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EVALUATING THE IMPACT
OF PUBLIC POLICIES ON LARGE FIRMS:
A SYNTHETIC CONTROL APPROACH
TO SCIENCE-INDUSTRY TRANSFER
POLICIES

Corinne Autant-Bernard’, Ruben Fotso?, Nadine Massard?

- Keywords: impact evaluation, R&D policy, large firms, synthetic
control method, Technological Research Institutes (TRIs).

1. INTRODUCTION

According to the OECD Science, Technology and Industry Scoreboard
(2015), only 250 companies perform more than 60% of global R&D.
Moreover, since most public funding is proportional to private R&D
spending, a small number of large corporate players receive the larg-
est share of public funding. For instance, in 2016, large French compa-
nies* received around 73% of direct public R&D support whereas SMEs

1 Corinne Autant-Bernard, Université Jean Monnet Saint-Etienne, CNRS, Université
Lyon 2, GATE Lyon Saint-Etienne UMR 5824, F-42023, SAINT-ETIENNE, FRANCE.

2 Ruben Fotso, Université Jean Monnet Saint-Etienne, CNRS, Université Lyon 2,
GATE Lyon Saint-Etienne UMR 5824, F-42023, SAINT-ETIENNE, FRANCE.

3 Nadine Massard, Université Grenoble Alpes, CNRS, INRAE, Grenoble INP, GAEL,
38000 Grenoble, France

4 Firms with more than 5,000 employees or more than 1.5 billion euros in turn-
over and more than 2 billion euros in total assets. They are 274 such firms in
France.
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and mid-cap companies respectively received 20% and 7%5. Despite
the importance of these large actors, literature on the quantitative
microeconomic evaluation of the effect of government-sponsored R&D
programmes mainly focuses on small- and medium-sized enterprises
(SME) (Dimos and Pugh, 2016). Many arguments are put forward to jus-
tify the focus of evaluation studies on SMEs, among them it is often
argued that smaller firms face greater obstacles to innovate while
being important job generators (Debrand, 2018). Only very few stud-
ies include both small and large firms (Criscuolo et al. 2012, Bondonio
et al. 2015, Dujardin et al. 2015, Ben Hassine and Mathieu, 2017, Greco et
al., 2017, Vanino et al., 2019, Amdaoud et Zouikri, 2019). They provide
either no specific assessment or inconclusive results on the impact
of innovation policies on large firms. Although there are some the-
oretical explanations for the limited impact of R&D policies on large
firms (the lower share of aid in the R&D investments of big companies
or the higher risk of opportunistic behaviour), methodological prob-
lems often prevent the production of significant and robust statisti-
cal results.

Indeed, due to the scarcity and heterogeneity of large firms, it is dif-
ficult or impossible to find proper counterfactuals for them and thus
to predict what would have happened without public intervention, as
well as to make proper inferences on the impact of the programme.
This paper aims to tackle these methodological issues.

We argue that the synthetic control method (SCM) developed by Abadie
and Gardeazabal (2003), and Abadie et al. (2010) to assess policy impacts
at the regional or country level may constitute a relevant tool for evalu-
ating the effectiveness of public policy on large firms. As stated by Athey
and Imbens (2017), the SCM is arguably the most important innovation
in the policy evaluation literature in the past 15 years. This method
builds on an estimation of difference-in-differences (DiD), but offers
several advantages. Firstly, it moves away from using a single control
unit or a simple average of control units, and instead uses a weighted
average of the set of controls, allowing us to build a counterfactual

5 Accordingto the French Ministry of Higher Education and Research (MHER, 2018).
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situation for very large firms. Secondly, the SCM provides individual
impact evaluation for each firm, rather than computing an average
treatment effect, which allows taking full account of inter-individual
heterogeneity. Thirdly, this quantitative approach could be combined
with more qualitative information in order to understand the sources
of heterogeneity and therefore to improve the design of public policies.

The paper first discusses the methodological difficulties faced when it
comes to evaluating the impact of public intervention on large firms.
The solutions offered by the SCM are then analysed and illustrated
through empirical application to a science-industry transfer policy.
Such programmes aim not only at fostering private R&D investment
but also at promoting collaborative behaviours. Large enterprises are
often at the heart of science-industry transfer programmes and public
funding is mainly justified as helping to remove obstacles due to the
collective organisation of R&D and the transformation of research into
open and valuable innovations. The French Technological Research
Institutes (TRIs) programme is an iconic example of such policy. It offers
a relevant field of application to demonstrate the advantages of SCM by
assessing the impact of this programme on the R&D behaviour of large
firms. Derived from one of the largest French investment programmes
implemented in 2012, TRIs are interdisciplinary research institutes
which bring together private actors and public research organisations
around a strategic research programme, encouraging them to work
together through technological platforms in order to accelerate the
transfer of knowledge to industry and boost firms’ investment in R&D.
Large companies play a key part in this process as they provide physi-
cal and intangible assets and human resources that interact with sci-
entists in the public sector.

Several impact evaluation analyses have already been carried out on
TRIs. Fotso (2022) studies their direct and indirect effects on SMEs
while the Technopolis Report (2020) focuses on the direct impacts on
SMEs and Intermediate size enterprises. The results of these studies
show that the performance of the firms benefiting from the program is
significantly improved compared to those of the counterfactual compa-
nies, in terms of R&D budget and financial performances, while a more
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ambiguous effect on employment is observed. This study differs from
these previous evaluations by proposing an analysis of the impact not
on SMEs and Intermediate size enterprises, but on the very large com-
panies involved in the program.

Furthermore, the French TRIs were designed in the same spirit as the
Fraunhofer-Gesellschaft institutes in Germany®. The latter have been
the subject of several impact evaluations of their activities on the
national economy, German industry and, more extensively, on their
cooperation partners. Several recent studies thus confirm the added
value provided by these Fraunhofer-Gesellschaft institutes, either at
the macroeconomic level (Roy, 2020; Comin, 2021; Schubert, 2021), or at
the company level (Comin, 2019; Frietsch, 2022). As in the French case,
there is however no assessment of the causal effect on very large com-
panies so far.

Our evaluation relies on data covering a long period of pre-treatment
(1998—2011) and ongoing treatment (2012—2015). In such a context of
small sample and high heterogeneity of firms, we show that the stand-
ard DiD method cannot be applied while the fixed effects model would
lead to biased results, because it fails to take into account certain impor-
tant characteristics of large firms, in particular the long-term effect of
their strategies (mergers, acquisitions, etc.) and the trend of the input
indicators of these companies. The random trend model offers an inter-
esting alternative although continues to be limited for statistical infer-
ence on such a small sample.

In the specific case of our science-industry transfer programme, the
SCM reveals no systematic impact. A leverage effect was found on the
R&D inputs of one firm, but a negative effect was observed on another,
suggesting a windfall strategy of this participating firm. A signifi-
cant positive impact of the programme on R&D cooperative behaviour
was also only revealed for one company, as this firm shows a higher
tendency to develop external R&D compared to its synthetic control.
Such heterogeneous individual results open the way toward a more

6 See also Caloffi et Bellandi (2017) and Ciucci (2021) for a presentation of such pro-
grams in the Italian context.
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comprehensive qualitative interpretation of the effectiveness of the
programme by considering the role of firms’ characteristics and strate-
gies as well as the way this new platform-based science-industry initi-
ative is implemented.

This paper therefore contributes to the literature in three ways. From
a methodological perspective, it suggests that the SCM could be a use-
ful approach to evaluating the policies from which large firm benefit.
It could therefore, open new avenues for research into policy impact
evaluation at the firm level. From a policy perspective, we apply this
method to a new science-industry transfer policy. Recently imple-
mented in France, this policy strongly involves a number of large com-
panies, whereas the few existing causal evaluation studies on this policy
and similar policies in other countries exclude large companies from
the field of observation. Its assessment therefore extends the emerging
literature evaluating similar policies. Finally, from an interpretative
perspective, it appears relevant to combine the quantitative SCM with
more qualitative information in order to understand the heterogenous
effects of the policy. Although in our case, firm-specific information is
not exploitable due to confidentiality issues, some specificities of the
technological platforms may explain their varying ability to increase
large firm R&D investments.

The rest of the paper is organised as follows. Section 2 reviews the most
significant methodological difficulties that hamper the quantitative
impact evaluation of R&D public policies for large companies. Section 3
presents how the SCM could solve these difficulties. Section 4 goes on
to describe the French TRI programme and our identification strat-
egy, and Section 5 presents how the SCM is applied in practice, before
concluding on the pros and cons of using the SCM compared to other
methods of impact evaluation. Section 6 concludes with both the policy
evaluation results and methodological issues, calling for a systematic
evaluation of the impact of public policies on large firms.
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2. WHY IS QUANTITATIVE IMPACT
EVALUATION DIFFICULT WHEN IT COMES
TO LARGE FIRMS?

