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This article examines the private return on R&D tax credit, defined as the ratio of total tax reliefs obtained by a firm through R&D tax credit to real R&D spending. Based on a dataset merging different sources for French companies, we first show that the distribution of this private return is dispersed. We then use clustering analyses to identify six mutually exclusive types of firms' R&D strategies. We finally show in a regression setting that these strategies explain part of the variance in the private return on R&D tax credit. This study contributes to a better understanding of the heterogeneity of firms' R&D strategies. It also seeks to open new directions in debates surrounding the proper design and reforms of R&D tax credit schemes.

Introduction

The role of private R&D in fostering long-term, sustainable economic growth, as well as the failures of free-markets to deliver efficient levels of R&D, have long been recognized [START_REF] Jaffe | Real effects of academic research[END_REF]Adams, 1990;[START_REF] Romer | Two strategies for economic development: using ideas and producing ideas[END_REF][START_REF] Stephan | The economics of science[END_REF]. It has led governments in most countries to design a variety of mechanisms aimed at increasing R&D spending by private companies. Tax reliefs for firms engaged in R&D activity are one of these mechanisms, increasingly used by policy-makers in developed and emerging economies [START_REF] Brown | What promotes R&D? Comparative evidence from around the world[END_REF]Bloom et al., 2019a).1 A vast number of studies have investigated the public return of such a mechanism, by estimating the (average) elasticity of R&D spending to tax reliefs (see [START_REF] Hall | How effective are fiscal incentives for R&D? A review of the evidence[END_REF][START_REF] Becker | Public R&D policies and private R&D investment: A survey of the empirical evidence[END_REF]Beck et al., 2017 for surveys). 2 But beyond this question, we know very little about the private return of R&D tax credit, from the firms' point of view. In particular, we ignore the way tax credit schemes are incorporated within firms' profit and R&D strategies, that are commonly observed to be heterogeneous (see e.g. [START_REF] Coad | Persistent heterogeneity of R&D intensities within sectors: Evidence and policy implications[END_REF]. In this paper, we address the question of how the French R&D tax credit (Crédit d'Impôt Recherche, CIR) is used by private companies and we show how different uses are associated with different (monetary) returns. By identifying the relationships between companies' research strategies and fiscal rewards, the present study contributes to a better understanding of the heterogeneity of firms' strategies. It also seeks to open new directions in debates surrounding the proper design and reforms of R&D tax credit schemes.

The crédit d'impôt recherche (CIR) belongs to a set of French programmes (also including direct subsidies or public support to young innovative firms) aimed at increasing private R&D. The programme was launched in 1983 and has undergone several substantial reforms. The last and most important one was enacted in 2008, with the shift from a mostly incremental to a fully volume-based system. Since that date, 30% of the yearly R&D spending declared by companies to the fiscal administration may be deducted from the corporate income tax or refunded if no income tax is due.

Since the 2008 reform, the total cost of the tax credit system has boomedfrom 1.5 to nearly 6 billion euros in the mid-2010swhile the number of firms benefiting from the credit has more than tripled over that period. For one part, it may reflect a process of relabelling, by which firms are led to declare (to fiscal authorities) investments or spending that they would have done anyway (see [START_REF] Hall | How effective are fiscal incentives for R&D? A review of the evidence[END_REF]Van Reenen, 2000 or Bloom et al., 2019a). But the magnitude of the aforementioned evolution also suggests that a deeper process is at stake. While the CIR was typically used by large industrial companies engaged in research-intensive activities prior to 2008, the population claiming the credit is now much diverse. A new business has emerged, with the creation of consulting firms that support companies in building their R&D activities and in designing their tax credit claim. This has led public authorities to structure this emerging sector by referencing and labelling more than 40 firms, now recognized as expert intermediaries for CIR claims. Alongside these labelled players, there exists a multitude of organizations (independent consultants, law firms, etc.) which devote all or part of their activities to CIR consulting.

This suggests that the French R&D tax credit went beyond triggering private R&D. It also leads to somehow redefine what is and what is not R&D. Indeed, innovation is a socio-technic activity [START_REF] Latour | Technology is Society Made Durabe[END_REF]; even framed within standard definitions3 , there is a variety of possible interpretations as to what should be understood as innovation and R&D. Conventional wisdom tends to consider firms as passive in face of public support: firms engage in R&D and, finding out that public mechanisms allow to decrease the real cost of R&D, they thereafter increase their effort. Allegedly, firms are much more active. They think and adapt (with the help of intermediaries) their activities to the changing regulatory framework. The consequences are potentially important. Firms may find difficult or costly to declare to the fiscal administration some spending that they actually consider to be part of their R&D activity. By contrast, firms may integrate into their declaration spending that they did not consider through the lens of R&D activity beforehand, with a clear intention to mislead the regulator (relabelling). Companies may also build new R&D strategies, consistent with their own capabilities or sector. Ultimately, this potential heterogeneity should show up in the dispersion of the real (fiscal) rate of return of R&D spending, around the headline rate of 30%.

