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This study  investigates  the impact  of  public  R&D  subsidies  on R&D  investment  of small  and  medium-
sized  enterprises  (SMEs)  in  Germany  during  the  most  recent  economic  crisis.  Our  analysis  is  based  on
firm-level  data  of the Mannheim  Innovation  Panel  (MIP)  covering  the period  2006–2010.  While  we find
an  overall  positive  effect  of  R&D  subsidies  on SMEs’  R&D  investment  behavior,  there  is evidence  for a
crowding  out  effect  for the  crisis  year  2009.  In 2010,  when  the  German  economy  started  to  recover,  the
subsidy  effect  is smaller  than  in  the  pre-crisis  years,  but positive  and  significant.  Additional  tests  indicate
that  the  temporary  crowding  out  effect  was  caused  by reluctant  innovation  investment  behavior  of  the
subsidy  recipients  rather  than  by Germany’s  countercyclical  innovation  policy  during  the  crisis.
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. Introduction

The global economic crisis of 2008/2009 has severely affected
he OECD economies. The unemployment rate has reached a post-
ar height of 8.5% in October 2009, the GDP declined by 4% in 2009

s compared to 2008 (OECD, 2012a), and long-term investments
ike innovation expenditures decreased significantly in a range of
ountries including Canada, Sweden and the UK (OECD, 2012b;
ilipetti and Archibugi, 2011).

Private sector innovation and research and development (R&D)
ctivities substantially contribute to sustainable growth (Griliches,
979; Grossman and Helpman, 1994; Aghion and Howitt, 2009;
oraszelski and Jaumandreu, 2013). Even a short-term decline or

tagnation of these activities can have detrimental consequences

n the long run. Policymakers are well aware of the importance of
rivate sector R&D and also of the fact that private R&D spending is

ower than socially desirable, even in boom periods. For that reason,

∗ Corresponding author at: Centre for European Economic Research (ZEW),
epartment of Industrial Economics and International Management, L 7, 1, D-68161
annheim, Germany. Fax: +49 621 1235 170.

E-mail address: hud@zew.de (M.  Hud).

ttp://dx.doi.org/10.1016/j.respol.2015.06.003
048-7333/© 2015 Elsevier B.V. All rights reserved.
public support for R&D activities is particularly important in times
of an economic downturn.

R&D investment is risky and the returns are uncertain
and long-term. During recessions, not only firms facing finan-
cial constraints are likely to reduce their investment in R&D
(Schumpeter, 1939; Freeman et al., 1982). R&D investments might
also be cut in response to a decreased demand in recession
periods (Stiglitz, 1993; Aghion and Saint-Paul, 1998). Further-
more, it has been shown that the responsiveness of companies
to policy initiatives is weaker in times of economic uncer-
tainty (Bloom et al., 2007; Bloom, 2008). Uncertainty raises
the real option value of investments, which makes firms more
cautious concerning their R&D investment decisions during reces-
sions.

In order to prevent firms from reducing their R&D expenses
and to maintain the national R&D capacities, policymakers in many
industrialized countries, including Austria, Denmark and Sweden,
reacted immediately to the most recent crisis and increased the
public R&D budgets (OECD, 2012b). In Germany, the private sec-

tor reduced R&D expenses by 2.9% (Fig. 1), while the German
Federal Ministry for Education and Research (BMBF) reacted to
the crisis by increasing its budget by 9% in 2009 as compared to
2008.

dx.doi.org/10.1016/j.respol.2015.06.003
http://www.sciencedirect.com/science/journal/00487333
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mailto:hud@zew.de
dx.doi.org/10.1016/j.respol.2015.06.003


M. Hud, K. Hussinger / Research P

Fig. 1. Annual real GDP growth and real Business Enterprise Expenditure on R&D
(
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BERD) growth in Germany and EU28 between 2000 and 2012, in %.

ource: OECD and OECD (2013). Own calculations. Real GDP and BERD growth rates
re calculated based on GDP and BERD at constant 2005 USD.

This paper empirically examines the effects of the BMBF’s pub-
ic R&D subsidy program on firms’ R&D investment during the

ost recent crisis. Our analysis is based on firm-level data of the
annheim Innovation Panel (MIP) and on public R&D subsidy

ata provided by the BMBF. We  focus on small and medium-sized
nterprises (SMEs) because these firms are expected to be more
ulnerable during an economic downturn as compared to large
nterprises. Our sample covers the period of 2006–2010, with 2009
arking the peak of the crisis period in Germany (and the EU) as

evealed in Fig. 1.1

Our empirical strategy consists of several steps. We  rely upon
ropensity score matching in order to assess whether R&D subsi-
ies stimulate additional R&D investment over the sample period.
he matching estimator accounts for the fact that subsidies are not
andomly distributed among SMEs, but that companies self-select
hemselves into the funding scheme. This procedure provides us
ith an estimate of the average effect of subsidies on the subsi-

ized companies’ R&D investment. In the next step, we  compare
he effectiveness of the treatment of the crisis period to the pre-
risis (2006–2008) and post-crisis (2010) periods. In the final step,
e test whether SMEs subsidized during the crisis are less promis-

ng innovators than SMEs subsidized before the crisis or whether
he investment behavior of subsidy recipients changed during the
risis. The former could be a consequence of an expanded sub-
idy program during the crisis that could have lowered the average
quality” of the pool of subsidy recipients.

Our results show that R&D subsidies lead to an additional-
ty effect for the overall period. Only for the crisis year, we find
vidence for a crowding out effect from which SMEs are already
ecovering again in the first post-crisis year. The crowding out effect
f the crisis year can be indicative of reluctant R&D investment
ehavior of the subsidy recipients or of the countercyclical innova-
ion policy that may  have changed the average “quality” of the pool
f subsidy recipients during the crisis. Our further empirical tests
uggest that the crowding out effect is caused by SMEs’ reluctance
o invest in R&D during a crisis period. We  do not find support for
he hypothesis that the crowding out effect is related to a lower
verage “quality” of subsidized firms in the crisis and post-crisis

ears due the expanded subsidy program.

Although our main finding is that the average additionality
ffect is negative for the crisis year 2009, the countercyclical

1 Germany was  already severely affected by the crisis in the last quarter of 2008
eaching the peak in 2009. This does not show up in the aggregate annual data
hough. We  therefore refer to 2009 as the crisis year in the remainder of the paper.
olicy 44 (2015) 1844–1855 1845

innovation policy is likely to have had a stabilizing effect on the
economy. It may  have helped SMEs to keep their R&D personnel
and to maintain national innovation capacities.2

The remainder of the paper is organized as follows. The next
section surveys related literature. Section 3 presents the empiri-
cal strategy. The data set is described in Section 4. The results are
discussed in Section 5. The last section concludes.