When randomised experiments are unfeasible, which is most often the
case when evaluating economic policies, quasi-experimental designs
can be exploited to evaluate causal treatment effects (Imbens and Rubin,
2015). The principle of the quasi-experimental evaluation method con-
sists in finding individuals who are not affected by the measure, but
who are as comparable as possible in terms of their initial character-
istics to those who have benefited from it (known as ‘treated’ individ-
uals). These non-recipients are referred to as the ‘control group’. They
make it possible to estimate what would have been observed for the
beneficiaries of the policy had it not been implemented, and therefore
make it possible to estimate the effect of the treatment, reducing bias
due to confounding factors. In other words, they make it possible to
reconstruct what is known as the ‘counterfactual’ situation. Measuring
the impact of a public policy then compares this virtual scenario with-
out the policy with what can be observed when the policy has been
put in place. This comparison can be made using a single difference
between the two groups (beneficiaries and non-beneficiaries) or using
double-differences (variation observed for beneficiaries compared to
variation observed for non-beneficiaries).

Such traditional programme evaluation methods rely on a number
of assumptions necessary to identify a causal effect (see Angrist and
Pischke, 2008). However, these assumptions are rarely verified for
large companies. This is due to two characteristics of very large firms:
their small number and their great heterogeneity.

2.1. Difficulty building the counterfactual

The main risk of quasi-experimental methods is the lack of similar-
ity between the beneficiary group (treated) and the non-beneficiary
group (controls). Before the intervention, the control and treatment
groups should be as similar as possible in order to estimate the effect
of the treatment and reduce bias due to confounding factors. While
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there are many methods for constructing this counterfactual (most
of them relying on the propensity score’), none is well-suited to very
large companies. A low number of observations reduces the possibility
of matching. With only a few dozen observations, it is unlikely that
a valid counterfactual can be found for each of the treated individu-
als. This is all the more critical since the robustness of the counterfac-
tual methods depends on the number of controls available for the same
treated unit.

This difficulty is compounded by the heterogeneous nature of large
companies and the fact that, very often, one or a few very large firms
dominate a given industry (BEIS, 2017). In addition, in many cases,
most large firms benefit from the policy, reducing the possibility of
finding non-treated firms.

For all these reasons, traditional methods of constructing a counterfac-
tual are not suitable for large companies. The use of panel data over-
comes some of these limitations by introducing individual fixed effects.
However, we will see below that these fixed-effect models provide only
a limited solution.

2.2. Difficulty forecasting what would have
happened without the policy

The DiD method, which consists of differentiating between the situ-
ations after and before the policy in each of the groups (beneficiar-
ies and non-beneficiaries) and identifying the difference, is only valid
under the assumption of a common trend between the two groups, i.e.
the relevant indicators (e.g. the company’s economic performance) fol-
low the same trajectory for the policy beneficiary group and the con-
trol group. However, this hypothesis is quite strong in the case of large
companies due to their high heterogeneity. Large companies are often
subject to previous individual shocks (acquisitions, disposals, etc.) that
will not be without consequences on their current performance. Firms’
strategic behaviours can therefore make it difficult to identify the

7 See Stuart (2010) for a review.
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specific effects of the policy. Moreover, large firms may benefit from
several programmes at the same time, which may prevent identifica-
tion of the specific effect of each.

2.3. Difficulty making inferences

Most standard evaluation methods are based on the Gaussian model.
Due to the small number of observations when analysing very large
firms, it is difficult to consider that the law of the sample is Gaussian.
Therefore, a linear regression model cannot be used to assess the impact
of a programme.

In addition, given the very strong heterogeneity of large companies, it
is likely that the impacts of the programmes will be specific to each
firm. Traditional methods of impact assessment could enable an explicit
consideration of heterogeneous effects. However, these methods require
the identification of a variable at the origin of this heterogeneity and
they do not make it possible to evaluate differentiated effects for each
individual. Once again, the use of panel data may offer interesting
improvements. Fixed effects can capture the individual specificities of
companies. However, it is important to go beyond this in order to be able
to measure not an average effect but an individual effect of the policy.

For all these reasons, traditional programme evaluation methods are
not suitable for large companies. The synthetic control method, ini-
tially developed by Abadie et al. (2010) to evaluate programmes on a
regional scale, may offer interesting solutions.

3. HOW THE SYNTHETIC CONTROL METHOD
(SCM) COULD SOLVE THE DIFFICULTIES

3.1. Building counterfactual situations with the SCM
The main challenge of this method is to construct the counterfactual

of a single treated unit. According to the SCM (Abadie et al., 2003), the
counterfactual of a single treated unit is estimated by the weighted
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linear combination of untreated companies that best reproduces the
characteristics of the treated unit over time, prior to the treatment.
The principle of counterfactual construction is to find the weight (or
proportion) that minimises the distance between the values of the pre-
treatment variables of the treated unit and the values of the same var-
iables of the other untreated units. To do this, all the untreated units
are considered to belong to a pool of potential counterfactual units that
Abadie and Gardeazabal (2003) called the “donor pool”, and each of the
potential counterfactual units is supposed to contribute in a certain
proportion (weight) to the reconstruction of the values of the pre-treat-
ment variables for the treated unit.

To better understand this approach, following Abadie et al. (2015), let us
suppose a sample of J + 1 units that are observed, where j = 1 is the unit
that is exposed to treatment, so that the remaining J units (from j = 2
to j = J + 1) are considered as potential counterfactual units, i.e., the
units constituting the donor pool.

Now, suppose that the sample is a balanced panel, i.e., a set of longitudi-
nal data where all units are observed at the same time period, t=1... T.
The study period is divided into two periods: a pre-treatment period
that includes a number of periods T_ and a post-treatment period that
includes a number of periods T so that T = T_+ T.. In order to simplify
the formalisation, suppose that the treated unit “1" is exposed to the
intervention during the periods T +1,...,T, and that the intervention
has no effect during the pre-treatment period 1, ..., T_.

Let us now consider a weight vector of dimension (J x 1), W = (wz,
WJH)' such as o < W, <1and w+ ... +W, =L Each particular value of
the vector W represents the weight of unit j in the synthetic control
(Abadie et al., 2010). Therefore, the choice of a subset of valid control
units depends on the values of the vector W. Let V be a diagonal weight
matrix with non-negative values. The values v_of the diagonal elements
of V reflect the relative importance of different predictors r (pre-treat-
ment characteristics) of the treated unit with o < v <1 and VAV
=1. Suppose that the weight vector W¥ represents the set of optimal
values that minimise the distance between the values of the pre-treat-

ment variables of the treated unit and those of the control units. Let us
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designate the variable Y as a vector of a dimension (T x 1) containing
the values of the outcome variable of the treated unit during T periods
and YJT, a matrix of dimension (T x J) containing the values of the same
outcome variables for the J control units. Let us designate by X , a
dimension vector (KT x 1) of the pre-treatment values of the predictive
variables associated with the outcome variable Y  and X a dimension
matrix (KT x J) which contains the values of the same varlables for the
J potential control units. Note that the predictive variables must not be

affected by the intervention.

The determination of the optimal weights W¥ is carried out in two
phases of the optimisation process (Kaul et al. 2018). The first phase
called “inner optimisation” consists of searching a combination of
untreated units in the donor pool so that the difference between the
values of predictive variables of the treated unit and the control units
is as small as possible. This difference is measured by the following
metric distance:

HXlTo _X/TOWHV :\/(XITO _X/TOW)'V(XITO XW) o

Thus, for any given prediction weight V, internal optimisation consists
in finding the non-negative weights W of the untreated units summing

up to the unit (w_+ ... + w,_ = 1) such that:
2 J+1

\/(Xwo _X/TE)W)'V(XITE) —X/TOW)—>m1'n. (2)

The solution to this problem is given by W' (V).

Once the optimal weights W™ are determined as a function of V, the
second phase of the optimisation process called “outer optimisation”
consists in finding the optimal weights of the predictive variables.
Following a data-driven approach, Abadie and Gardeazabal (2003) and
Abadie et al. (2010) propose choosing V from all defined positive and
diagonal matrices such that the mean squared prediction error of the
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outcome variable is minimised during the pre-treatment periods. The

mean squared prediction error (MSPE) is given by:

L5 J :

wsee(r)= L3 (n 3w | |
=1

0 t=1

Thus, the results of the “outer optimisation” problem? are given by:

(XITO —X/TOW*(V)) (XlTo —X/T()W*(V))—>min ()

V is thus selected to weight covariates in accordance with their predic-
tive power on the outcome.

