribute—with different nuances—in improving firm produc-
tivity (Heshmati & Kim, 2011; Janz et  al., 2004; Klette & Kortum, 2004; Lööf 
& Heshmati, 2006; Ugur et al., 2016), especially for high-tech sector (Castellani 
et al., 2019; Kumbhakar et al., 2012; Ortega-Argilés et al., 2015).

However, if innovation efforts are just inputs and do not generate innovation 
outputs they shall be considered as sunk costs that do not necessarily increase 
firm performance (Koellinger, 2008). Additionally, some scholars have also 
underlined the limited ability of firms, particularly European ones, in translating 
R&D efforts into productivity gains (Castellani et al., 2019; Ortega-Argilés et al., 
2015).

Looking more closely at the stream of literature on the impact of innovation 
on profitability, many papers provide support to a positive relationship (Cefis & 
Ciccarelli, 2005; Geroski et al., 1993; Leiponen, 2000; Lööf & Heshmati, 2006), 
which may arise because either innovative firms are able to shield their new prod-
ucts from competition, or they display higher internal capabilities, compared to 
non-innovators (Love et al., 2009).

By contrast, other studies do not find a clear relationship between technologi-
cal innovation and firm performance (Díaz-Díaz et  al., 2008), when analyzing 
either short term effects (Deeds, 2001; George et  al., 2002; Le et  al., 2006) or 
long term indirect effects (Schroeder et  al., 2002). Furthermore, the empirical 
evidence on the linkages between innovation and efficiency is mixed and, in some 
cases, it even documents a trade-off between them (Zorzo et al., 2017).

The link between innovation and performance is crucial also for the produc-
tivity literature that recognizes the strategic role of profit-seeking entrepreneurs 
investing on R&D activities for higher productivity, and, consequently, for higher 
economic growth (Bravo-Ortega & García-Marín, 2011; Castellani et  al., 2019; 
Foster et al., 2008; Kumbhakar et al., 2012; O’Mahony & Vecchi, 2009; Ortega-
Argilés et al., 2015).

We bring new evidence to the extant contributions by employing the economic 
efficiency approach to measure firm performance. As we focus on the output of 
innovation efforts (product innovation introduced by firms) rather than the inputs 
of innovations efforts (R&D investments), in our investigation we look at the sub-
sequent efficiency gains stemming from increasing revenues.
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Consequently, we would like to investigate whether undertaking innovation exerts 
an effect on firms’ profit efficiency by formulating our second working hypothesis as 
follows:

H2 Innovation output improves profit efficiency, as the developments of new prod-
ucts or services are aimed at attaining a strategic advantage over competitors and 
leveraging revenues.

3  Empirical setting

3.1  Stochastic frontier approach

In the previous section we introduced the theoretical reasoning of why the pres-
ence of financing constraints and the innovation efforts of firms may have a positive 
impact on profit efficiency. To test these hypotheses, we estimate the profit functions 
by employing the SFA, which is a stochastic method that allows companies to be 
distant from the frontier also for randomness (Aigner et al., 1977; Meeusen & van 
den Broeck, 1977).1 The SFA is a parametric method, which means that it assigns 
a distribution function to the stochastic component of the model and, thus, allows 
making inference. In our analysis we make use of the specification introduced by 
Battese and Coelli (1995), which permits the simultaneous estimation of the sto-
chastic frontier and the inefficiency model, given appropriate distributional assump-
tions associated with panel data. This approach improves, in terms of consistency, 
previous modeling based on two-step approaches.2

We estimate a two-inputs-one-output model described by the following Translog 
profit frontier.3

1 Econometric methods used to estimate the economic efficiency are largely employed in several strands 
of literature (among others, Aiello and Bonanno, 2018, and Zhang et al., 2021, for the banking sector; Le 
et al., 2018, Hanousek et al., 2015, and Bonanno, 2016, for manufacturing and non-manufacturing firms).
2 In the two-step approach, first inefficiency is estimated using a frontier and, in the second step, the esti-
mated efficiency-scores are the dependent variable in a subsequent regression (Greene, 1993). As shown 
by Lensink and Meesters (2014) and Wang and Schmidt (2002), the two-step approach suffers from the 
fact that the inefficiency is assumed to be identically and independently distributed in the main frontier 
equation, while it depends on other variables in the inefficiency equation.
3 We use the Translog function to model the form of frontiers (expressed in log-linear form), which 
satisfies the assumptions of non-negativity, concavity and linear homogeneity (Kumbhakar and Lovell, 
2000). We take into account the constraint of homogeneity in relation to input-prices (which requires the 
sum to one of the input price elasticities).
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where the dependent variable is the natural logarithm of value added over the cost 
of fixed asset calculated for each firm i at time t.4 Additionally, y represents the out-
put and is equal to the operating revenues; wl is the cost of labor (measured as the 
ratio between the personnel expenses and the number of employees), wk is the cost 
of fixed assets (measured as the ratio between the depreciation and total amount of 
fixed assets); α, β, δ and �  are the parameters to be estimated; v is the random error; 
u is the inefficiency. In the profit frontier, the inefficiency tends to reduce the profit, 
thus the composite error is equal to (v-u).