2. Literature review

2.1. The rationale for public R&D subsidies

The economic rationale for R&D subsidies to the private sec-
tor is that the level of privately financed R&D in the economy is
lower than socially desirable. This is because R&D has the charac-
teristics of a public good as it generates positive external effects,
which cannot be internalized by the innovating companies (Arrow,
1962). In the absence of public subsidies, projects that would gen-
erate positive benefits for society but do not cover the private
costs, would hence not be carried out. This type of market fail-
ure is the main reason for governments to subsidize private R&D
projects. Public funding reduces the price for private investors so
that the otherwise too expensive innovation projects are carried
out. The policymakers’ objective is twofold regarding R&D subsi-
dies. On the one hand, the aim is to maintain national innovation
capabilities, the national R&D and employment level, especially in
recession periods, where typically subsidies to the private sector
are preferred over public procurement because of the potential of
additionality effects. On the other hand, the government’s interest
is to generate more innovation outcome. Public subsidies can help
the economy recovering from a crisis by fostering the creation of
new innovations leading to economic growth.

The positive effect of R&D subsidies on firms’ R&D activities,
however, cannot be taken for granted. In practice, firms always have
an incentive to apply for public R&D support due to relatively low
application costs, even if the expected net return of the project is
positive and although the R&D projects could be conducted with
own financial means. Once the application was successful, firms
can use the public grant to replace private with public investment.
This is called a “crowding out” effect (e.g., David et al., 2000). If
the majority of firms acted this way, public R&D subsidies would
lead the economy to a lower growth path in the long-term. The
likelihood of crowding out may  be particularly high during reces-
sion periods as firms face declining sales and financial markets that
hamper the financing of R&D. Firms may  use the additional risk-free
money to service short-term debt or to maintain their production
capacities.

A vast empirical literature has investigated the question
whether R&D subsidy programs lead to a crowding out effect or
stimulate R&D activities in the private sector. The majority of the
studies find that R&D subsidies lead to an additionality effect (see
Zúñiga-Vicente et al., 2014, for a recent survey). The early literature
up to the year 2000 – as surveyed by David et al. (2000) and Klette
et al. (2000) – is criticized for disregarding a potential selection bias
of firms into R&D subsidy programs. On the one hand, companies
with larger R&D capacity are more likely to apply for R&D subsi-
dies. On the other hand, these companies may  be more likely to
receive the public funds if the government wants to maximize the
returns to the subsidy program. A simple comparison of subsidized

and non-subsidized firms hence leads to biased results.

The more recent literature with focus on the firm level as sur-
veyed by Cerulli and Poti (2010) and Zúñiga-Vicente et al. (2014)

2 According to the German R&D statistics, R&D personnel is the largest cost unit
in  a firm’s R&D process (Stifterverband, 2013).
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akes the selection problem into account. Prominent methods that
ave been used to account for sample selection are matching meth-
ds (e.g., Czarnitzki and Fier, 2002; Almus and Czarnitzki, 2003;
zarnitzki et al., 2007; for heterogeneous treatments), instrumental
ariables methods (e.g., Wallsten, 2000), and selection models (e.g.,
usom, 2000; Hussinger, 2008).3 Most of the studies that account

or selection issues report a positive effect of the subsidy on the
ubsidized firms’ R&D expenses as well.4

With focus on Germany, prior literature shows exclusively
ositive average effects of R&D subsidies. For the direct project
ubsidy program of the BMBF, which is also subject to our study,
zarnitzki and Fier (2002), Almus and Czarnitzki (2003), Czarnitzki
nd Hussinger (2004), Czarnitzki et al. (2007), Hussinger (2008),
nd Aerts and Schmidt (2008) report that the subsidy leads on
verage to additional R&D expenses.

.2. Private innovation expenditure during economic downturns

The economic literature has developed different views on the
mpact of an economic downturn on innovation activities. One line
f research advocates countercyclical behavior of R&D investment.

n times of an economic downturn, profitability declines encour-
ge firms to seek for measures to improve productivity. At the same
ime, opportunity costs of reallocating productive assets from man-
facturing to R&D are relatively low because of a limited demand

or goods and services (Stiglitz, 1993; Aghion and Saint-Paul, 1998)
hich is in line with the Schumpeterian notion of creative destruc-

ion.
The contrary perspective suggests that innovation behavior

s procyclical. Innovation strongly depends on demand so that
here is no incentive to introduce new products into the mar-
et if demand is low (Schmookler, 1966; Shleifer, 1986). Further,
&D is often financed by the firm’s free cash flow that depends
n the company’s current profit so that financial constraints dur-

ng an economic downturn reduce investment in R&D (Hall, 1992;
immelberg and Petersen, 1994; Harhoff, 1998; Rafferty and Funk,
008).

.3. Private innovation expenditure during the most recent
conomic crisis

The most recent crisis caused an overall decline of innova-
ion activities across OECD countries, whereby different countries
ave been affected to a different degree (OECD, 2012b; Makkonen,
013). Some OECD economies show significantly reduced R&D fig-
res for the private sector during the crisis, among them Canada,
he Czech Republic and the Netherlands. Others show slightly
ecreased R&D expenditures during the crisis such as Austria,
elgium, and Germany. In Germany, business enterprise expen-
iture on R&D (BERD) decreased by 2.9% in 2009 compared to
008. A possible reason is that the federal government adopted

 countercyclical policy and increased its government spending
government budget appropriations or outlays for R&D, GBAORD)
y 9% between 2007 and 2009 (OECD, 2012a; Makkonen, 2013).

ther economies including China, Estonia and Hungary show an
pwards trend of private R&D expenditure throughout the crisis
OECD, 2012b).

3 Gonzalez et al. (2005) and Takalo et al. (2008) present structural models to access
he  effect of subsidies on the subsidized firms.

4 Exceptions are Busom (2000), who finds a partial crowding out effect for Spain,
nd  Wallsten (2000), who  reports a substitutive effect of subsidies for the U.S. SBIR
rogram. Gelabert et al. (2009) find differences in the effectiveness of public subsi-
ies  depending on the level of appropriation in the firm’s industry.
olicy 44 (2015) 1844–1855

Heterogeneous responses to the crisis have also been observed
at the firm level. Overall, European firms’ innovation activities
declined during the crisis with a few exceptions comprising
some new, fast growing firms and some highly innovative firms
that sustained high innovation performance throughout the cri-
sis (Archibugi et al., 2013a). In addition, a few small firms and
new entrants show greater readiness to “swim against the stream”
with regards to their innovation strategy after the crisis (Archibugi
et al., 2013b). For Latin America, Paunov (2012) shows that many
firms stopped ongoing R&D projects during the crisis. With focus
on public R&D subsidies, Paunov (2012) finds that the likelihood to
stop projects correlates negatively with the receipt of public fund-
ing and concludes that public funding schemes are an important
means to foster countercyclical investment behavior. A potential
selection bias of firms into subsidy programs is not taken into
account.

Based on a survey, Kulicke et al. (2010) conclude that the
majority of companies in Germany would have been forced to
stop or postpone their R&D project during the crisis as well.
Rammer (2011) reports that the innovation expenditures of
German firms in the research-intensive manufacturing sector
decreased by 9.5% and by 16.7% in other manufacturing industries
(see Rammer, 2011; Table 2).5 Especially small firms were affected.
About 2000 SMEs stopped their innovation activities (Rammer,
2011).