After determining the optimal weights, we sought to estimate the coun-
terfactual trajectory of the treated unit, i.e., the trajectory of the out-
come variable that the treated unit would have known in the absence
of treatment.

3.2. Using the SCM to forecast what would have
happened without the policy

The SCM is based on the principle that if the synthetic control provides
a good approximation of the result for the treated unit over a long pre-
treatment period, then any subsequent difference between the treated
unit and the synthetic control could be attributed to the effect of treat-
ment on the outcome (identification assumption).

The counterfactual trajectory of the outcome variable is estimated by
the weighted linear combination of the same outcome variables of the

8 In practice, the SYNTH package of the R software automatically provides the
optimal vector weights corresponding to the solutions of the two optimisation
phases.
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untreated units. The estimated counterfactual of the outcome variable
of the treated unit is thus given by:

J+l1
Y, = zyjtwj (s)
j=2

where W* is the vector of optimal weights which minimise the dis-
tance between the values of the pre-treatment variables and those of
the same pre-treatment variables of untreated units.

To assess the impact of the intervention on the treated unit, we simply
compare the results of treated unit after treatment with those that the
unit would have achieved in the absence of treatment.

This assumes that the outcome variable Y, of the treated unit can take
two possible values: Yll, the value observed after treatment and Yl?, the
value that it would have obtained in the absence of treatment.

y!
Y, = lg Fort=1, 2, ... Ty, To+1, Ty+2, ...T (6)
1t

The objective is therefore to estimate the annual effects of treatment:

alT},H' a17B+2’ alT

Where «, =Yll —Ylg (7)

By definition, Ylf is not observable, in the sense that it is the value

that the variable Y1 . would have recorded if the treated unit had not

been treated.

Suppose now a general model for the potential results of all units such
that the outcome variable of unit i at time t is given by:

Y, =Y -a,D, (8)
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Withi =1, ... J+1 and D, is the indicator of treatment that takes the
value 1 if the uniti is treated and t > T, and 0 otherwise. Abadie et al.

(2010) formulate the variable YI? by using the following linear model:
0 .
Y, =5t +9tXI. +y.u,+&,;foralli=1, .. Jtrand forallt=1,... T. (9)

where é; is a vector of common time-specific effects, with constant
individual effects between units, 9[ a vector of unknown time-specific
parameters, X ; the observed predictive variables that are relevant to
the outcome variable. ; an unobservable effect specific to the unit i,
V+an unknown common factor. &, anot observed transitory shock at
level i with a zero average for any conditional i (5[, X, 1)

By using the linear factor model just described in (9), Abadie et al. (2010)
show that if the number of pre-intervention periods is large relative to
the scale of transitory shocks, we can choose W* such that:

J+1 J+1
ZW/.Y/.TO :ero and ZWI.XI. =X, (10)
=2 =2
J+1
Then, a = YIT1 — Z:W/.Y/.T1 (11)
=2

is an unbiased estimator of o for the Ty+1, ... T periods, i.e., the impact
of the programme. Thus, for each post-intervention period t (where
t< TO), the synthetic control estimator of the treatment effect is given
by comparing the result of the treated unit with the result of the syn-
thetic control in that period.

The estimator of annual effects on the treated unit “1” at time t is given
by:
J+1
_y!l _ * _
=Y, ZW/.Y/.t fort="Ty+r, ... T (12)

j=2

alt

It is also possible to estimate the average annual effect of treatment on
the treated unit by:
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1 T J+1
al = T_T Z YI[’ - W]}//l’ (13)
0 t=T+1 j=2

A note of caution is necessary here. Implementation of the SCM often
faces two main problems: interpolation bias and over-adjustment.
‘Interpolation’ bias refers to the distance between the function that
generates the values of outcome variable for the treated unit and the
one approximated using the SCM. These biases may be severe if the
donor pool contains units with very different characteristics from
those in the treated unit or if the relationship between the outcome
variable and the explanatory variables in X  and X, is highly non-lin-
ear (Abadie et al., 2010). Over-adjustment may occur when the character-
istics of the unit affected by the intervention are artificially matched
by combining idiosyncratic variations in a large sample of unaffected
units (Abadie et al., 2015).

3.3. Using the SCM to draw inferences

It is difficult, or even impossible, to apply traditional statistical infer-
ence approaches to comparative case studies due to the small sample
size, lack of randomisation and the fact that probability sampling is
not used to select sampling units (Abadie et al., 2015). Therefore, the
SCM proposes other inference methods to assess the significance of the
estimates. It is recommended conducting placebo studies: “in-time pla-
cebo” or “in-unit placebo” (Abadie et al., 2010). In the first, the exercise
consists in replacing the date of the intervention with a date on which
the intervention did not take place (Heckman & Hotz 1989). If the SCM
provides a proper counterfactual, a null effect should be obtained at
this date, otherwise this method did not correctly predict the trajec-
tory of the results. Abadie et al. (2015) and Saia (2017) have applied this
test. The second placebo test relies on the same principle by using a fake
treated unit selected randomly from the donor pool. It has been used
in several studies including Abadie and Gardeazabal (2003), DiNardo
and Pischke (1997), Angrist and Krueger (1999), Auld and Grootendorst
(2004), Abadie et al. (2015), and Saia (2017). Similarly, Abadie et al. (2010)
propose implementing an extensive version of the placebo test in
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relation to the unit. Their idea of the placebo test is similar to the clas-
sic permutation inference framework, where the distribution of a test
statistic is calculated under random permutations of the sample unit
assignments to the intervention and non-intervention groups. As in
the permutation tests, they apply the SCM to each untreated unit in
the donor pool. This makes it possible to assess whether the effect esti-
mated by the synthetic control for the unit affected by the interven-
tion is significant, compared to the effect estimated for a randomly
selected unit. We also rely on this last version in the empirical part.

4. EMPIRICAL ANALYSIS
AND IDENTIFICATION STRATEGY

4.1. The Technological Research Institute policy
and its expected impacts

In the aftermath of the 2008 crisis, the French government wanted to
carry out structural action by launching a vast investment programme
known as the “Programme d'Investissement d’Avenir” (P1A). With a
current budget of 57 billion euros, this programme focuses on several
major areas including higher education, training and research; indus-
trial sectors and SMEs; the digital economy; sustainable development,
and defines several actions, including the creation of the Technological
Research Institutes (TRIs) in 2012. Conceived by the State as a tool for
strengthening long-term partnerships between public research, higher
education and companies dedicated to the development of market-ori-
ented technological research, they rely on founders who are notably
academic and industrial players. The government finances the TRIs but
expects also the contribution of companies and academics in a logic
of co-investment and pooling to share collectively the risks associ-
ated with technological innovation. This logic of multilateral coopera-
tion, co-located around technological platforms and high-level research
teams is based on two assumptions:

- industrial partners only co-finance a project if they have an
interest in the work and the expected results, which avoids
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opportunistic research projects solely motivated by the prospect
of obtaining public aid;

- in the event that an industrial co-financier loses interest in
exploiting the results of a project, the Institute, which retains
the intellectual property rights to the results, is able to imple-
ment another channel for promoting these results.

The expected impacts of TRIs are of several types. They relate first to
the research investment and research output, in particular patents
or scientific and technological developments. They then concern the
development and structuring of sectors and innovation campuses®.
However, no specific indicators of success were clearly pointed out by
the Ministry prior to the implementation of the policy.