Equation (1) is an alternative profit function since it depends on inputs and out-
put, whereas actual profits depend on the prices of outputs. It uses the same vari-
ables as for a cost function, implying that output-prices are free to vary (Huizinga 
et al., 2001).5,6

The specification includes also a set of control dummies (controls) to guarantee 
that the efficiency scores are net of additional heterogeneity: at country level, c, to 
exclude any geographical and institutional fixed effect; at firm size level s, to take 
care of the possibility of different shifts in the frontier for different group of firms 
(Micro, Small and Medium)7 and at each survey round t to control for the dynamics 
over time.

We also take into account the different technologies and production functions 
across sectors by estimating different frontiers for several productive sectors: Indus-
try and Services and also two technological sectors—High-tech and Low-tech sec-
tors- using the Eurostat classification.8

From the Eq. (1), profit efficiency (PE) is the ratio between the observed firms’ 
profit and the maximum level of profit achievable in case of full efficiency:
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7 Micro and Small firms register a turnover less than 2 and between 2 and 10 million (euros), respec-
tively; Medium firms have a turnover between 10 and 50 million (euros); Large enterprises have a turno-
ver more than 50 million (euros). In our analysis Micro firms are the controlling group.
8 See Eurostat: https:// ec. europa. eu/ euros tat/ cache/ metad ata/ Annex es/ htec_ esms_ an3. pdf. Based on 
NACE Rev. 2 at 2-digit level Eurostat has compiled a classification of 12 sectors and subsectors accord-
ing to their degree of technology and knowledge intensity. In the paper, we use the main 5 sectors. The 
supplementary material section will report the estimations also for those 5 sectors.

4 We choose the value added to proxy profit as it includes both revenues and costs information. Moreo-
ver, by choosing this variable we overcome the practical problem of having too many negative values for 
the profit variable. Empirically, the correlation between value added and profit is very high.
5 Exhaustive discussions on alternative versus traditional profit efficiency are in Berger and Mester 
(1997) and Vander-Vennet (2002).
6 As in Berger and Mester (1997), Fitzpatrick and McQuinn (2008) and Huizinga et al. (2001), we trans-
form profits by adding the absolute value of minimum profit plus one to actual profits. This ensures that 
log(Profit) = log[π +|π^min |+ 1] is defined in [0, + ∞).

https://ec.europa.eu/eurostat/cache/metadata/Annexes/htec_esms_an3.pdf
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where Fp(.) indicates a generic profit function in which the profit is obtainable from 
producing y at input price w.

Finally, we assume that vit is normally distributed with mean zero and uit is 
distributed as a truncated Normal, as proposed by Battese and Coelli (1995), we 
estimate the following inefficiency equation:

where i indicates the ith firm, j the country, t is time and eit the random component.
Efficiency is time-varying, ensuring a change in the relative ranking among 

enterprises, which accommodates the case where an initially inefficient firm 
becomes more efficient over time and vice versa.

To test the effect of the determinants of firms’ efficiency, we simultaneously 
estimate Eqs. (1) and (3), by employing the following covariates for the Eq. (3):

(i) Finance constraintsit includes a set of variables able to capture firms’ expe-
rience in their access to finance. We consider three different alternative proxies 
of financial constraints. First, we use the ratio between cash flow and total assets 
(Cash flow/Total assetsit), as the dependence to internal finance represents a par-
ticularly binding constraint for firms to finance investment (Fazzari et al., 1988; 
Guariglia & Liu, 2014; Sasidharan et al., 2015). We are aware of the criticism of 
the subsequent literature on the use of this indicator (starting by Kaplan & Zin-
gales, 1995, and recently summarized in Farre-Mensa & Ljungqvist, 2016). For 
this reason, we turn to the information derived from the survey to define financial 
constrained firms.

Our second proxy of financial constraint is derived directly from the survey infor-
mation. Problem of Financeit captures firms’ perception of potential financing con-
straints. It is a dummy equal to one if firms reported that access to finance represents 
the most relevant problem among a set of other problems (competition, finding cus-
tomers, costs of production or labor, availability of skilled staffs and business regu-
lation), and 0 otherwise.

Our third financial friction indicator—Finance obstaclesit—is an “objective” 
measure of credit constraints, also derived from the survey. This dummy variable 
indicates firms as financially constrained if they report that: (1) their loan applica-
tions were rejected; (2) only a limited amount of credit was granted; (3) they them-
selves rejected the loan offer because the borrowing costs were too high, or (4) they 
did not apply for a loan for fear of rejection (i.e. discouraged borrowers). The indi-
cator is equal to one if at least one of the above conditions (1–4) is verified, and 0 
otherwise.

As shown in Ferrando and Mulier (2015), firms that self-report finance as the 
largest obstacle for their business activity display often different characteristics com-
pared with financially constrained firms. For instance, the authors find that more 

(2)PEit =
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profitable firms are less likely to face actual financing constraints, while firms are 
more likely to perceive access to finance problematic when they have more debt with 
short term maturity. For this reason, we consider both indicators in our analysis.