A recent study investigates the macroeconomic effects of R&D
subsidies granted by the “Central Innovation Program for SMEs”
(ZIM) program that was  launched in 2008 (Brautzsch et al., 2015).
Brautzsch et al. (2015) conclude that the ZIM program stabilized
production, value added and employment during the crisis which
prevented a GDP decline of 0.5%. Our study complements their find-
ings by providing microeconomic evidence for the effects of R&D
subsidies on SMEs’ R&D investment during the crisis. In contrast to
Brautzsch et al. (2015), our data also allows us to compare the crisis
behavior of SMEs with the pre-crisis period.

3. Empirical strategy

Our empirical approach has three different parts. The first part
evaluates the effectiveness of R&D subsidies for the entire sample
period. The second part compares the effect of subsidies in the crisis
year to pre- and post-crisis years. In the last part of the analysis, we
investigate possible reasons for a different effect of subsidies in
crisis and non-crisis years.

3.1. Effectiveness of R&D subsidies

The aim of our policy evaluation is to assess the average effect
of the public subsidy on the R&D spending of the subsidized SMEs.
Since a simple comparison between treated (subsidized) and non-
treated (non-subsidized) SMEs is likely to be biased due to selection
problems,6 our empirical approach aims at investigating what firms
in the treated condition would have spent on R&D if they had not
received the subsidy, i.e., the counterfactual situation. This average
treatment effect on the treated (ATT) is defined as follows:

ATT = E(Y1 − Y0|S = 1) = E(Y1|S = 1) − E(Y0|S = 1) (1)
where Y1 is the R&D spending of the SMEs having received the treat-
ment (=subsidy) and Y0 is the R&D spending of SMEs that did not
receive a subsidy and S depicts the actual treatment status. This

5 Rammer’s (2011) calculations are based on the same survey that we use for the
empirical analysis.

6 For a detailed discussion of the selection problem see e.g., Blundell and Costas
Dias (2000).
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quation indicates a missing data problem: while we  can observe
Y1|S = 1), i.e., the R&D spending of a subsidized firm, we  cannot
bserve what the subsidized firm would have spent on R&D without
he subsidy (Y0|S = 1)

Constructing a valid proxy for the counterfactual situa-
ion is the main issue in empirical policy program evaluation.
conometric techniques serving to overcome this problem com-
rise difference-in-difference (DID) estimations, control function
pproaches (selection models), instrumental variable (IV) estima-
ions, and matching techniques. Due to highly unbalanced panel
ata and a lack of reliable instruments and exclusion restrictions,
e choose a matching approach. The intuition behind the matching

pproach is to proxy the counterfactual situation, i.e., the invest-
ent of a treated company in the absence of the treatment, by the

nvestment of the most similar non-treated observation. Functional
orm assumptions and distributional assumptions about the error
erms are not required. The disadvantage of the matching approach
s that it only accounts for selection based on observable firm
haracteristics. Prior studies focusing on the effectiveness of our
ubsidy program in Germany, however, show comparable results
ndependent of the method that was employed (see e.g., Almus and
zarnitzki, 2003; Czarnitzki et al., 2007; Hussinger, 2008).

We apply a nearest neighbor propensity score matching. This
eans that we match each subsidy recipient with the single most

imilar SME  in the control group of the non-subsidized SMEs. The
airs are chosen based on the similarity in the estimated probabil-

ty of receiving a subsidy, i.e., the propensity score. Matching on
he propensity score avoids a “curse of dimensionality” because all
nformation is bundled in the propensity score which is then used
s the single matching argument (Rosenbaum and Rubin, 1983).
n addition, we require that the selected control observation is
bserved in the same year as the treated observation. This is crucial
or our analysis because we are interested in comparing treatment
ffects across years. We  further demand that the control observa-
ions are located within the same geographical area in Germany
y distinguishing between East and West German companies. We
pply this distinction because the funding likelihood as well as the
nfrastructure for innovation differs between the two  regions.

The matching estimator’s main disadvantage is its reliance on
he conditional independence assumption (CIA). This means that
he assignment to treatment is required to be independent of the
utcomes, in our case the R&D investment, conditional on a set of
bservable characteristics (Rubin, 1977). The CIA is satisfied if all

nformation affecting the treatment assignment and the outcome is
ncluded in the set of observable characteristics. If so, the observed
on-treated outcome E(Y0|S = 0) is a valid proxy for the unob-
ervable counterfactual outcome E(Y0|S = 1). Unfortunately, it is not
ossible to formally test the CIA. However, we are confident that
ur rich set of control variables suffices.7 A further requirement
f the matching method is that there has to be sufficient over-

ap between the treated and the control group in terms of their
ropensity to receive a public subsidy (common support). In order
o guarantee common support, we calculate the minimum and the

aximum of the propensity scores of the potential control group,
nd delete observations on treated firms with probabilities larger

han the maximum and smaller than the minimum in the potential
ontrol group. If the CIA and the common support are fulfilled, the

7 A similar set of control variables has been used in a variety of studies that eval-
ate the effects of R&D subsidies based on similar data sets employing a matching
pproach (e.g., Czarnitzki and Fier, 2002; Almus and Czarnitzki, 2003; Czarnitzki
t  al., 2007; Czarnitzki and Lopes Bento, 2013).
olicy 44 (2015) 1844–1855 1847

ATT will be identified and consistently estimated by the following
equation8,9:

ATT = (Y1|X = x,S = 1) − E(Y0|X = x,S = 0) (2)

3.2. Effectiveness of R&D subsidies in crisis and non-crisis years

After the identification of the ATT, we investigate whether the
effect of subsidies differs in the crisis and non-crisis years by run-
ning an OLS regression of the ATT on a set of time dummies d.

ATTt =∝ + ˙
n=2007−2010

ˇndnt + ut (3)

There are two different possible scenarios. On  the one hand, one
can expect that the subsidies are more effective in the crisis year
because firms may  face more severe financial constraints so that
the subsidy increases R&D investment substantially as compared to
the counterfactual situation. On the other hand, a lower treatment
effect can occur in the crisis year if firms match the public funds
with less private investments than they would have made in non-
crisis years or replace private investments by public funds.

3.2.1. Explanations for possible different effects of R&D subsidies
in crisis and non-crisis years

In the final part of the analysis, we investigate possible expla-
nations for the potential differences of the effectiveness of R&D
subsidies in crisis and non-crisis years. Such differences can be
motivated by (a) an altered funding policy in crisis times or (b)
a change of behavior of grant recipients in crisis times:

(a) During the past crisis, direct project funding has been increased
in terms of granted amounts per project and number of projects
funded. This can reduce the ATT because if more projects are
funded the average “quality” of the recipients is likely to be
lower than in non-crisis years.

(b) Subsidy recipients may  face tighter budget constraints during
the crisis. In response, they might invest less into the subsidized
R&D projects than they would have invested in non-crisis years.

In order to analyze whether the change in innovation policy
affected the effect of R&D subsidies during the crisis, we  com-
pare first-time subsidized firms in crisis and non-crisis years. If a
lower subsidy effect would be caused by a lower “quality” of funded
firms during the crisis years, we  should find a significant difference
between these groups of firms in terms of success predictors like
firm size or patent stock.