The cost to the taxpayer of the eight TRIs created in France over eight
years (2012-2020) was 2 billion euros, reflecting the expectation that
this initiative will bring substantial rewards for French society that
are important to assess. Fifty percent of TRI activities are financed by
public sector funding and 50% comes from private actors. The private
actors are mainly very large firms that support TRIs with cash, qual-
ified human resources, and/or machines and equipment. Such pub-
lic-private co-investments should enable large companies to acquire
higher levels of technology. Risk sharing is also likely to encourage
breakthrough innovations, enabling strategic markets to be conquered.
In addition, training students through these platforms should make it
possible to offer companies a high-level workforce that is better adapted

9 The French Ministry stresses this objective of the TRIs as follow: “The TRI aims
at: (i) Developing collaborations between public research and companies around
common research challenges, shared means and tools and thus stimulating the
transfer of knowledge through partnerships; (ii) Stimulating the production of
knowledge thanks to the decompartmentalization between specialties and dis-
ciplines. Achieving excellence and producing innovations in key sectors; (iii)
Strengthening the ecosystems formed by competitiveness clusters and strength-
ening the competitiveness of industrial sectors and/or services in order to cre-
ate value and employment; (iv) Contributing to the professional integration of
students by training students on high-level platforms as close as possible to the
needs identified by companies.” Source: https://www.enseignementsup-recherche.gouv.
fr/fr/les-instituts-de-recherche-technologique-irt-46411
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to companies’ needs. Directly inspired from the German Frauhofer
Institutes, and also quite similar to the British Catapult Platforms,
TRIs emerged as a response to this particular situation. These long-
term partnerships between large companies and higher education and
research institutions are therefore expected to bring economic benefits
to large companies in terms of R&D, innovation and, in the long term,
market share and employment. Due to the lack of temporal hindsight,
the impacts that we can expect to observe at this time are mainly those
regarding R&D investments. Two types of leverage effects are expected.
First, a classical input additionality effect, which consists in comparing
policy expenditures with the additional amount of R&D spent by pri-
vate firms. When policy expenditure is more than compensated for by
the additional amount of business R&D spending, this describes what
is known as a “crowding-in” or “leverage” effect, indicating a comple-
mentarity between public and private funds. Second, a behavioural
additionality effect is also expected. As defined by Clarysse et al., 2009
behavioural additionality is related to changes in processes that take
place within the firms that benefit from public policies. More precisely
concerning TRIs, beneficiary firms are expected to change their R&D
collaboration behaviour by developing interactions with other actors in
the TRI, particularly public ones. Large firms may invest in R&D activ-
ities while using the platform. They may however, also choose to out-
source part of their research through this platform to public research
labs. More broadly, the new research projects established as a result of
the platform might increase their needs for complementary outsourced
R&D. It is worth noting that these two objectives are not trivial for
TRIs, especially when this concerns large firms. Indeed, in the extant
literature, the very few studies that take into account the size of com-
panies often show no significant impact of R&D policies on large com-
panies. Authors explain this absence of significant additional effects
either by the low level of public support compared to the total amount
of the firm's R&D investment, or by the greater risk of opportunistic
behaviour by these companies (Jugend et al., 2020). Moreover, esti-
mating how distinct firms’ characteristics influence the realisation of
behavioural additionalities (Wansenbéck et al., 2013) shows that larger
firms which are more R&D intensive are also less likely to substanti-
ate behavioural additionalities (measured by project and cooperation
behaviour in particular). In the same vein, Greco et al. (2017) show how
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difficult it is to define efficient public subsidies to foster open-innova-
tion dynamics, especially for large firms. However, these conclusions
are not very informative for the public authorities, since it is diffi-
cult to determine whether the lack of significant impact is due to the
behaviour of the firms or merely to the statistical difficulties of meas-
uring the impact for this type of firm.

Our objective in this study is to use the proper method to provide
more refined results on the influence of the TRIs on the behaviour
of large recipient firms. Specifically, we consider three outcome vari-
ables (total R&D expenditure net of public funds, R&D self-financing, and exter-
nal R&D expenditure). The first two are indicators of input additionality.
Total R&rD expenditure net of public funds is an interesting indica-
tor to capture the R&D efforts induced by participation in TRIs, while
neutralising the monetary support granted to large companies. Self-
financing of R&D is an essential variable that will make it possible to
verify whether the estimated impact is not a windfall effect for the
company but rather a leverage effect. The third indicator of external
R&D expenditure, is an indicator of behavioural additionality as it may
be used as a proxy for collaborative practices in Ré&rD.

In order to assess whether a leverage effect on R&D occurs, we put spe-
cial emphasis on two TRIs, namely Nanoelec and Bioaster, located in
the Rhone-Alpes region of France. Two large firms are involved in these
two TRIs: STmicroelectronics and Schneider electrics in Nanoelec, and
Sanofi Pasteur and Biomérieux in Bioaster. The average annual budget
of Nanoelec is 54 million euros (source: Nanoélec 2021 Report), includ-
ing an average of 16 million euros in PIA grants (source: ANR 2022). The
average annual budget of BioAster is 21 million euros (source: National
Assembly Report 2020), including an average of ¢ million euros in PIA
grants (source: ANR 2022)™. BioAster is thus in the average of TRIs in

10 The assumption is made here that the annual amounts remained more or less
stable over the period, given that the details of the co-financing of IRT and ITE
projects by year are only available from 2015 onwards. For the period 2012-2014,
annual information was not included in the reporting required by the State.
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terms of funding structure (42% of PIA fundings at the national level ")
while Nanoélec is distinguished by a contribution of private funds
much higher than that of other TRIs. In terms of subsidies from the
PIA, these two TRIs represent 31% of public funding allocated to the
TRI programme.

As part of a regional project, interviews were conducted with these
two platforms and we were given specific access to information about
them. As detailed below, this made it possible to precisely identify the
four large companies involved in these two TRIs as private founding
members.

4.2. Ildentification strategy

Our ability to identify whether large firms would have undertaken the
same level of R&D in the absence of the TRIs faces traditional prob-
lems of sample selection and endogeneity in the evaluation of innova-
tion policies (Afcha and Garcia-Quevedo, 2016). The selection problem
arises because it is only possible to observe the performance of firms
that are participating in the policy. The second problem is that the var-
iables used to measure the effect of public intervention (e.g. private
intervention in R&D) could be endogenously determined if we assume
that firms making a greater effort in R&D are more likely to be part
of a TRI.

Our identification strategy relies on a comparative interrupted time
series design (CITS). We use annual panel data at the company level
over the period 1998-2015. TRIs were effectively created in 2012,
which gives us 14 years of pre-treatment data (1998—2011) and four
years of ongoing treatment data (2012—2015). The duration of our pre-
treatment period is relatively similar to that identified in the lit-
erature, particularly in the studies of Abadie et al. (2010) and Saia
(2017), which use periods of 14 and 19 years, respectively. In a later
study, Abadie et al. (2015) covers an even longer period, with 30 years

11 Source: French Institute of Technology, https://www.french-institutes-technol-
ogy.fr/
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of pre-treatment. We chose not to extend our period of observation
too far in order to avoid a strong disequilibrium between the pre- and
post-treatment durations. Our sampling period began in 1998 due to
the unavailability of data for the majority of companies before this
year and ended in 2015 since this is the last year for which all the
databases are available. The sources of information that we used to
build our dataset come from five databases: the French annual sur-
vey of firms,” a French employment database,” the R&D survey,™
the R&D tax credit database,’> and internal data from the two TRIs in
the Rhone-Alpes region.

12

As stated above, “treatment” is defined as the fact of being a private
founding member of the TRI. Thus, the treated units are the four large
companies that are private founding members of TRIs. In order to ver-
ify that treated companies are effectively involved in the TRIs, for
each establishment of these large companies we identified its location,
its total workforce and its proportion of managers. For confidential-
ity reasons, we cannot publish the detailed results, but they indicate
that, on average, 82.23% of the total workforce and 83.14% of the pro-
portion of managers are located in the treated area (the Auvergne-
Rhéne-Alpes Region). This therefore implies that a high proportion
of the large companies are involved in the TRI policy. A well-known
aspect for causal effect identification is that treatment and compari-
son subjects prior to the analysis would not differ in levels and slopes.
Within the framework of the SCM, and in order to avoid problems
of over-adjustment and interpolation bias, it is ideally recommended
to choose untreated companies whose pre-treatment values of the

12 This database, known as Ficus&Fare, is produced by the French Ministry of
Finance (DGFiP) and INSEE (National Statistical Institute).

13 Known as DADS, this dataset contains information on employees’ positions and
individual characteristics and some information on the employer. It is produced
by INSEE.

14 This survey, produced by the French Ministry of National Education, Higher
Education and Research, records information on human and financial resources
dedicated to R&D.

15 The GECIR database is produced by the French Ministry of Finance provides
information about research tax credits. Data are only available from 2008 to
2014.
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predictive variables and outcome variable are similar to those of the
treated company over the entire pre-treatment period. The untreated
units that are affected by an intervention of a similar nature or that
are likely to have experienced large idiosyncratic shocks to the out-
come variables during the study period, should also be excluded, if
such shocks would not have affected the treated unit in the absence of
the treatment (Abadie et al., 2015). Costa Dias (2014) recommends com-
bining the matching and SCM to ensure the comparability of allowa-
ble controls.

With this aim, we moderated the selection criteria by introducing fil-
ters to build our donor pool sample. The first filter focused on selec-
tion variables, the second filter was based on selection margins, and
the third was based on years of pre-treatment. For the first, we con-
sidered two selection variables, turnover and total R&D expenditure.
The choice of these two variables is justified by the need to select com-
panies of a similar size that carry out a volume of R&D activity close
to that of the treated companies. Firms investing in TRIs are indeed
likely to have higher R&D spending than other firms. More widely,
R&D is clearly acknowledged as the main selection variable in the lit-
erature on innovation policy evaluation (Boeing, 2016). Moreover, the
size of a firm acts as a confounding characteristic that affect both R&rD
spending and TRI participation. Thus, a firm’s participation in a TRI
becomes endogenous to the firm's own R&D efforts. In other words,
even in the hypothetical absence of TRI participation, the R&D expend-
iture of participants is likely to be higher than those of non-partici-
pants, leading to an overestimation of the actual effect of the policy if
size is ignored.