(ii) Product innovationit: is a dummy equal to one if a firm declares in the survey 
to have undertaken product innovation, and 0 otherwise.9 It is worth noting that this 
variable has the advantage of providing direct information on the innovation under-
taken by the firms, rather than the information on R&D investments, which do not 
necessarily turn into product innovation outcome. This is for us relevant as we need 
to assess how the innovation output will impact on revenues and therefore on profit 
efficiency.

(iii) In addition, we use some firm-varying covariates describing firms’ market 
and debt conditions, Firm controlsit. To capture the change in profitability—in a 
similar fashion to Srairi (2010) and to Luo et al. (2016)—we rely on two alternative 
measures. The first is Profit marginit, defined as net income divided by sales and 
the second Profit upit which is a dummy equal to one if the firm has experienced an 
increase in profit in the past six months, and 0 otherwise.10 We proxy firms’ debt 
conditions using the dummy Leverage upit which is equal to one if the firm has expe-
rienced an increase in the ratio debt/assets in the past six months, and 0 otherwise. 
In some specifications, we consider also the maturity structure of indebtedness and 
the debt burden in terms of interest expenses paid on total debt. Both variables are 
derived from the financial statements as explained in detail in the next section.

Finally, we use the real GDP growth rate as an additional time-country vary-
ing control for the business cycle, named macroeconomic controls (Ferrando et al., 
2017).

3.2  Data

In order to test our hypotheses, we rely on a novel dataset that merges survey-based 
data derived from the ECB SAFE with detailed balance sheet and profit and loss 
information gathered from BvD AMADEUS. We also augmented firm level data 
with the firms´ technological intensity provided by the Eurostat classification on 
high-tech industry and knowledge-intensive services.

SAFE gathers information about access to finance for non-financial enterprises 
in the European Union. It is an on-going survey conducted on behalf of the Euro-
pean Commission and the European Central Bank every 6 months since 2009. The 
sample of interviewed firms is randomly selected from the Dun and Bradstreet data-
base and it is stratified by firm-size class, economic activity and country. The firms´ 
selection guarantees satisfactory representation at the country level.

9 The information on this variable (question Q1 in the survey) is provided by SAFE every second wave, 
and refers to the previous 12 months, i.e. two waves. As the SAFE survey is conducted every six months, 
in order to restore this information at the wave round, we replicate this data for firms present on consecu-
tive waves.
10 In the empirical analysis we use this proxy when the measure of finance constraints is the Cash flow/
Total assets ratio because of the high correlation with the profit margin ratio.
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The combined dataset has several advantages. First, we retrieve harmonized and 
homogeneous information on several aspects of financial constraints and innovation 
from the survey dimension of the dataset. Second, we can use output and input vari-
ables to be included in the production frontier as well as other firm-level information 
useful to pursue our research trajectory (e.g. leverage compositions and profitability 
measures). Third, we are also able to disentangle the different technological charac-
teristics of the firms, high-, medium-, low-technology industries, and knowledge-
intensive and less knowledge-intensive services.

Our investigation is based on firms belonging to the following eight European 
countries (Austria, Belgium, France, Finland, Germany, Italy, Portugal and Spain)11 
observed from wave 8th (second part of 2012)12 until wave 17th (first part of 2017).

Moreover, we focus our analysis only on firms belonging to Industry and Ser-
vices.13 Our choice is driven by the following considerations. (i) they are the largest 
sectors (Industry accounts for about 19% of European GDP, and Services account 
for about two thirds of European value added (Eurostat Data, 2016). (ii) they have 
displayed divergent trends in recent years in terms of shares of value added to GDP 
with a declining trend for Industry and an increasing one for Services (Stehrer et al., 
2015). (iii) the two sectors differ also for their efficient allocation of resources as 
shown by the allocative efficiency index, which is particularly low for the Services 
(European Commission, 2013).

Our starting sample includes almost 30,000 observations, of which 53% are from 
the Industry sector and 47% from the Services sector. Once we take into consid-
eration the variable Product innovation, the sample reduces more than half to 7279 
observations for Industry and 5864 for Services. Table 1 displays some descriptive 
statistics of the variables used in defining the frontiers (Panel A) and the determi-
nants of efficiency (Panel B) for both sectors of activities. All balance sheet data are 
deflated using HICP index.

Regarding the production factors in Panel A, firms in Industry report on average 
higher operating revenues with lower labor and capital costs than firms in Services. 
Moreover, they are also on average bigger than firms in Services in terms of num-
bers of employees. From Panel B, our sample is mostly composed by SMEs by con-
struction of the survey.14 13.6% of firms in Industry and 14.3% in Services perceived 
access to finance as a major problem. A slightly lower percentage of firms (around 
11%) are financially constrained according to the objective indicator Finance obsta-
cles. Regarding the innovative activity, around 46% and 31% of firms have indicated 

11 The selection of those countries is driven by the availability of the data after the merge of surveyed 
firms in SAFE with the financial statements in the dataset from BvD AMADEUS.
12 This is due to the availability of the variable Product innovation from the 8th wave onwards in SAFE.
13 We use the 2-digit NACE classification used in the survey to define the two sectors. Industry includes 
manufacturing, mining, electricity, gas and water supply, while Services include construction, wholesale 
and retail trade, transport, accommodation, food services and other services to business or persons. We 
exclude public administration, financial and insurance services.
14 Albeit the focus of SAFE is on SMEs, the survey also provides information on large firms. As for Ser-
vices 12% of our sample are large enterprises. In the case of Industry, they are 16%.
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that they introduced product innovation in the previous six months in Industry and 
Services, respectively.