In order to investigate whether companies changed their R&D
investment behavior, we  repeat the analysis described in the Sec-
tion 3.2 for the subsample of SMEs that received subsidies before,
during and after the crisis. If we would find that these companies
reduce their R&D investment we could conclude that a poten-
tial decreased effectiveness of R&D subsidies is caused by firms’

reluctance to invest in R&D during the crisis rather than by the
countercyclical innovation policy.

8 The details of our matching procedure (matching protocol) are provided upon
request. Very similar matching protocols can be found e.g., in Czarnitzki and
Hussinger (2004), Aerts and Schmidt (2008) and Czarnitzki and Lopes Bento (2013).

9 A similar matching approach has been used among others by Czarnitzki and
Fier (2002), Almus and Czarnitzki (2003), Czarnitzki and Hussinger (2004), Goerg
and Strobl (2007), Gonzalez and Pazo (2008), Czarnitzki and Lopes Bento (2013) and
Hottenrott et al. (2014).
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Table 1
Overview of subsidized and non-subsidized firms over time.

2006 2007 2008 2009 2010 Total

Not subsidized 1,579 1,715 2,358 1,925 1,934 9,511
Subsidized 191 176 153 194 302 1,016
First-time subsidized after 2008 6 5 8 15 93 127
848 M. Hud, K. Hussinger / Rese

. Data, variables and descriptive statistics

.1. Data

For our empirical analysis of a potential additionality effect of
&D subsidies, we construct a database which consists of firm-

evel information and their subsidy records. The firm-level data is
rovided by the Mannheim Innovation Panel (MIP), which is an
nnual survey conducted by the Centre for European Economic
esearch (ZEW) on behalf of the German Federal Ministry for
ducation Research (BMBF) since 1993. The MIP  is the German
ontribution to the European Commission’s Community Innova-
ion Survey (CIS) and is based on the methodology proposed in
he Oslo Manual for collecting innovation data (OECD and Eurostat,
005).10

Information on the Federal Government’s project funding is
aken from BMBF’s PROFI database, which is available to us from
992 onwards. It contains information on all non-military R&D
rojects funded by the BMBF. The BMBF program is the largest
ource of public R&D funds for the business sector in Germany and
ccounts for more than 80% of the total public R&D funding avail-
ble to the business sector. The direct project funding program is
pen to all firms located in Germany. The official application form
equires detailed information on the company and its planned R&D
rojects. There is a peer review process according to which grants
re assigned as “matching grants” to the selected projects, which
eans that applicants themselves have to contribute at least 50% to

he subsidized projects. The government sponsors at most 50% as is
rescribed in the funding guidelines of the European Commission
1996) and in German regulations (BMBF and BMWi,  2001).

Further data sources comprise the European Patent Office (EPO)
roviding us with firms’ patent applications since 1979, the credit
ating agency Creditreform and the Federal Statistical Office of
ermany. That latter office provides us with a measure for the busi-
ess cycle. We constructed the annual change of industry-level
ales based on the 4-digit industry level data (NACE 2.0).11 The
atabase of Creditreform provides us with firm age information and

 credit rating indicator that proxies the firms’ financial fitness.
The final sample covers the years 2006–2010 in order to cover

he pre-crisis period (2006–2008), the crisis year (2009) and the
rst post-crisis year (2010). The choice of the time frame for our
tudy is motivated by the fact that we want to exclude the recession
002/2003 and the following recovering period. Contrary to the
ost recent economic crisis, the recession 2002/2003 was  expected

y German companies (Rammer et al., 2003) so that we would not
e able to identify causal effects. With regards to the recent eco-
omic crisis, Rammer (2011) shows that in the years 2006–2008 the
ctual innovation expenditures of German firms of all size classes
ere almost equal to the innovation expenditures planned in the

revious year. Only in the crisis year 2009, a gap between planned
nd actual innovation expenses arises (see Fig. 1 in Rammer, 2011).

We restrict our sample to firms with less than 250 employees
ince SMEs are most sensitive to the business cycle (OECD, 2009).
ur sample includes manufacturing as well as business related

ervice sectors.
The final sample consists of 10,527 firm-year observations out

f which 1016 received an R&D subsidy from the BMBF.
10 For further details see Aschhoff et al. (2013) and Peters and Rammer (2013).
11 For a few cases we had to use the 3-digit level.
Note: Due to the panel structure of our data set, observations of firms subsidized for
the first time after 2008 can also appear in 2006–2008.

4.2. Variables

4.2.1. Treatment variable
We measure treatment with a binary indicator that takes on the

value 1 if a firm had been subsidized by the BMBF in the respective
year. The indicator takes on the value 0 if a firm had not received
any R&D subsidy at all in the respective year, neither from the EU
nor from the Federal Government nor from other sources. Thus,
our control group solely consists of non-subsidized firms, allowing
us to rule out side-effects from other subsidy programs. Table 1
shows the distribution of subsidized companies and unsubsidized
companies in our sample over time. It becomes evident that the
number of subsidized firms has increased during and after the crisis.
The number of newly funded companies is still small in the crisis
year 2009, but increases significantly in 2010.

4.2.2. Outcome variables
We test potential additionality effects for six outcome variables

in order to show robustness of the results with regards to different
definitions of the dependent variable. RD depicts a firm’s total R&D
expenditure, which is measured in million EUR. PRIVRD is defined
as the private R&D investment, i.e., RD minus the subsidy received.
Since these variables are distributed askew, we employ RDINT (RD
over sales) as well as PRIVRDINT (PRIVRD over sales) in addition.
Furthermore, we  define RDEMP (RD over number of employees)
and PRIVRDEMP (PRIVRD over number of employees) as alternative
measures for the R&D intensity.

4.2.3. Control variables
Our control variables encompass firm size as measured by the

log of the number of full time employees, Lemp. We  expect that
R&D expenditure correlates with firm size. Thus, larger firms are
more likely to apply for subsidies and to receive a grant if the gov-
ernment wants to maximize the likelihood of a positive outcome
of the funded project by choosing companies with a superior inno-
vation capacity. The logarithmic specification is chosen because of
the skew distribution of the firm size variable.

If a firm is part of an enterprise group, this membership can
improve the access to innovation capacity and also to information
on governmental programs. This may  result in a higher likelihood
to apply for a subsidy. Further, governmental evaluators could be
prone to subsidize firms that belong to a network of firms, being
aware of potential knowledge spillovers within the enterprise
group due to the subsidized project. We  control for firms belonging
to a firm group with a binary variable, Group.  Firm groups with a for-
eign headquarter, Foreign, could, in contrast, be less likely to receive
funding if the government would want to induce economic effects
for the own  country. The binary variable East indicates whether
a firm is located in Eastern Germany or in the Western part of the
country. East German firms could be more likely to receive a subsidy
as this region is still in a catch-up process with regards to West-
ern Germany. The log of firm age, Lage, covers potential firm age

effects. Firms competing in foreign markets are more innovative
than others (Arnold and Hussinger, 2005). Therefore, we also expect
export-oriented firms to apply more frequently for R&D subsidies.
Our binary dummy  Export indicates whether a firm has export sales
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Table 2
Descriptive statistics for the whole sample, by subsidy status.