In order to ensure the greatest homogeneity between treated and
untreated firms with respect to these two variables, while including a
reasonable number of firms in the donor pool, we set a selection mar-
gin equal to plus or minus 33% of the values of these selection varia-
bles. Regarding the years of selection, we chose to consider three years
over the entire pre-treatment period, corresponding to the beginning,
middle and end of this period, which results in the years 1999, 2005
and 2011. Concretely, it is a matter of selecting all the untreated com-
panies with a turnover and total R&D expenditure for the years 1999,
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2004 and 2010 which are similar to those of the turnover and total R&D

expenditure of the treated companies.16

By applying these filters, we were able to constitute a sample of 34
potential untreated companies observed over the 1998—2015 period. In
order to be sure that none of the 34 control companies benefited from
the actions of the other six French TRIs, a thorough search was con-
ducted on each of these 34 companies to verify that they did not benefit
from the actions of the six other TRIs, nor that they were subsidiaries
of beneficiary companies. This action led to the removal of 12 compa-
nies, which resulted in our sample being 22 control firms. By adding
the four treated companies to these 22 control companies, we obtained
a balanced panel dataset of 26 companies observed from 1998 to 2015,
which represents a set of 468 observations.

In order to verify whether the non-treated companies can constitute
an appropriate control group for our treated companies, we carried out
a comparative analysis between the treated and the firms of the donor
pool sample in terms of pre-treatment characteristics and outcome var-
iables.

As shown in the Table 1 and Figures 2 to 4 in appendix A, in spite of
these filters, our treated and un-treated groups still differ greatly
in their outcome variables in both scale and trend. Several conclu-
sions can be drawn from these observations. The first confirms that
the control group is not a proper counterfactual group if we consider
the whole set of donor pool companies. Therefore, it is necessary to
determine, as suggested by the SCM, the weighted linear combination
of untreated companies that would constitute a valid counterfactual
group. The last step of our identification strategy thus lies in building
a counterfactual situation using the SCM. This is detailed in the next
sub-section. The second conclusion is that DiD method is not suita-
ble for assessing the effect of TRIs on large companies, since the fun-
damental assumption of common trends, which implicitly stipulates

16 When data are missing, variables are observed in 2000, 2005 and 2011.
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that the treated and untreated groups must have similar trajecto-
ries during the pre-treatment period, is biased. The third conclusion
concerns the specification of our model, which should make it possi-
ble to take into account both common annual shocks and individual
annual shocks.

5. IMPACT ANALYSIS OF THE TRI
PROGRAMME ON LARGE FIRMS

5.1. Construction of the synthetic controls

According to the SCM, the synthetic control of each company must be
constructed by the convex combination of the large companies in the
donor pool that most closely resemble this company in terms of pre-TRI
values of predictive variables and outcome variables.

To this end, we identified a set of ten predictive variables, which may
explain both TRI participation and R&D outcome. It is essential that
the choice of pre-treatment characteristics should include variables
that have the predictive power of the trajectory of the treated unit,
but not those that anticipate the effects of the intervention (Abadie
et al., 2010). In addition, predictive variables must not be affected by
the treatment. Along with R&D expenditure and turnover already dis-
cussed above, we consider three groups of potential selection variables.
The first group accounts for firm size, considering indicators in addi-
tion to turnover including employment, equity and number of estab-
lishments. A second group reflects the technological orientation of
the firm, focusing on indicators in addition to R&D expenditure. This
includes R&D capital, R&D funding, R&D tax credit and proportion of
high skilled labour. Finally, the international orientation of the firm
is also accounted for by the proportion of exports in the total turnover
(for more details, see Table 2 in the Appendix B). As recommended by
Abadie et al. (2010) and Kaul et al. (2018), we add lagged outcome varia-
bles. For each outcome variable, we added six years of lagged outcome
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variable (2006, 2007, 2008, 2009, 2010, 2011)."7 Table 3 in appendix B dis-
plays the average values for the treated and control group for these ten
selection variables.

Based on these ten predictive variables and lagged outcome variables,
we built the synthetic control of each treated company as a convex
combination of the 22 large companies in the donor pool. Due to con-
fidentiality issues, we cannot present comparative statistics on the
pre-treatment characteristics of each treated company, its synthetic
version and those of all 22 large companies in the donor pool. In sum-
mary, we found high quality adjustments between two out of four
companies and their synthetic controls. The adjustment of one of the
remaining companies was less precise, while for the final company,
the adjustment was of very poor quality, in that its synthetic control
provided pre-treatment values that were very far from the ones this
company had prior the implementation of the TRI programme. This
suggests that the synthetic control method could not generate a suit-
able synthetic unit for this company. This may be an illustration of
the “interpolation bias” as explained in subsection 3.2. Therefore, the
remainder of this analysis focuses on three firms only. For confiden-
tiality reasons regarding their individual features, we have labelled
them A, B and C.

Figure 2 (and respectively Figures 3 and 4) shows the evolution of R&D
indicators for Company A (and respectively Companies B and C) and its
synthetic counterpart over the 1998—2015 period. We can see that for
each of these indicators, the trajectory of synthetic company A (and
respectively of synthetic companies B and C) very closely follows the
trajectory of Company A (and respectively Companies B and C) over the
whole period prior to implementation of the TRIs. This suggests that

17 In Abadie et al (2010), the authors added three years of lagged outcome varia-
bles and, according to Kaul et al (2018), not all pre-intervention outcomes should
be used. However, no theoretical or empirical justification was provided. Using
a trial-and-error approach, we selected the number of lagged variables and lag
years that generate the counterfactual unit with the best match between the
pre-treatment trajectory of the treated unit.
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synthetic company A (and respectively synthetic companies B and ()
provides a reasonable approximation of the evolution of the R&D indi-
cators that Company A (and respectively Companies B and C) would
have faced in the absence of the creation of the TRIs, although it can
still be noted that the adjustment of C is worse than that of A and B.
Turning to the post-treatment period then inform us on the impact of
the policy.

Figure 2. Trends in R&D input indicators: Company A compared
to synthetic company A
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Figure 3. Trendsin R&D inputindicators: Company B compared
to synthetic company B
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Figure 4. Trends in the R&D input indicators: Company C compared
to synthetic company C
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5.2. Individual impact estimation
of the TRl programme

Due to the various aims of the TRI programme, they may impact on
other outcomes than R&D, such as productivity, employment, sales,
etc. We choose however to focus here on R&D for two reasons. Firstly,
many other factors can influence productivity or other economic per-
formances. It is therefore difficult to identify the specific role played
by TRI on productivity. Secondly, collaboration gives additional incen-
tives for firms to invest in R&D. By internalising knowledge external-
ities, collaboration contributes to reduce the classical problem due to
the public good nature of R&D. It reduces the lack of knowledge appro-
priability. Collaboration also increases knowledge diffusion. As such,
it can increase the benefit associated to R&D investments. Innovation
policies that aim at fostering collaborations, such as TRI, are therefore
expected to increase firms' R&D investments. The impact of the TRI
programme on the R&D indicators of a company is estimated by the dif-
ference between the values of these indicators of the company and the
values of these same indicators of the synthetic control of the company,
after implementation of the TRIs.

Regarding Company A, Figure 2 shows that for each R&D indicator, the
two trajectories begin to considerably diverge as early as 2011 (one year
before the creation of TRIs). While the trends in the R&D input indi-
cators of synthetic Company A continued to increase slightly, those
of Company A drastically increased. The divergence of the two tra-
jectories one year before the effective creation of the TRIs may be
interpreted in several ways. It could suggest the presence of the antic-
ipatory effects of company A, which could be justified by the fact
that the launch of the activities of these TRIs was largely the work
of large companies, which had to invest, for example, in the acquisi-
tion of machinery and equipment, prior to the actual launch of the
TRI's activities. However, it is also possible that the company simply
changed its strategy by reinforcing its R&D capacity and adopting an
“open innovation” strategy and that this change coincided with the
year of preparation for entry into the TRIs. The estimations provided
in Table 4 and the inference made in the next subsection will shed
more light on this effect.
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Conversely, for Company C, after treatment, performance in terms of R&rD
investment seems to be weaker than what could be expected based on
the synthetic control performances. This is particularly marked for self-
financed R&D, suggesting a windfall effect for this firm (see Figure 4).