Turning to firms’ financial position, the average firm in our sample is profitable 
with a profit margin of 1.7% in both sectors, although looking at the distribution 
we see that at least 10% of all firms in our sample are reporting losses. On average, 
firms in our sample can generate internal funds (6.6% and 7.5% of total assets for 
Industry and Services, respectively). At the same time, at least 19% of companies 
are reporting increasing debt to total assets in the previous six months (Leverage 
up). In the table we report also some additional financial ratios to quantify better the 
financial conditions of firms in the sample: financial leverage and return on equity 
(ROE).15 On average, firms have a financial debt which is around 22% of total assets, 
while the return on equity ratios are just above 3%. This latter ratio, although rela-
tively low, shows some efficiency by firms in using their equity. It also emerges from 
the survey that the use of bank loans and credit lines are more relevant for firms 
operating in Industry (37% and 47%) than in Services (28% and 38%).16 Looking at 
the debt maturity structure, firms in the manufacturing sector tend to use on average 
the same amount of short- and long-term debt (50%), while those in the service sec-
tor report a slightly higher percentage of long-term debt (60%).17 As for the interest 
burden, this is slightly higher for firms in the service sector (7.9%) than for those in 
the manufacturing sector (7.5%).

Looking at size classes, our sample has a total of 2876 (3626) wave-firm obser-
vations of micro/small companies (up to 49 employees) in the Industry (Services) 
sector. The remaining observations belong to medium and large companies (from 
50 employees) for industry (4420) and for Services (2238). Common to other stud-
ies based on matched databases like ours, the sample composition in terms of size 
classes might not reflect the general distribution of the population of firms within 
the different countries. This is a caveat for our empirical results and, for this rea-
son, we perform some additional robustness checks based on firm size classes in 
Sect. 4.4.

Finally, in the Supplementary material, Figure S1 reports the sample composition 
by country and by industries. Most firms are from Italy, France and Spain, cover-
ing almost three quarters of all observations, which reflects mostly the fact that the 
country information on financial statements from BvD Amadeus is much higher for 
those countries.

15 The financial leverage is defined as the ratio of short- and long-term debt, excluding trade credit and 
provisions, to total assets while the return on equity (ROE) is the amount of net profit earned as a per-
centage of shareholders’ equity.
16 The variables Use bank loans, Use credit lines and Use bank credit capture firms’ use of banking 
products as reported by firms in the survey. They are dummy variables equal to 1 if one financing source 
is used by the firm and 0 otherwise.
17 Long-term debt is defined as the ratio between long term debt and total financial debt. Interest ratio is 
the ratio between the interest payable on short and long-term debt, accrued during the period covered by 
the financial statements, and total financial debt.
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4  Econometric results

4.1  The impact of innovation and finance constraints in industry and services 
sectors

In this section, we discuss the results of the maximum likelihood estimations of the 
profit functions for both Industry and Services. Following the approach proposed by 

Table 1  Descriptive statistics for profit functions and inefficiency equations

Source: our elaboration on data from ECB/EC SAFE & BvD AMADEUS
a For variables retrieved from ECB/EC SAFE
b For variables retrieved from BvD AMADEUS

Industry Services

N. obs Mean Standard deviation N. obs Mean Standard deviation

Panel A: Profit frontier
Added  valueb 7279 12,376 50,333 5864 8171 75,842
Operating  revenuesb 7279 45,179 160,000 5864 25,462 370,000
Labor  costb 7279 43.606 59.337 5864 50.714 293.230
Capital  costb 7279 0.236 0.631 5864 0.374 3.236
Log (added value/cost fixed 

asset)b
7279 10.042 2.030 5864 9.073 2.299

Log (operating revenues)b 7279 9.155 1.827 5864 7.815 1.944
Log (labor cost)b 7279 5.599 1.198 5864 5.501 1.427
Number of  employeesa 7279 205 2402 5864 169 1,495
Panel B: Inefficiency equation
Cash flow to total  assetsb 7279 0.067 0.082 5864 0.078 0.115
Problem of  financea 7090 0.136 0.343 5687 0.143 0.350
Finance  obstaclesa 5327 0.111 0.314 4091 0.108 0.310
Product  innovationa 7279 0.458 0.498 5864 0.314 0.464
Profit  upa 7279 0.320 0.466 5864 0.288 0.453
Profit  marginb 7090 0.017 0.085 5687 0.017 0.109
Leverage  upa 7279 0.190 0.392 5864 0.186 0.389
ROEb 7264 3.148 15.095 5842 3.336 14.351
Financial  leverageb 6936 0.216 0.191 5349 0.220 0.223
Use bank  loansa 7279 0.367 0.482 5864 0.277 0.448
Use credit  linesa 7279 0.468 0.499 5864 0.384 0.486
Long-term  debtb 5830 0.496 0.345 4343 0.600 0.360
Interest  ratiob 5,830 0.075 0.103 4343 0.079 0.112
Real GDP growth 7279 0.692 1.464 5864 0.795 1.652
Microa 7279 0.096 0.294 5864 0.325 0.468
Smalla 7279 0.299 0.458 5864 0.293 0.455
Mediuma 7279 0.448 0.497 5864 0.272 0.445
Largea 7279 0.157 0.364 5864 0.110 0.312
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Battese and Coelli (1995), the coefficients are obtained by simultaneous estimates of 
the profit efficiency frontier (Eq. 1) and the inefficiency term, expressed as a func-
tion of a set of explanatory variables (Eq. 3). We point out that in the framework of 
Battese and Coelli (1995), we can interpret only the sign and the significance of the 
estimated coefficients.