Unsubsidized
firms N = 9511

Subsidized
firms N = 1016

t-Test

Mean Std. dev. Mean Std. dev.

Covariates
Sub t-4 0.006 0.079 0.338 0.473 ***
Patemp 0.001 0.015 0.027 0.085 ***
Lemp 3.165 1.093 3.460 1.091 ***
Foreign 0.047 0.213 0.068 0.252 **
Export 0.404 0.491 0.802 0.399 ***
Group 0.213 0.409 0.247 0.432 **
Lage  3.096 0.858 2.679 0.728 ***
East 0.337 0.473 0.410 0.492 ***
Salesgrowth 2.459 13.208 4.068 13.947 ***
Credit 225.487 65.334 226.054 52.911
Credit mvd  0.035 0.185 0.023 0.149 **

Controlling for period differences
Sub t-4 period 0.003 0.054 0.148 0.355 ***
Patemp period 0.000 0.005 0.014 0.066 ***
Lemp period 1.263 1.680 1.651 1.851 ***
Foreign period 0.017 0.127 0.029 0.167 **
Export period 0.156 0.363 0.390 0.488 ***
Group period 0.080 0.271 0.118 0.323 ***
Lage  period 1.275 1.632 1.305 1.432
East period 0.138 0.345 0.172 0.378 ***
Salesgrowth period -0.635 10.543 0.919 12.443 ***
Credit period 91.563 117.935 111.111 119.564 ***
Credit mvd  period 0.014 0.119 0.010 0.099

Outcome variables
RD 0.036 0.310 0.705 2.586 ***
PRIVRD 0.036 0.310 0.577 2.310 ***
RDINT 0.005 0.035 0.150 0.220 ***
PRIVRDINT 0.005 0.035 0.098 0.184 ***
RDEMP 0.001 0.004 0.013 0.023 ***
PRIVRDEMP 0.001 0.004 0.009 0.020 ***
M. Hud, K. Hussinger / Rese

r not. Furthermore, we  account for a firm’s innovation potential by
ast innovation success in terms of the company’s patent stock. To
onstruct the patent stock, we use patent applications from 1979
nwards which have been filed at the EPO. The patent stock in t is
alculated as a depreciated sum of all these patent applications until
-1 plus the (non-depreciated) patent applications in t. The depre-
iation rate is set to 0.15, as is common in the literature (see e.g.,
all, 1990; Griliches and Mairesse, 1984). Due to collinearity con-

erns with firm size, the patent stock is normalized by the number
f employees, Patemp.

To account for potential financial restrictions, particularly dur-
ng the crisis period, we include Creditreform’s credit rating index,
redit.12 This is an index representing a firm’s solvency. The index
anges from 100 to 600. The larger the index value, the lower is the
redit rating and the ability to attract debt capital. Firms that have
ore problems to attract external finance might be more likely to

pply for subsidies.
We  also control for the receipt of past subsidies. Firms that

eceived subsidies in the past have a high chance that a new applica-
ion will be evaluated positively (Hussinger, 2008; Aschhoff, 2010).

e use a dummy  for past subsidy receipt with a four year lag to
ccount for the fact that the average subsidized R&D project lasts
or about 3 years.

Another characteristic to be considered is the business climate
f the firm’s industry sector. SMEs usually participate only in one or

 few product markets. In case of economic downturns, these firms
ay  not have the opportunity to compensate a serious decrease

f demand in one of their few markets. We  control for the compa-
ies’ business environment by including an industry-specific sales
rowth rate, Salesgrowth.

To avoid potential endogeneity, we lag all time-variant explana-
ory variables and consider Group,  Foreign,  East as time-invariant
nd Salesgrowth and Lage as exogenous to the firm.

.3. Descriptive statistics

Table 2 shows descriptive statistics, comparing the variables’
ean values of non-subsidized and subsidized firms. Significant t-

ests indicate systematic differences between the mean values of
he variables for subsidized and non-subsidized firms. For exam-
le, subsidized firms score higher on each R&D input measure. They
ave more patents per employee and more employees in general,
nd are more likely to be exporters. Further, subsidized SMEs are
ounger and are more frequently located in Eastern Germany. Sub-
idized SMEs, on average, reveal a higher business index which
escribes that the industries of the subsidy recipients have experi-
nced a larger upswing as compared to the previous period than the
ndustries of non-subsidized companies. This suggests that SMEs
re more likely to apply for and receive a subsidy if the indus-
ry is experiencing an upswing. Further, the credit rating between
on-subsidized and subsidized firms does not differ significantly.
 value of about 225 means a “good financial standing.”13

12 We also employ a missing value correction. The missing values of Credit are set
o  zero. An additional binary dummy, Credit mvd, that takes on the value 1 if Credit
quals zero, is included in the estimations.
13 Similar results for the exogenous variables appear when comparing them
etween the pre-crisis and the (post-) crisis periods. However, almost no significant
ifferences are found for the outcome variables (see Table A1).
Note: *p < 0.1; **p < 0.05; ***p < 0.01. For reasons of clarity, we dropped the informa-
tion on industry dummies and their period differences from this table.

5. Empirical results

5.1. Funding propensity

As described in Section 3, we employ a matching method to
identify the causal effect of the subsidy treatment on R&D invest-
ment. Thus, we have to find non-subsidized observations with the
most similar characteristics to the subsidized observations. We
determine the so-called nearest neighbors based on the propen-
sity score, i.e., the likelihood of receiving a subsidy. In order to get
an estimate for the propensity score, we estimate a probit model for
the receipt of public subsidies. We  allow that our control variables
have a different impact on the receipt of subsidies in the pre-crisis
period and thereafter by including interaction terms of all control
variables with a year dummy  for 2009 and 2010. Table 3 shows the
results.

Apart from the dummy  indicating membership of a firm group,
the dummy  indicating a foreign headquarter and the business sit-
uation, each variable reveals significant effects with the expected
sign.

5.2. Average treatment effect on the treated

In a second step, we determine “twin observations” of non-
subsidized SMEs for each subsidized SME  observation based on
the propensity score and the additional two matching arguments

– location in Eastern Germany and year of observation. Due  to
the common support criterion we  have to drop two observations
for which we cannot determine appropriate control observations.
Table 4 shows the mean values for treated and control observations
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Table 3
Probit estimation of subsidy receipt.