The situation is more contrasted with regard to Company B. Analysis
of Figure 3 shows that for external R&D expenditure, the two trajecto-
ries do not diverge significantly after the launch of the TRIs in 2012.
The absence of a gap between the two trajectories suggests that the par-
ticipation of Company B in the TRI does not seem to have influenced
the cooperative behaviour of this firm. In contrast, however, a negative
effect is observed for self-financing indicators, which also indicates a
potential windfall effect for this firm.

As recorded in table 4, the estimation of the annual average effect of
the TRI on Company A shows that for the entire 2012—2015 period, net
total R&rD expenditure, external R&D expenditure and R&D self-financ-
ing are higher on average by almost 94%, 296% and 99% respectively,
relative to the synthetic control (see Table 4). Regarding Company B,
external R&D expenditure exceed on average by 7% those of the syn-
thetic control. Net total R&D expenditure and R&rD self-financing were
reduced by the effect of the TRI on average by 8% and 18% respectively,
relative to the synthetic control (see Table 5). With regard to Company
C, net total R&D expenditure, R&D external expenditure and R&rD self-
financing are smaller than the one observed for the synthetic control
by an average of nearly 22%, 14% and 21% respectively (see Table 6).

Table 4. Annual gaps in R&D input indicators between Company A
and its synthetic version

Post-treatment year | Gaps in net total Gaps in R&D | Gaps in external
R&D expenditure’ |self-financing’ | R&D expenditure’
2012 79.6% 79.4% 253.3%
2013 104.5% 99.7% 295.7%
2014 112.5% 110.6% 379.7%
20154 78.1% 74.8% 256.5%
Annual average effect 03.7% 99.1% 296.3%

1: Gaps in % are obtained by computing the ratio of the difference between treated firm’s R&D
input indicator and that of its synthetic version, and the synthetic version’s R&D input indicator.
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Table 5. Annual gapsin R&D input indicators between Company B
and its synthetic version

Post-treatment | Gaps in net total Gaps in R&D Gaps in external
year R&D expenditure’ | self-financing® | R&D expenditure’

2012 -1.9% -6.8% 7.1%

2013 -4.3% -11.7% 17.8%

2014 -13.1% -24.4% -7.2%

20154 -12.3% -31.2% 12.3%

Annual average 7.9% -18.5% 7.5%

effect

1: Gaps in % are obtained by computing the ratio of the difference between treated firm’s R&D
input indicator and that of its synthetic version, and the synthetic version’s R&D input indicator.

Table 6. Annual gaps of R&D input indicators between company C
and its synthetic version

Post-treatment year | Gaps in net total | Gaps in R&D | Gaps in external
R&D expenditure’ | self-financing * | R&D expenditure’

2012 -13. 8% -12.9% 1.0%

2013 -27.5% -26.7% -39.3%

2014 -25.8% -25.1% -8.5%

2015 -21.1 -20.5% -9.3%

Annual average effect -22.1% -21.3% -14.0%

1: Gaps in % are obtained by computing the ratio of the difference between treated firm'’s
R&D input indicator and that of its synthetic version, and the synthetic version’s R&D input

indicator.

5.3. Inferences about the effects of the TRI

programme

To assess the significance of these estimates within the context of the
SCM, the research question asked was whether the results obtained
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could be entirely attributable to chance. In other words, how many
times could the same results be obtained if a control company was
randomly selected for the study in place of the treated company? To
answer this question, we carried out a permutation test as described in
subsection 3.3.

Figures 5, 6, and 7 show the results of the permutation test associated
respectively with Companies A, B and C. The green lines represent
the difference associated with each of the 22 test runs (correspond-
ing to the 22 control companies). In other words, the green lines show
the difference in R&D indicators between each company in the donor
pool and its respective synthetic version. The black line indicates the
estimated gap for the treated company. With regard to Company A,
one can see that for all R&D indicators, the estimated gap for the
treated company during the 2012—2015 period is unusually large com-
pared to the distribution of gaps for companies in the donor pool. The
TRI programme appears therefore particularly effective for this firm
both in terms of R&D investment and of cooperative behaviour. In
contrast, there is no such a deviation in the trajectories of R&D indi-
cators for Company B, suggesting that the TRI programme has had
no significant additional nor windfall effect on input indicators for
this firm. For Company C, on the other hand, we observe a clear nega-
tive impact of the TRI programme for all R&D input indicators except
external R&D expenditure. This suggests that Company C’s participa-
tion in the TRIs resulted in a windfall strategy substituting public
finance to its own private investment in R&D. This may be due to bet-
ter access to the research carried out by public labs involved in the
TRIs, which reduces the need for internal R&D. Explanation which
could be confirmed by the fact that company C’s capacity to cooper-
ate through the financing of external R&D is not impacted by the TRI
programme.

Our results, therefore, point to a strong heterogeneity in policy impact,

underlining one of the main interests of the SCM that allows individ-
ual impact evaluation.
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Figure 5. Gapsin R&D inputindicators and placebos in all 22 control
companies - Company A
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Figure 6. Gapsin R&D inputindicators and 22 placebo in all 22 control
companies - Company B
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5.4. Comparison between the synthetic control
method and other evaluation methods

In order to better grasp the contribution of the SCM for evaluating the
impact of public programmes on large firms, we compare the results
obtained by the SCM with those obtained when applying the most
standard impact evaluation approaches, when the conditions of appli-
cation allow it. We have not implemented the DiD method insofar as
the conditions for its application, namely the “common trend assump-
tion”, is not validated in our data context. Taking advantage of the
panel structure of our data including 468 observations, however, we
estimate a fixed effect (FE) model to control for individual heterogene-
ity. In addition, although not yet used for microeconomic analysis, we
apply the random trend model (Wooldridge, 2002) to our case. Indeed,
as it enlarges the capacity of the model to control for individual effects
by introducing an individual trend, this model seems also particu-
larly interesting for evaluating the impact on large firms, which gen-
erally follow specific trajectories. It allows us to go beyond individual
fixed effects and temporal fixed effects, to take into account a second
source of heterogeneity, the linear individual trend, which refers to
firm's temporal events (mergers, acquisitions, disposals, etc.) which
can influence the current performance of each large company, even in
the absence of public policies. Moreover, large companies, unlike some
small companies, invest permanently in R&D, whether or not they ben-
efit from innovation policies. Therefore, the estimated effects may be
tainted by a bias due to the presence of a tendency to invest in R&D
activities.

It is worth noting, however, that these three methods aim at measur-
ing the average effect of the TRI programme, whereas the SCM allows
us to estimate individual effects, i.e., effects measured for each firm
taken separately. To make comparison possible, we also calculated an
average treatment effect’® summarising the result obtained with the
SCM.

18 The average treatment effect measures the difference in mean (average) out-
comes between units assigned to the treatment and units assigned to the control.
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Table 7 presents a summary of the results obtained using the four dif-
ferent methods. In order to compare the SCM to the other methods,
we computed the average treatment effect of the three companies A,
B and C. Note that it is not possible to achieve statistical significance
with this average SCM effect, contrary to what was achieved with the
other methods.

Table7. Method comparison : estimated effects using the fixed effects
model, the random trend model and the SCM.

Outcome variables FE model Random trend SCM
model

Net total R&D 106,768%** 80,376%** 84,341

expenditures (38,910) (18,494)

External R&D 87,042%*¥ 69,253%** 103,879

expenditures (36,008) (r0,921)

R&D self-financing 100,145%* 80,197%** 80,570
(40,0093) (18,272)

Observations 468 442 468

Significance at *** 1% threshold; ** 5% threshold and * 10% threshold. Standard errors in
parentheses.

The results of the FE model show smaller but significant estimated
impacts for the three outcome indicators. Including time and individ-
ual fixed effects, this method controls for the specific firm features
or temporal shocks that explain both participation in the TRI and the
R&D performances, allowing a more accurate but not sufficient assess-
ment of policy impact.

The random trend model, generally used in regional impact assessments
such as the SCM, goes a step further, making it possible to take into
account, beyond individual fixed effects and fixed temporal effects, a
second source of heterogeneity, which is the linear individual trend
specific to each company. By extracting the individual trend specific
to each large company through application of the random trend model,
significant effects are still observed on the three R&rD indicators, albeit
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with a smaller magnitude. The effect on net total R&D expenditure is
about €80 million; the effect on external R&D expenditure is estimated
at about €69 million, while for self-financing, the treatment effect is
about €80 million. The increase in total R&D therefore seems to be
mainly self-financed and subcontracted.