Before presenting the estimated results, we report some information on model 
diagnostics. All estimations in Table  2 show the appropriateness of the Translog 
specification used in the analysis. In fact, it turns out that most of the second-order 
terms parameter estimates (σ2) of the profit function are significant. In addition, the 
high value of the estimation of the γ parameter, reflecting the importance of the 
inefficiency effects, strongly advocates the use of the stochastic frontier production 
function rather than the standard OLS method.18 Finally, the Akaike Information 
Criterion (AIC) and the Bayesian Information Criterion (BIC) are used to provide 
some models diagnostics (Burnham & Anderson, 2004).19

Table 2 displays several model specifications (columns 1–3 for Industry, and 4–6 
for Services), which differ for the alternative inclusion of financial constraints as 
z-variables of the inefficiency equation.20

In the various specifications we take care of the likely high correlation between 
the cash flow ratio and the profit margin. Hence when we employ the continuous 
variable Cash flow ratio we use the dummy Profit up as our preferred profitability 
measure. When the financial constraints indicators are those derived from the sur-
vey (Problem of finance and Finance obstacles), we use the Profit margin, retrieved 
from balance sheet data.

Starting with Industry, all three measures of firms’ external financial constraints 
display a negative and significant coefficient, signaling, in the context of the Battese 
and Coelli (1995) model, lower inefficiency scores. Most likely, when the availabil-
ity of external finance decreases, financially constrained firms are forced to be more 
efficient in order to counter the potential adverse impact of financial frictions on 
their profitability. These findings provide support to our prediction (H1) and are in 
line with previous studies based on different countries and sample periods (Bhaumik 
et al., 2012; Maietta & Sena, 2010; Nickell & Nicolitsas, 1999; Sena, 2006).

Interestingly, we also find a negative and significant coefficient for the variable 
Product innovation. This indicates that the efforts of firms to develop new prod-
ucts or services—in order to attain a strategic advantage over competitors—pro-
duce some leverage on revenues. This evidence corroborates the prediction of our 

18 The variance σ2 is equal to the sum of the variances of the two error components: �2

u
 and �2

v
 . γ is equal 

to  �
2

u

�2
 where the zero value of this parameter indicates that deviations from the frontier are only due to 

random error, while values close to one indicate that the distance from the frontier is due to inefficiency.
19 AIC is equal to [2 k-2Log-likelihood], where k is the number of estimated parameters; BIC is equal to 
[ln(N. obs) k-2 Log-likelihood].
20 In order to exclude the possibility that our findings are driven by the contemporaneous presence of 
financial constraints and innovation, we run different specifications for Industry and Services, in which 
we introduce one by one the three proxies for financial constraints (without Product innovation)—Cash 
flow ratio, Problem of Finance, Finance obstacles—and the variable Product innovation (without the 
variables accounting for financial constraints). The main results on the impact of the different variables 
on efficiency are confirmed and are available upon request.
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hypothesis (H2).21 Our analysis also shows the relevance of the performance indica-
tors. In all specifications, the two alternative measures of profit (Profit up and Profit 
margins) and leverage (Leverage up) display a negative and significant coefficient, 
suggesting that the increase in profitability and leverage have a positive effect on 
efficiency.

Turning to the Services sector results are displayed in columns 4–6 (Table  2). 
Remarkably, some similarities emerge with the analysis performed for the Industry 
firms: the financial obstacles and the firm performance indicators show a negative 
sign indicating a positive effect exerted by those variables on efficiency. By con-
trast, and differently from the Industry case, the variable Product innovation is not 
statistically significant in most specifications, except for the last one (Column 6). A 
tentative interpretation of this outcome could be that firms operating in the Services 
sector, which is traditionally considered non-tradeable, are less exposed to the inter-
national competition. For this reason, the pressure for these firms to develop and 
launch new product and services for the market might be less cogent. However, our 
results also show that for firms that report access to finance as an acute obstacle for 
their activity, innovation positively affects their profit efficiency, as indicated by the 
negative sign displayed in Column 6.