Coefficients Std. err.
Sub  t-4 2.187*** (0.118)
Patemp 4.568*** (0.700)
Lemp 0.149*** (0.032)
Foreign 0.050 (0.127)
Export 0.775*** (0.075)
Group −0.243*** (0.084)
Lage −0.273*** (0.042)
East 0.245*** (0.065)
Salesgrowth −0.003 (0.004)
Credit −0.002** (0.001)
Credit mvd −0.686*** (0.243)

Industries
Mining −1.130*** (0.294)
Low-tech manufacturing −0.984*** (0.098)
High-tech manufacturing −0.423*** (0.099)
Energy, water, recycling −1.012*** (0.163)
Wholesale −1.909*** (0.356)
Transportation −1.389*** (0.202)
ICT  −0.171 (0.117)
Consulting, advertising −0.800*** (0.180)

Years
2007 −0.069 (0.074)
2008 −0.293*** (0.074)
2009 0.117 (0.398)
2010 0.328 (0.398)
Constant −0.645** (0.260)
Observations 10,527
Log-likelihood −1968
McFadden R2 0.411
Time dummies – chi2(4) 24.26***
Industry dummies – chi2(8) 183.6***
Period interactions – chi2(19) 77.26***
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Table 4
Matching results.

Unsubsidized
N = 998

Subsidized
N = 998

t-Test p-Values

Mean Mean

Covariates
Sub t-4 0.347 0.333 0.720
Patemp 0.013 0.019 0.115
Lemp 3.539 3.461 0.416
Foreign 0.081 0.067 0.528
Export 0.804 0.802 0.951
Group 0.302 0.245 0.134
Lage 2.699 2.681 0.739
East 0.414 0.414 1.000
Salesgrowth 4.117 4.089 0.982
Credit 228.667 226.270 0.649
Credit mvd 0.027 0.022 0.704

Controlling for period differences
Sub t-4 period 0.152 0.141 0.708
Patemp period 0.006 0.008 0.293
Lemp period 1.755 1.626 0.428
Foreign period 0.041 0.027 0.379
Export period 0.390 0.384 0.881
Group period 0.139 0.114 0.374
Lage period 1.291 1.286 0.963
East period 0.171 0.171 1.000
Salesgrowth period 0.973 0.899 0.949
Credit period 105.868 109.789 0.684
Credit mvd  period 0.014 0.009 0.595

Outcome variables
RD 0.306 0.676 *** 0.001
PRIVRD 0.306 0.548 ** 0.021
RDINT 0.029 0.146 *** 0.000
PRIVRDINT 0.029 0.095 *** 0.000
RDEMP 0.004 0.012 *** 0.000
PRIVRDEMP 0.004 0.009 *** 0.000

Note: *p < 0.1; **p < 0.05; ***p < 0.01. For reasons of clarity, we dropped the industry

T
O

N

ote: *p < 0.1; **p  < 0.05; ***p < 0.01; see Table A3 for additionally estimated
oefficients.

fter the matching. There no longer exist significant differences
etween the treated and the non-treated observations with regards
o the control variables indicating that our matching specification
s valid. Significant differences in the mean values of the outcome
ariables persist and can be given a causal interpretation now after
he matching.

The subsidized firms show a higher R&D activity independent
f the definition of the outcome variable. Thus, we  find an over-
ll positive ATT signaling that firms increased their R&D spending
ue to the subsidy. We  can reject a crowding out. The ATT equals
.370 (0.242) million EUR in terms of R&D (private R&D) expendi-
ures. The ATT in terms of R&D (private R&D) over sales corresponds

o 11.7% (6.6%) points. For R&D intensity as defined by R&D over
mployment the ATT amounts to 0.8% (0.5%) points for R&D (private
&D).

able 5
LS results of the average treatment effects on time dummies.

RD PRIVRD RD

2007 −0.341 −0.329 0.
(0.315) (0.268) (0

2008 0.053 0.088 −0
(0.440) (0.397) (0

2009 −1.006*** −0.942*** −0
(0.330) (0.295) (0

2010 −0.522* −0.464* −0
(0.295) (0.254) (0

Constant 0.763*** 0.599** 0.
(0.285) (0.245) (0

Observations 998 998 99
R2  0.018 0.019 0.

ote: *p < 0.1; **p  < 0.05; ***p < 0.01; robust standard errors in parentheses.
dummies and their period differences from this table. Each difference of the mean
values is not significantly different from zero.

5.3. Average treatment effects in the course of time

In this sub-section, we investigate potential changes of the aver-
age treatment effect on the treated over time. Table 5 presents the
results of OLS regressions of the ATT on a set of year dummies.
This specification’s constant represents the ATT of the year 2006,
our benchmark year. Table 5 shows that the ATTs on average
are positive and significant as expected. Regarding R&D expenses
and private R&D expenses, the ATT in 2009 is significantly lower

and even negative (0.763–1.006 < 0; 0.599–0.942 < 0) indicating a
crowding out effect. In 2010, the effect is still lower but larger
than zero (0.763–0.522 > 0; 0.599–0.464 > 0), indicating a smaller,
yet positive additionality effect. With regards to the R&D intensity

INT PRIVRDINT RDEMP PRIVRDEMP

010 −0.000 −0.000 −0.000
.025) (0.022) (0.003) (0.002)
.005 −0.004 0.002 0.002

.027) (0.025) (0.003) (0.003)
.056** −0.055*** −0.006** −0.006**

.023) (0.020) (0.003) (0.002)
.030 −0.033 −0.003 −0.003

.023) (0.020) (0.002) (0.002)

135*** 0.087*** 0.010*** 0.007***
.019) (0.017) (0.002) (0.002)

8 998 998 998
010 0.012 0.013 0.014
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Table 6
Probit estimation of first-time funded firms.

Coefficients Std. err.

Patemp 0.473 (0.813)
Lemp −0.053 (0.066)
Foreign −0.260 (0.246)
Export 0.177 (0.160)
Group 0.233 (0.157)
Lage −0.026 (0.082)
East  0.133 (0.120)
Salesgrowth −0.002 (0.005)
Credit 0.001 (0.002)
Credit mvd  −0.343 (0.496)
–
Industries
Low-tech manufacturing −0.421** (0.214)
High-tech manufacturing −0.467** (0.193)
Energy, water, recycling −1.162*** (0.301)
Wholesale −1.217* (0.652)
Transportation −0.185 (0.433)
ICT  −0.352 (0.232)
Consulting, advertising −0.450 (0.297)

Years
2007 0.083 (0.274)
2008 −0.168 (0.253)
2009 −0.519** (0.249)
2010 −1.379*** (0.201)

Constant 2.213*** (0.572)
Observations 1,175
Log-likelihood −320.3
McFadden R2 0.204
Industry dummies – chi2(7) 17.89**
Time dummies – chi2(4) 99.04***

Note: *p < 0.1; **p < 0.05; ***p < 0.01.

T
O

N

Fig. 2. Funding development for SMEs between 2006 and 2010.
ource: BMBF’s PROFI database. Own calculations.

ariables we find a smaller additionality effect in the crisis year
009 and no significant change for the post-crisis year.

Table A2 in the Appendix A shows a robustness check. We
resent results from pooled OLS regressions including interaction
erms for the subsidy dummy  and the year dummies. OLS models
o not account for selection of SMEs into the subsidy program. The
esults are nevertheless in line with the finding above suggesting
hat the subsidies were less effective in the crisis year and post crisis
ears.