Interestingly, these random trend model effects are not very different
from those obtained by averaging the estimated effects from the SCM.
In contrast, the FE model tend to overestimate the effects of the pol-
icy, compared to the SCM and random trend model, because the former
method is not suitable for evaluating the impact of innovation policies
on large firms. Compared to the FE and random trend models, the SCM
concludes with a more pronounced impact on external R&D expend-
iture. This could indicate that giving the same weight to all compa-
nies in the donor pool in the control sample does not allow for precise
measurement of the impact of the policy on large firms participating
in TRIs.

Moreover, as detailed in the previous paragraph, the SCM has the
advantage of allowing a detailed analysis of the heterogeneity of the
impacts. Contrary to the FE and random trend models, it reveals that
not all companies benefit from the TRI programme in the same way.
In our case, the positive average treatment effect is only due to one
company, Company A, showing systematic significant effects on all of
its R&D input indicators. For the other two companies, no significant
change in R&D behaviour is identified and some windfall effects may
even appear.

6. CONCLUSION

The main contribution of this article is to propose and explore the
relevance and feasibility of implementing a new evaluation method,
namely the synthetic control method, initially designed to assess the
impact of a policy on a single aggregated treated unit (a city, region or
country), to assess the impact of public policies on the performance of
large companies.
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Based on firms’ participation in a new science-industry transfer policy,
the French Technological Research Institutes, we analysed four large
companies’ R&rD investments before and after their participation in
the policy. We found that the SCM succeeded in generating a reasona-
ble counterfactual for three of the four companies involved in the TRIs
under scrutiny. We estimate the mixed fixed-effects model to compare
their results with those obtained with the SCM. In addition, we spec-
ify and estimate the random trend model that is also generally used in
regional impact assessments.

In the end, it appears that the degree of convergence between evalua-
tion methods depends on the quality of the control they perform. The
fixed effect model tends to overestimate the treatment effects compare
to the random trend model. This is probably explained by the fact that
this method is not able to take into account the weight and the own
strategies, which have a very high impact on the performance of large
companies.

Closer to the random trend model, the SCM gives very similar average
impacts for total R&D and self-financed R&D but the assignment of dif-
ferent weights to the donor pool control sample leads to higher average
estimated impacts on external R&D. This may be due to the significant
heterogeneity of the treated and control companies over the pre-treat-
ment period. Unobserved confounding factors may prevent the proper
estimation of the impact of the policy on firms' R&D subcontracting
when the random trend model is used. In addition, the SCM leads to a
much better interpretation of the results by allowing assessing the pol-
icy impact at the individual level. Indeed, the average treatment effect
hides great differences in behaviour between companies. On the con-
trary, although the SCM is not without limitations, mainly due to pos-
sible over-adjustment, or to its inability to find a suitable synthetic
control for some treated unit in some case, it has proven its worth to
highlight heterogeneity of impacts in the present study. A positive
impact was found on the R&D inputs of one firm, but a negative impact
was observed for a second firm and no significant effect appeared for
the third. The significant impact on self-financing indicates a leverage
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effect for Company A and a windfall effect for Company C. Similarly,
the TRI programme was only able to significantly influence the R&D
cooperative behaviour measured by external R&D for Company A. The
effect for Company B is also positive but not significant. Such results
are likely to prompt TRI's managers and public policy makers to go
further in analysing the causes of this heterogeneity. Although for
reasons of confidentiality we cannot develop this point further, our
results allow the development of a more qualitative interpretation of
the impact evaluation by looking for the reasons for these differences
in the strategy of the participating firms. The modalities of each TRI
implementation might also be crucial, since the design of the various
platforms and the level of large firms’ involvement on these platforms
varies strongly. Thus, the differences in results between firms could
be explained by the fundamental differences between the two TRIs
(Nanoelec and Bioaster), particularly in terms of operating methods,
research themes, etc. For example, in Nanoelec the private founding
members (large companies) do not have to pay in order to carry out
one or more R&D projects, whereas in Bioaster they are obliged to pay
for the R&D service as if they were a simple client coming from out-
side the TRI.

Similarly, the path opened up by the application of this new method
for assessing the impact of TRIs on large firms is expected to be fur-
ther extended to produce more refined conclusions on the value of the
TRI programme. Extension possible with a fairly significant time lag
could include new outcome indicators of innovation or socio-economic
performance.

Furthermore, it would be interesting to more thoroughly analyse the
behavioural additionality of large firms concerning their R&D collabo-
rative strategy with SMEs. Conversely, the scale of the TRI programme
can distort prices for R&D factor inputs; by doing so, the market per-
formance of TRI participants could go at the expense of non-targeted
large firms. All these spillover effects are beyond the scope of the pre-
sent study, but they undoubtedly offer important research perspectives
for future researches.

REVUE D'ECONOMIE INDUSTRIELLE = N° 180 *» 4E TRIMESTRE 2022 43



EVALUATING THE IMPACT OF PUBLIC POLICIES ON LARGE FIRMS
ASYNTHETIC CONTROL APPROACH TO SCIENCE-INDUSTRY TRANSFER POLICIES

REFERENCES

ABADIE, A., GARDEAZABAL, ]J., 2003. The economic costs of conflict: A case study of
the Basque country. American Economic Review 93(1), 112—32.

ABADIE, A., DIAMOND, A., HAINMUELLER, J., 2010. Synthetic control methods for
comparative case studies: Estimating the effect of California’s tobacco control
program. Journal of the American Statistical Association 105(490), 493-505.

ABADIE, A., DIAMOND, A., HAINMUELLER, J., 2015. Comparative politics and the syn-
thetic control method. American Journal of Political Science 59(2), 495-510.

AFCHA, S., GARCIA-QUEVEDO, J., 2016. The impact of R&D subsidies on R&rD employ-
ment composition. Industrial and Corporate Change, Oxford University Press
25(6), 955-975.

AMDAOUD, M. and ZOUIKRI M., 2019. Impact de la politique de mise a niveau
sur I'innovation : le cas des entreprises industrielles algériennes, Revue
d’Economie Industrielle, 2019/4, n°168, pp.9-44.

ANGRIST, J., KRUEGER, A., 1999. Empirical strategies in labor economics. Handbook
of labor economics, 3 :1277-1366.

ANGRIST, J.D., PISCHKE, J.S., 2008. Mostly harmless econometrics: An empiricist’s
companion. Princeton university press.

ATHEY, S., IMBENS, G. W., 2017. The State of Applied Econometrics: Causality and
Policy Evaluation. Journal of Economic Perspectives 31(2), 3-32.

AULD, M. C., GROOTENDORST, P., 2004. An empirical analysis of milk addiction.
Journal of Health Economics 23(6), r117-1133.

BEN HASSINE, H., MATHIEU, C., 2017. Evaluation de la politique des péles de com-
pétitivité: la fin d'une malédiction? Document de travail France Stratégie.

BEIS, 2017. The impact of public support for innovation on firm outcomes. Department
for Business, Energy and Industrial Strategy.

BOEING, P., 2016. The allocation and effectiveness of China's R&D subsidies - Evidence
from listed firms. Research Policy 45(9), 1774-1789.

BONDONIO, D., MARTINI, A., BIAGI, F., 2015. Counterfactual impact evaluation
of enterprise support programmes. evidence from a decade of subsidies to
Italian firm. 55 Congress of the European Regional Science Association:
“World Renaissance: Changing roles for people and places”, 25-28 August 2015,
Lisbon, Portugal.

CALOFFI, A. and BELLANDI, M., 2017. Enterprise and innovation policy in Italy: an
overview of the recent facts, Revue d'Economie Industrielle, 2017/2, n° 158,
PPp-129-141.

CIUCCI, L., 2021. Les activités de transfert de technologie des universités
influencent-elles les performances locales d'innovation ? Le cas de 1'Italie,
Revue d'Economie Industrielle, 2021/1, n°173, pp.43-77

CLARYSSE, B., WRIGHT, M., MUSTAR, P., 2009. Behavioural additionality of R&D
subsidies: A learning perspective. Research Policy 38(10), 1517-1533.

COMIN, D., LICHT, G., PELLENS, M., & SCHUBERT, T. (2019). Do companies benefit
from public research organizations? The impact of the Fraunhofer Society in
Germany. The impact of the Fraunhofer Society in Germany, 19-006.

L REVUE D'ECONOMIE INDUSTRIELLE * N° 180 *» 4E TRIMESTRE 2022



EVALUATING THE IMPACT OF PUBLIC POLICIES ON LARGE FIRMS
ASYNTHETIC CONTROL APPROACH TO SCIENCE-INDUSTRY TRANSFER POLICIES

COMIN, D. (2021). A General Equilibrium Quantification of the Impact of Fraunhofer
on the German Economy.

COSTA DIAS, M., 2014. The synthetic control method compared to difference in dif-
ferences: discussion. in: Towards a common language in statistical methodol-
ogy: examples from current applications in economics and health research.