To address potential endogeneity issues related to the link between efficiency 
and innovation, we implemented the instrumental variable approach proposed by 
Karakaplan and Kutlu (2017).22 By using R&D expenses as percentage of GDP by 
sector of activity as instrument for innovation, this approach allows us to test the 
endogeneity bias in the stochastic frontier estimation in both the frontier and effi-
ciency determinants equations. The results rule out any evidence of endogeneity 
referred to Product innovation.23

4.2  Sectoral heterogeneity: high‑ and low‑tech sectors

In this section we exploit further the sectoral heterogeneity by aggregating firms 
according to the technological and knowledge-intensive content of their activities, in 
a similar fashion to Baum et al. (2017) and Pellegrino and Piva (2020).

Starting from the Eurostat classification on technological and knowledge inten-
sity, we collapse the sectors into two main groups: High-Tech and Low-Tech sec-
tors. In the first group we include high-technology industries and knowledge-inten-
sive services (HT and KIS, respectively) and in the second one medium–low and 

21 In order to disentangle possible combined effects of financial frictions and innovation efforts, we also 
estimated model specifications where we included interaction terms between Product innovation and 
each indicator of financial constraints. Estimates (available upon request) on the interactions did not pro-
vide conclusive results.
22 We are aware that our approach is far from being conclusive in eliminating other possible sources 
of endogeneity which might affect the relationship under scrutiny. Other approaches have been used for 
addressing the endogeneity of inputs and output in the SFA (Lien et  al., 2018). We acknowledge this 
potential limitation of our study in the conclusion section of this paper.
23 Untabulated results are available upon request.
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low-technology industries and less knowledge intensive (MT, LT and less-KIS, 
respectively).

Our assumption is that HT companies in Industry and KIS companies in Ser-
vices are more like to each other than high knowledge-intensive and low technology/
knowledge-intensive within the two sectors.

The results of the simultaneous estimations of Eq. (1) and several specifications 
of Eq. (3) for High-Tech and Low-Tech sectors are displayed in Table 3, in columns 
1–3, and columns 4–6, respectively.

Results are noteworthy. First, the variables accounting for the financial constrains 
turn to be significant with the negative sign in all specifications for LT firms. Con-
versely, this effect disappears for HT firms. The only exception is the negative coef-
ficient for the cash flow ratio, which confirms that firms using internal sources are 
forced to be more efficient. In other words, when financial constraints are binding, 
LT firms are induced to be more efficient to enhance their profitability than HT 
firms. Second, our evidence shows that for the HT sector Product innovation dis-
plays a negative sign, indicating that it produces positive effect on profit efficiency. 
By contrast, for LT firms we get a positive sign signaling a reduction in profit effi-
ciency. This evidence might indicate that investments in product innovation for HT 
companies imply complementing different tasks such as information technologies, 
which in turns produce efficiency gains. In the case of Low-Tech companies, instead, 
it seems that the business activities needed to introduce new products might divert 
funds and efforts that could be otherwise used in a more efficient way. Noticeably, 
the signs of all the other inefficiency determinants are stable across the High-Tech 
and Low-Tech disaggregation.

In a second step, we estimate our model by disaggregating the sectors into five 
sectors: HT, MT and LT for Industry and for KIS and less-KIS for Services. For 
the sake of brevity, Table  S1 in Supplementary material reports only the results 
of the specification including the Cash flow ratio, as financial constraints indica-
tor.24 Noticeably, the variable product innovation displays the expected negative 
sign for HT industry and KIS Services—indicating that innovation output reduces 
profit inefficiency. By contrast, in the case of less-KIS companies, innovation efforts 
seem to enhance profit inefficiency. For MT and LT results are not conclusive (the 
coefficients are not significant). Overall, this evidence reinforces once more our 
assumption that the two sectors (HT industry and KIS Services) share more com-
mon characteristics in terms of the impact of innovation on efficiency than the other 
subgroups.

4.3  Further analysis: the impact of firm indebtedness

So far in our analysis we have not considered in an explicit way the role of firms’ 
indebtedness on their performance (Maietta & Sena, 2004, 2010; Sena, 2006; Ver-
moesen et  al., 2013). It is known that companies choose between short-term and 
long-term debt depending on their productive needs. While they typically utilize 

24 Similar results are obtained when we use the other two indicators of financial frictions. The results are 
available upon request.
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short-term financing for working capital, they turn on long-term debt to better align 
their capital structure with long-term strategic goals, including innovation plans. 
Hence, long-term financing affords companies more time to realize a return on 
investment and innovation activities and reduces refinancing risks that come with 
shorter-term debt maturities. In this respect, we should expect a positive impact of 
long-term debt on profit efficiency.

To address the issue, we re-estimate our model including two additional variables 
in the inefficiency equation: (i) Long-term debt and (ii) Interest ratio.25 If our pre-
dictions are corroborated, we should find, ceteris paribus, a negative coefficient for 
the variable Long-term debt. For similar reasons, we shall expect a positive sign for 
the variable Interest ratio, as an increase of the debt burden will affect the firm cost 
structure and, in turns, will deteriorate profit efficiency. Panel A of Table 4 displays 
the results of the new specifications for both Industry (columns 1–3) and Services 
(columns 4–6), while Panel B reports the same specifications for HT (columns 1–3) 
and LT sectors (columns 4–6).