.4. Potential explanations for the lower ATT

As mentioned in Section 3, the significantly lower ATT could
e due to a changed funding policy during the crisis or due to an
ltered investment behavior of the firms. Fig. 2 depicts the allo-
ation policy of the BMBF for SMEs over the observed period. In
006, 1226 projects were granted with an overall amount of about
21 million EUR. During the crisis, this amount corresponded to
35 million EUR for 1437 granted projects. This shows that the
MBF increased the number of projects granted as well as the total
mount in 2009. In 2010, pre-crisis levels are achieved. The peak of
009 could imply that the BMBF subsidized SMEs of lower average
quality” than in the pre-crisis years extending the pool of funded
ompanies.

In order to provide a formal test for potential quality differ-

nces of subsidy recipients before and during the crisis, Table 6
resents a probit regression of our control variables on a binary
ariable that takes on the value 1 if the firm has been subsi-
ized by the BMBF for the first time before the crisis of 2009.

able 7
LS results of the average treatment effects on time dummies – subsample of companies

RD PRIVRD RD

2007 −0.341 −0.329 0.
(0.315) (0.268) (0

2008 0.053 0.088 −0
(0.441) (0.397) (0

2009 −1.070*** −1.008*** −0
(0.334) (0.299) (0

2010 −0.502* −0.467* −0
(0.303) (0.262) (0

Constant 0.763*** 0.599** 0.
(0.286) (0.245) (0

Observations 896 896 89
R2  0.019 0.021 0.

ote: *p < 0.1; **p < 0.05; ***p < 0.01; robust standard errors in parentheses.
It takes on the value 0 if the firm has been subsidized by the
BMBF for the first time after the crisis started (i.e., after 2008).
The sample only includes firms that have received subsidies at
some point in their lifetime (1992–2010). If a first-time subsidy
recipient before and during the (post-) crisis periods differed in
terms of success indicators, we  would see significant differences
in these firm characteristics. The regression results, however, do
not uncover systematic differences between first-time subsidy
recipients in both periods indicating that the “quality” of the
subsidy recipients did not differ. The only significant differences
are found for some industry and time dummies. Therefore, we

reject that the crowding out effect during the crisis year 2009
and the lower additionally effect in 2010 are caused by system-

 that received R&D subsidies before, during and after the crisis.

INT PRIVRDINT RDEMP PRIVRDEMP

010 −0.000 −0.000 −0.000
.025) (0.022) (0.003) (0.002)
.005 −0.004 0.002 0.002

.027) (0.025) (0.003) (0.003)
.056** −0.057*** −0.006** −0.006***

.024) (0.021) (0.003) (0.002)
.028 −0.033 −0.003 −0.003

.025) (0.022) (0.002) (0.002)

135*** 0.087*** 0.010*** 0.007***
.019) (0.017) (0.002) (0.002)

6 896 896 896
010 0.012 0.013 0.015
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tic differences between subsidy recipients before the crisis and
fterwards.14

The alternative explanation for the crowding out effect is that
t is induced by firms’ altered investment behavior. Firms had to
ope with the negative consequences of the economic crisis. They
ay  have allocated the funds that they would have spent on R&D

rojects to business areas that they deemed more important dur-
ng the crisis. According to Rammer (2011), firms that were most
everely affected by the crisis have been R&D active firms. We  test
hether firms’ changed their R&D investment behavior during the

risis by focusing on the subsample of SMEs that received subsidies
efore and during the crisis. We repeat the regressions presented

n Table 5.
Table 7 shows the results. It appears that we find a crowding out

ffect for the crisis year 2009 and a smaller, but again positive treat-
ent effect for the post crisis year 2010 for R&D investment. This is

n line with the presumption that SMEs changed their investment
ehavior during the crisis rather than the altered innovation policy
ausing the reduced treatment effect in 2009.

. Conclusion

Our study examines the effects of R&D subsidies on SMEs’ R&D
pending during the most recent economic crisis. We  start by inves-
igating the average treatment effect on the treated (ATT) of direct
&D subsidies in Germany during the period 2006–2010. Using
ropensity score nearest neighbor matching, we  find an overall
ositive ATT for the observed period. Further results show that the
TT was negative in the crisis year 2009 indicating a crowding out
ffect. In the first post-crisis year, however, we find again evidence
or a positive, but still small effect of R&D subsidies on the subsi-
ized SMEs’ R&D investment behavior signaling that German SMEs
ecovered fast after the crisis’ peak.

In search for an explanation for the crowding out effect in 2009,
e investigate two potential causes. We  analyze whether the coun-

ercyclical innovation policy during the crisis is responsible for the
rowding out effect or whether a different investment behavior of
ubsidy recipients in the crisis year was the cause. The expansion
f the subsidy program during the crisis could have decreased the
verage “quality” of the subsidy recipients as compared to the pre-
risis years. This, in turn, could have lowered the average success
f the subsidy program. In order to provide a formal test, we com-
are first-time subsidy recipients before and during the crisis. The
esults show that there are no systematic differences between these
roups of firms in terms of innovation success indicators. In order to
nvestigate whether SMEs’ investment behavior has changed dur-
ng the crisis, we focus on the subsample of companies that received
ubsidies before, during and after the crisis and find that these com-
anies significantly reduced their R&D expenses in 2009. Hence, we
onclude that the crowding out effect is not caused by the R&D sub-
idy program expansion in the crisis years but that it is due to firm
ehavior. In order to cope with negative effects of the crisis, SMEs
eem to have shifted funds during the crisis that they would have
pent on R&D projects in non-crisis years, to other business areas,
uch as keeping their stock of employees.

The countercyclical innovation policy of the BMBF is likely to

ave had a stabilizing effect for SMEs helping them to pay the
ages of R&D workers and to start new projects. The crowding out

ffect lasted only for one year after which SMEs recovered from the

14 Additionally, we  compare firms that received subsidies before the crisis with
rms that received subsidies after the crisis started in terms of other economic
erformance characteristics, like labor productivity and innovation sales, as was
uggested by a reviewer, but do not find a significant difference there either. The
esults are presented in Table A4 in the Appendix A.
olicy 44 (2015) 1844–1855

first shock of the crisis and returned to their pre-crisis R&D invest-
ment behavior. The likelihood of negative long run effects for the
economy is hence low.

A limitation of our study is that we  can only focus on addi-
tionality effects of R&D subsidies on R&D input rather than on
additionality effects in terms of R&D output, a second measure of
high interest for policy makers.15 While it is feasible to focus on
input additionalities of R&D funding since they occur in the imme-
diate funding years, output effects are distributed over a period of
years after the funding was  received depending on the complex-
ity of the project. This means that the output effects of pre-crisis
funding are visible in the pre-crisis period as well as in the crisis
and in post-crisis years. Since we  cannot link particular innovation
projects to their success, a comparison of output effects of projects
funded before and during the crisis is not possible with the data at
hand.

It is also worth mentioning that Germany is one of the biggest
R&D spenders in the world. It is heavily specialized in manu-
facturing industries and has a high proportion of business R&D.
Germany’s R&D policy during the crisis may not work for other
countries where business R&D as a stock is lower and more volatile.
It would be of great policy interest to compare different innovation
policies during the crisis and their effectiveness for a set of countries
with different characteristics.