CRISCUOLO, C., MARTIN, R., OVERMAN, H. G., REENEN, J. V., 2012. The causal
effects of an industrial policy. NBER Working Paper No. 17842.

DEBRAND, D., 2018. Les nouvelles stratégies d'innovation des firmes francaises de
plasturgie, Revue d’Economie Industrielle, 2018/4, n°164, pp.9-36.

DINARDO, J., PISCHKE, J., 1997. The returns to computer use revisited: Have pencils
changed the wage structure too? The Quarterly Journal of Economics 112(1),
291-303.

DIMOS, C., PUGH, G., 2016. The effectiveness of R&D subsidies: A meta-regression
analysis of the evaluation literature. Research Policy 45(4), 797-815.

DUJARDIN, C., LOUIS, V., MAYNERIS, F., 2015. The walloon competitiveness clusters
and their impact on firms’ economic performances? IRES Discussion Papers.

EPARVIER, P., DE CLAIRFONTAINE, A. F., NGHAURAN, A., SEAWERT, A., AUTANT-
BERNARD, C., FOTSO, R. & SCHOEN, A. (2020). Evaluation économétrique de
I'impact des Instituts de Recherche Technologique (IRT) et des Instituts pour
la Transition Energétique (ITE) Technopolis Final Report.

FOTSO, R. Evaluating the indirect effects of cluster-based innovation policies: the
case of the Technological Research Institutes in France. Journal of Technology
Transfert 47, 1070-1114 (2022). https://doi.org/10.1007/510961-021-09865-2

FRIETSCH, R., NEUHAUSLER, P., JAGER, A., & SCHUBERT, T. (2022). A microeco-
nomic perspective on the impact of the Fraunhofer-Gesellschaft. Fraunhofer
ISI report, pp. 56.

GRECO, M., GRIMALDI, M., CRICELLI, L., 2017. Hitting the nail on the head: explor-
ing the relationship between public subsidies and open innovation efficiency.
Technological Forecasting and Social Change 118, 213-225.

HECKMAN, J., HOTZ, V. J., 1989. Choosing among alternative nonexperimental
methods for estimating the impact of social programs: The case of manpower
training. Journal of the American Statistical Association 84(408), 862-74.

IMBENS, G.W., RUBIN, D. B., 2015. Causal Inference for Statistics, Social, and Biomedical
Sciences: An Introduction. G New York: Cambridge University Press.

JUGEND, D., FIORINI, P. D. C., ARMELLINI, F., FERRARI, A. G. 2020. Public support
for innovation: A systematic review of the literature and implications for
open innovation. Technological Forecasting and Social Change, 156.

KAUL, A., KLOSSNER, S., PFEIFER, G., SCHIELER, M., 2018. Comparative politics and
the synthetic control method revisited: a note on Abadie et al. (2015). Swiss
Journal Economics Statistics 154(11).

OECD, 2006. Government ré&rd funding and company behaviour, measuring behav-
ioural additionality. OCDE.

OCDE, 2015. OECD Science, Technology and Industry Scoreboard 2015: Innovation for
growth and society, Editions OCDE, Paris.

ROY, A. F. (2020). The macroeconomic impact of Fraunhofer Gesellschaft. UK: Fraser
of Allander Institute.

REVUE D'ECONOMIE INDUSTRIELLE = N° 180 *» 4E TRIMESTRE 2022 45



EVALUATING THE IMPACT OF PUBLIC POLICIES ON LARGE FIRMS
ASYNTHETIC CONTROL APPROACH TO SCIENCE-INDUSTRY TRANSFER POLICIES

SAIA, A., 2017. Choosing the open sea: The cost to the UK of staying out of the euro.
Journal of International Economics 108(C), 82-98.

SCHUBERT, T. (2021). The macroeconomic effect of the Fraunhofer Gesellschaft.
Institut Fraunhofer for systems and innovation research ISI.

STUART, E. A., 2010. Matching methods for causal inference: A review and a look for-
ward. Statistical science: a review journal of the Institute of Mathematical
Statistics 25(1), 1-21.

VANINO, E., ROPER, S., BECKER, B., 2019. Knowledge to money: assessing the busi-
ness performance effects of publicly-funded R&D grants. Research Policy 48,
1714-1737.

WANZENBOCK, I., SCHERNGELL, T., FISCHER, M. M., 2013. How do firm character-
istics affect behavioural additionalities of public R&rD subsidies? Evidence for
the Austrian transport sector. Technovation 33(2-3), 66-77.

WOOLDRIDGE, J., 2002. Econometric Analysis of Cross Section and Panel Data, MIT
Press.

46 REVUE D'ECONOMIE INDUSTRIELLE * N° 180 *» 4E TRIMESTRE 2022



EVALUATING THE IMPACT OF PUBLIC POLICIES ON LARGE FIRMS
ASYNTHETIC CONTROL APPROACH TO SCIENCE-INDUSTRY TRANSFER POLICIES

APPENDIX A: COMPARATIVE ANALYSIS
BETWEEN THE TREATED FIRMS
AND THE DONOR POOL SAMPLE

Table 1. Outcome comparison between treated and control companies
over the pre-treatment period (1998-2011)

Outcome variables Treated group | Control group | Difference
Net total R&D expenditure’ 232,476 68,815 163,661 **
R&D self-financing’ 229,819 58,517 171,302% %%
External R&D expenditure’ 42,59 9,792 32,798%**
Number of companies 4 22 Total = 26

1.In thousands of euros. Significance at *** 1% threshold; ** 5% threshold and * 10% threshold.

Table 1 clearly shows that the treated and control groups are not statis-
tically comparable before the creation of the TRIs, as the differences
between these two groups in terms of outcome are statistically signif-
icant.

Figure 1. R&D inputindicators trajectories (treated vs untreated
group of firms)
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As Figure 1 shows, the treated and untreated groups do not have the
same pre-treatment trajectories (from 1998 to 2011), regardless of the
indicator. In addition, we note the presence of peaks and troughs which
are often common to the trajectories of both treated and untreated
firms, suggesting the existence of fixed temporal effects and some-
times specific to the trajectories of treated firms, which may suggest
the existence of individual annual shocks. These peaks and troughs
could also reflect the effects of the strategies (mergers, acquisitions,
disposals, etc.).

Table 3. Comparison of predictors between treated and control
companies over the pre-treatment period (1998-2011)

Predictive variables Treated group | Control group Difference
Turnover* 1,591,081 1,326,125 264,956
Number of employees? 6,419 5,261 1,158%
Equity’ 1,540,272 781,748 758,524% %%
Public funds' 15,582 299 15,283% %%
Private funds’ 2,657 10,044 7,387%**
Capital R&D expenditure’ |39,079 7,571 31,508%%*
Proportion of executives 0.289 0.272 0.017
Proportion of exports 0.711 0.566 0.144***
Number of establishments |18 19 -1
Number of companies 4 22

1: In thousands of euros; 2: In number of individuals. Significance at *** 1% threshold; ** 5%

threshold and * 10% threshold.
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APPENDIX B: VARIABLE DESCRIPTION

Table 2.

List of dependent and independent variables

Variables

| Description

| Unit

Dependent Variables

Total R&D expenditure net of
public funds

Total R&D expenditure
minus public funds.

In thousands
of euros

External R&rD expenditure

All R&D expenditure
outside the company in the
form of collaboration and
subcontracting.

In thousands
of euros

R&D self-financing

Financing from the
company'’s own funds

In thousands
of euros

Predictive Variables

Total turnover

Total amount of turnover at
the firm level

In thousands
of euros

Equity Sums paid by the partners | In thousands
or shareholders, plus the of euros
profits generated annually
by the company which are
not distributed as dividends.

Total number of employees Total number of employees. |In terms

of individuals
(not full-time jobs)

Public financing

Total amount of Ré&D
funding from the public
sector (subsidies, etc.).

In thousands
of euros

Private financing

Total amount of R&D
funding from the private
sector (private companies,
etc.).

In thousands
of euros

Capital R&D expenditures

Total amount of R&D
expenditure related to

the acquisition of R&D
machinery and equipment.

In thousands
of euros

Research credit tax

Total amount of R&D tax
credit the firm received

In thousands
of euros

Proportion of high skilled
labour force

Ratio between the number
of managers and the total
number of employees.
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Proportion of exports Ratio between exports
and turnover.

Number of establishments The number of
establishments owned by
the large company.

Treatment Variable

TRI participation Dummy variable which
takes the value 1 in 2012,
2013, 2014 and 2015 if the
company has been involved
in one of the two TRIs in
the Rhéne-Alpes and o
otherwise
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