Starting with panel A (Table 4), results can be summarized as follows. First, the 
inclusion of the two new variables in our specifications does not affect the baseline 
results for the key variables of the inefficiency equation (displayed in Table 3), thus 
providing support to the robustness of our analysis in terms of innovation and finan-
cial constraints.

Second, the estimated coefficients of the variable Long-term debt are always neg-
ative and statistically significant in both sectors, confirming the positive effect of the 
debt maturity structure on profit efficiency, as shown also by Sena (2006) and Mai-
etta and Sena (2010). Interestingly, some differences between sectors arise for the 
estimated coefficients of the Interest ratio variable. Specifically, they turn out to be 
positive and significant across the three specifications (columns 4–6) for Services, 
while they are never statistically significant for Industry. This evidence may suggest 
that firms operating in the Industry sector might be less affected by their debt burden 
as a consequence of a better bargaining power with banks.26

The main takeaway from this additional analysis is that while the maturity of the 
debt structure is not unpaired between sectors, the effect of the debt burden appears 
to damage firms in Services, regardless of the macroeconomic context. However, we 
are cautious when interpreting such a result as we acknowledge that further investi-
gation might be required to check out its consistency.

Turning to Panel B, where we present the new specifications (including firm 
indebtedness indicators) for HT and LT sectors, results show that the impact of 
innovation and financial constraints on efficiency is consistent with the estimates 
displayed in Table  3. The coefficients of Long-term debt are always negative and 
significant indicating a positive impact on the profit efficiency independently from 

25 The variable Long-term debt is the ratio between long term debt and total financial debt. Interest ratio 
is measured as the ratio between the interest payable on short and long-term debt, accrued during the 
period covered by the financial statements, and total financial debt.
26 We find analogous results, available on request, when we use alternative variables for measuring the 
interest burden such as the interest coverage ratio which is defined as the ratio between earnings before 
interest and taxes and interest payments due within the same period.
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the sectoral disaggregation. This evidence turns to be consistent with the results pre-
sented in Panel A. As an additional check, we estimate models (1)–(6) of Table 4 
(for both Panels A and B) with lagged innovation and finance constraints. Although 
this leads to a notable reduction in the number of observations by roughly two/
thirds, the results corroborate the main findings reported in Table 4.27

A different picture emerges when we look at the estimated coefficients of the 
Interest ratio. The coefficient is statistically significant only in the subgroup of HT 
firms and when firms face objective difficulties in their access to finance. The sign 
is positive indicating that increases of the interest ratio reduce profit efficiency for 
firms in that group (Column 3).

4.4  Robustness analysis: a focus on micro‑small firms

By looking at our sample composition, the summary statistics show that close to 
40% of the industrial companies and almost 60% of the service companies are clas-
sified as micro and small (see Table 1). Previous studies have shown that firm size 
matters on the decision to innovate (see among others, Leal-Rodríguez et al., 2015). 
Two opposite perspectives are recalled here. According to the Schumpeterian point 
of view (Karlsson & Olsson, 1998; Schumpeter, 1942), large firms have an advan-
tage to innovate vis à vis smaller companies as innovation requires effort, long-time 
investment, know–how and resources that small firms cannot often afford. By con-
trast, it is also argued that smaller-sized firms tend to display more innovative and 
efficient efforts than large firms in order to survive (Baumann & Kritikos, 2016; 
Cohen & Klepper, 1996; De Jong & Marsili, 2006; Laforet, 2008, 2013).

To address the issue, we re-estimate our model specifications for the sub-sample 
of micro and small firms (up to 49 employees). Results are displayed in Table S2 of 
Supplementary Material where we report only the z-variables of the several inef-
ficiency term specifications. As far as Industry is concerned, while the sign and the 
significance of the financial constraints covariates are consistent with the previous 
analysis, the variable product innovation turns to be not significant. We read these 
inconclusive results as a signal that we should investigate the impact of innovation 
on small-sized firms by focusing more on their innovative characteristics. By con-
trast, no relevant differences emerge for the micro-small firms compared to the full 
sample in the Services sector.

Indeed, the sector disaggregation based on the technology and knowledge inten-
sity brings more clear-cut findings (see Table S3 of the Supplementary Material). In 
detail, we observe that for the micro-small HT enterprises product innovation mat-
ters in reducing firm inefficiency, while for LT firms the innovation efforts are neg-
ligible or they could be even counter-productive as they induce an increase of inef-
ficiency. Once again, these results are largely consistent with the findings on the full 
sample on the similarity between technological and knowledge-intensive companies 
independently from firm size.

27 Untabulated regressions are available upon request.
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5  Discussion and conclusions

This paper contributes to the literature that investigates the interplay between firms’ 
efficiency, innovation and access to finance. Despite the policy relevance of this 
topic, the fundamental assumptions underlying it have remained largely unexplored. 
Indeed, the related literature has mainly focused on the role of financial constraints 
and innovation on productivity separately, yet these studies do not address the direct 
link between innovation and profit efficiency and the effect that a limited access to 
credit may exert on profit efficiency.