Furthermore, it would be of high interest to test the effectiveness
of research versus development subsidies during the past economic
crisis. Unfortunately, our data set is not detailed enough to provide
such an investigation, but other survey data such as the Flanders
R&D survey would allow for such an analysis (see Hottenrott et al.,
2014). Another important factor that we cannot take into account
due to data limitations is the effect of collaboration on the effec-
tiveness of R&D subsidies during the crisis (Czarnitzki et al., 2007).
This is another important avenue for future research.

Lastly, the limitations of the matching approach should be
acknowledged. Most important is the fact that the matching
method only accounts for selection based on observable character-
istics. In light of the previous literature that finds similar results for
the direct R&D subsidy program in Germany independent of the
method that has been employed (see e.g., Almus and Czarnitzki,
2003; Czarnitzki et al., 2007; and Hussinger, 2008), we  believe that
this is a minor issue in our particular context.
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Appendix A.
See Tables A1–A4.

15 See Brautzsch et al. (2015) for a study examining R&D output effects during the
most recent crisis in Germany.
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Table  A1
Descriptive statistics between the pre-crisis and (post-) crisis periods.

Pre-crisis period (2006–2008) N = 6172 Crisis-/post-crisis period (2009–2010) N = 4335 t-Test

Mean Std. dev. Mean Std. dev.

Covariates
Sub t-4 0.036 0.187 0.041 0.198
Patemp 0.004 0.030 0.004 0.033
Lemp 3.230 1.094 3.143 1.097 ***
Foreign 0.054 0.226 0.043 0.202 ***
Export 0.449 0.497 0.433 0.495 *
Group 0.226 0.418 0.203 0.402 ***
Lage  3.033 0.866 3.088 0.839 ***
East  0.345 0.476 0.341 0.474
Salesgrowth 5.287 9.349 -1.172 16.691 ***
Credit 225.297 65.640 225.888 62.202
Credit mvd 0.034 0.182 0.034 0.181

Outcome variables
RD 0.110 1.055 0.086 0.534
PRIVRD 0.098 0.942 0.074 0.508 *
RDINT 0.019 0.089 0.019 0.085
PRIVRDINT 0.014 0.076 0.013 0.065
RDEMP 0.002 0.009 0.002 0.007
PRIVRDEMP 0.001 0.008 0.001 0.006

Note: *p < 0.1; **p < 0.05; ***p < 0.01.

Table A2
OLS regression of the model variables on the outcome variables.

RD RDINT RDEMP PRIVRD PRIVRDINT PRIVRDEMP

Sub 0.812** 0.138*** 0.011*** 0.652** 0.092*** 0.007***
(0.339) (0.017) (0.002) (0.286) (0.015) (0.002)

Sub  (2007) −0.426** −0.029* −0.003** −0.412* −0.039** −0.004**
(0.214) (0.017) (0.002) (0.212) (0.015) (0.002)

Sub  (2008) −0.106 −0.028 0.000 −0.066 −0.027 0.000
(0.142) (0.020) (0.002) (0.144) (0.018) (0.002)

Sub  (2009) −0.615* 0.059*** −0.004* −0.525* −0.052*** −0.003*
(0.344) (0.021) (0.002) (0.292) (0.018) (0.002)

Sub  (2010) −0.567* −0.046** −0.004* −0.491* −0.046*** −0.004**
(0.341) (0.020) (0.002) (0.289) (0.017) (0.002)

Sub  t-4 0.042 0.030 0.002 0.065 0.028* 0.002
(0.300) (0.019) (0.002) (0.251) (0.017) (0.002)

Patemp 3.061** 0.651*** 0.066** 2.832** 0.569** 0.059**
(1.279) (0.245) (0.028) (1.201) (0.241) (0.026)

Lemp 0.104*** −0.001 0.000 0.095*** 0.001 0.000
(0.031) (0.001) (0.000) (0.026) (0.001) (0.000)

Foreign 0.243 −0.004 0.001 0.216 −0.003 0.001
(0.186) (0.006) (0.001) (0.156) (0.005) (0.001)

Export −0.011  0.010*** 0.001** −0.008 0.010*** 0.001***
(0.023) (0.003) (0.000) (0.021) (0.003) (0.000)

Group −0.037  −0.004 −0.000 −0.024 −0.002 −0.000
(0.041) (0.003) (0.000) (0.037) (0.003) (0.000)

Lage −0.035  −0.003** −0.000** −0.030 −0.001 −0.000**
(0.027) (0.001) (0.000) (0.023) (0.001) (0.000)

East −0.000 0.004 0.000 −0.003 0.005* 0.000
(0.036) (0.003) (0.000) (0.031) (0.003) (0.000)

Salesgrowth −0.001  0.000 −0.000 −0.000 0.000 −0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Credit −0.000 0.000* −0.000 −0.000 0.000* −0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Credit mvd −0.104 0.016** 0.001 −0.086 0.013 0.000
(0.139) (0.008) (0.001) (0.120) (0.008) (0.001)

Constant −0.106  −0.004 0.001 −0.112 −0.014* −0.000
(0.091) (0.008) (0.001) (0.080) (0.008) (0.001)

Observations 10,527 10,527 10,527 10,527 10,527 10,527
Time  dummies – F(3) 1.510 3.01** 1.910 1.610 2.64* 2.010
Industry dummies – F(8) 4.63*** 8.73*** 9.89*** 4.77*** 8.01*** 9.68***
Period interactions – F(20) 0.930 1.160 1.340 0.900 1.260 1.360

Note: *p < 0.1; **p < 0.05; ***p < 0.01; robust standard errors in parentheses.
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Table A3
Additionally estimated coefficients of the probit model presented in Table 3.

Coefficients Std. err.

Controlling for period differences
Sub t-4 period −0.199 (0.177)
Patemp period 12.221*** (2.045)
Lemp period −0.025 (0.049)
Foreign period −0.250 (0.202)
Export period −0.009 (0.111)
Group period 0.139 (0.124)
Lage period −0.141** (0.062)
East period −0.353*** (0.096)
Salesgrowth period 0.005 (0.004)
Credit period 0.001 (0.001)
Credit mvd period 0.046 (0.382)
Mining period −0.563 (0.610)
Low-tech manufacturing period 0.256* (0.150)
High-tech manufacturing period 0.372** (0.152)
Energy, water, recycling period 0.129 (0.247)
Wholesale period 0.523 (0.463)
Transportation period 0.554** (0.275)
ICT period 0.092 (0.178)
Consulting, advertising period 0.528** (0.233)

Note: *p < 0.1; **p  < 0.05; ***p < 0.01.

Table A4
Further comparison of treated companies before and after the crisis.

Additional indicators Treated
before
2009 –
mean value

Treated
after 2008
– mean
value

t-Test p-Values

Log  labour productivity −2.349 −2.318 0.502
Tangible assets (in Mio. EUR) 3.017 3.034 0.980
Capital intensity 0.041 0.044 0.608
Innovators 0.829 0.855 0.256
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