We fill this gap through the lens of the economic efficiency perspective. To the 
best of our knowledge, no previous work considered the effects that both innova-
tion and credit access limitations may have on profit efficiency. To accomplish such 
a task, we pioneer the use of a novel dataset that merges survey-based data with 
balance sheet information. This allows us to exploit the heterogeneity across firms’ 
financial and financing positions.

Furthermore, we consider heterogeneous production functions across sectors by 
estimating different frontiers: first for two main productive sectors (Industry and 
Services) and second for an alternative sectoral distribution based on the techno-
logical and knowledge intensity. The empirical analysis confirms the hypothesis that 
technological and knowledge-intensive companies in the manufacturing and service 
sectors are more like to each other than high knowledge-intensive and low technol-
ogy/knowledge-intensive firms within Industry and Services.

Our main findings support the prediction (H1) according to which firms that per-
ceived difficulties in accessing external finance, or that are objectively financially 
constrained, tend to improve efficiency to reduce their risk of failure and to maintain 
profits, independently from the macro sector disaggregation. This outcome seems 
to be consistent with previous literature (Sena, 2006). Our analysis also documents 
that when financial constraints are binding, LT firms are induced to be more efficient 
to enhance their profitability than HT firms. Moreover, we find that debt maturity 
matters as well. Firms making more use of long-term debt are more efficient as they 
have more time to realize a return on their business activities to cover their debt 
independently from the sectoral disaggregation employed in our investigation. As 
for the cost of debt, the impact is different depending on the sector in which a firm 
operates. Enterprises operating in Services seem to have a more stringent cost bur-
den on the debt side determining an increase in inefficiency. In the case of HT firms, 
an increase of the interest ratio is reducing their efficiency but only when they per-
ceive difficulties in the access to finance.

Consistently with our second hypothesis (H2), we show that firms which stated 
in the survey to have introduced product innovation, have a higher likelihood to 
improve efficiency. This evidence is robust for firms in the manufacturing  sector, 
and only weakly present for firms belonging to Services. We also find that product 
innovation is important for the profit efficiency of high-technology and knowledge-
intensive companies, while it tends to diminish it for LT and less-KIS firms.

Finally, we consider also the role of firm size within sectors. Specifically, we 
show that micro and small HT firms are able to turn innovation into revenue gains, 
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while it is not the case for LT and less-KIS companies, broadly confirming the find-
ings of the full sample on the relevance of the sectoral composition. This supports 
the idea that the different sectoral aggregations provided in our analysis are indeed 
relevant for detecting additional firm heterogeneity and this does not depend on the 
firm’s size.

The implications of our results are not negligible. Fostering innovation and 
growth opportunities for enterprises is particularly relevant in times of economic 
slowdown and financial distress. Recommendations for public policy to encourage 
long-term investment in innovation and to reduce conducts which particularly penal-
ize enterprises when investing in R&D would be another outcome of our investiga-
tion. Hence, our results give support to the line of firm-level policy interventions 
directly aimed at mitigating the underinvestment in R&D in Europe while consider-
ing firm heterogeneity across technology and knowledge intensity sectors. Though 
not explicitly analyzed in this paper, the line of reasoning goes beyond the idea that 
easier access to finance is the panacea to get higher profit efficiency. What seems 
more important is the support provided to businesses to be competitive by encourag-
ing them to adopt new business models and innovative practices.

Despite its numerous contributions to the literature, we acknowledge some limi-
tations of our study which can provide input for further research. First, while the 
results of our analysis seem to be robust to different econometric approaches and 
turn to be robust to endogeneity issues, we could argue that the introduction of addi-
tional variables controlling, for instance, the different degrees of entrepreneurship 
could be an advantage to better understand firms’ different efficient scores. Beyond 
size and innovation, several studies have focused on age, ownership structure, skill 
and competencies (Binnui & Cowling, 2016; Falk & Hagsten, 2021).

Second, while the instrument-based approach proposed by Karakaplan and Kutlu 
(2017) could remove some potential sources for reverse causality, it does not elimi-
nate other possible sources of endogeneity. In fact, identifying valid instruments has 
been proved a difficult task for our financial constraints indicators, also because the 
majority of observable firm characteristics are already included in the inefficiency 
equation.

Third, one of the main advantages of our investigation is the use of a unique data-
set that allows us to employ not only the qualitative survey-based information to 
measure financial constraints, but also balance sheet data to estimate production 
functions at firm level. However, it could be argued that, by merging two different 
data sources, firms in our sample might not reflect the composition of the population 
of firms by size and sector of activity within the different countries. We are aware 
of this limitation and one step further in our analysis would be to set appropriate 
weights to be used to have representative results. This is of particular importance for 
the novel results related to HT and LT companies. Fourth, we also recognise that dif-
ferences in institutional settings might play a role in innovation policy at the national 
level, so we control for the country macroeconomic context in our estimates. How-
ever, we leave a more in-depth country-level analysis on this issue to future research 
tasks.

Finally, though our analysis starts just after the great financial crisis due to the 
availability of our survey database, we would expect that our results are not specific 
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to the period that we study. Once more data will become available, further research 
should be devoted to substantiating our assessment over the business cycle, in 
particular considering the long-term impact of the Covid19 pandemic on firms’ 
efficiency.

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s40821- 022- 00226-z.
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