To check this, we calculate this real return on R&D spending for companies, by computing the ratio of total tax reliefs obtained through the CIR to the total real R&D spending as informed in independent R&D surveys (when R&D executives are questioned on what they are actually doing). A return of 20%, for example, indicates that the company receives, in the form of a tax credit, one-fifth of its actual R&D spending. Figure 1, panel A, plots the distribution of the private return, for firms that declared R&D to fiscal authorities in year 2013. It confirms that there is a significant dispersion around the 30% expected rate of return. About one fifth of the companies received more than 40% of their actual spending, while one quarter received less than 20%. Bloom et al. (2019a) have stressed that France is one of the most generous countries in terms of tax credit; we therefore add to this observation that the system is not equally generous for all companies. Moreover, Figure 1, panel B, shows that the heterogeneity in R&D tax credit private returns remains large across various company sizes. In this paper, we explore the diversity of firm R&D and tax credit claim strategies and the way it relates to the private return of R&D tax credit. We use a unique dataset, merging three distinct sources for year 20134 : a survey on R&D performed by French firms (Enquête sur la Recherche et Développement, ERD), an administrative file reporting the details of R&D tax credit claims at the firm level (GECIR), and firm-level accounting and financial data (Liasses fiscales). We then use clustering methods that allow us to identify a small set of mutually exclusive strategies. We finally study, using multivariate regressions, the conditional correlation of these various strategies with the private tax credit return.

We identify six main mutually exclusive strategies: i) Patent management strategy, ii) selfcontained R&D strategy, iii) Optimisation strategy, iv) Capital investment strategy, v) Publicoriented research strategy, and vi) Human capital-intensive strategy. Furthermore, we show that the private return on tax credit is significantly associated to these strategies, even controlling for structural characteristics of the business firms (such as industry, size, age, etc.). More precisely, we report evidence that two of these strategiesnamely the Human capital-intensive strategy and the Optimisation strategyare associated with a (conditional) premium of respectively 3.2 and 2.4 percentage points (in terms of rate of return). By contrast, the Publicoriented research strategy and the Patent management strategy deliver significantly lower payoffs. We also find evidence that two sectors (finance and building) are associated with significant (conditional) premium. In terms of policy, these results invite to consider with more details the mechanisms that lead these strategies and industries to leverage their average R&D tax credit returns.

The paper builds on and ties to two lines of research: one on the heterogeneity of firm strategies and the other on the R&D tax credit.

The observation that firm strategies, regarding human resource management for instance, are heterogeneous or diverse is a longstanding one, in the economics of the firm (see e.g. [START_REF] Haltiwanger | Wages, productivity, and the dynamic interaction of businesses and workers[END_REF]Bloom et al., 2019b) or in management [START_REF] Lenox | Interdependency, Competition, and the Distribution of Firm and Industry Profits[END_REF]. Regarding innovations, since [START_REF] Pavitt | Sectoral patterns of technical change: towards a taxonomy and a theory[END_REF], a number of studies have highlighted the heterogeneity of firms and R&D strategies (see e.g. [START_REF] Belderbos | Heterogeneity in R&D cooperation strategies[END_REF][START_REF] Jong | The fruit flies of innovations: A taxonomy of innovative small firms[END_REF][START_REF] Coad | Persistent heterogeneity of R&D intensities within sectors: Evidence and policy implications[END_REF][START_REF] Gkotsis | Heterogeneity of technology-specific R&D investments. Evidence from top R&D investors worldwide[END_REF], related to their (hardly observable) "R&D-related capabilities" [START_REF] Cohen | The anatomy of industry R&D intensity distributions[END_REF]. For instance, de [START_REF] Jong | The fruit flies of innovations: A taxonomy of innovative small firms[END_REF] identify four categories of small innovative firms operating in the Netherland, while [START_REF] Coad | Persistent heterogeneity of R&D intensities within sectors: Evidence and policy implications[END_REF] notes "that there is considerable heterogeneity in R&D intensities between firms in the same sector, and that this heterogeneity is persistent. " (p.38). We add to the literature by exploring the way fiscal considerations are integrated within firm R&D strategies, increasing the potential heterogeneity in firm innovative strategies. The French case is of particular interest, as it offers one of the most generous tax incentives among OECD and emerging countrieswith potentially significant impact on the choice and design of R&D strategies by private companies.

Second, we complement the literature on R&D tax credit. So far, most studies have investigated the return of this mechanism from the regulator point of view (how much private R&D spending increases for 1 euro of public spending in terms of tax credit? see e.g. [START_REF] González | Do public subsidies stimulate private R&D spending?[END_REF][START_REF] Yang | Tax incentives and R&D activity: Firm-level evidence from Taiwan[END_REF][START_REF] Crespi | The effectiveness of tax incentives for R&D in developing countries: The case of Argentina[END_REF][START_REF] Marino | Additionality or crowding-out? An overall evaluation of public R&D subsidy on private R&D expenditure[END_REF][START_REF] Bodas Freitas | Sectors and the additionality effects of R&D tax credits: A cross-country microeconometric analysis[END_REF]Gucieri and Liu, 2019;[START_REF] Agrawal | Tax credits and small firm R&D spending[END_REF][START_REF] Ivus | R&D tax credit and innovation: Evidence from private firms in India[END_REF]. While crucial to assess the effectiveness of the mechanism, these evaluations provide few indications to policy makers in reforming R&D tax program designs (see [START_REF] Crespi | The effectiveness of tax incentives for R&D in developing countries: The case of Argentina[END_REF][START_REF] Bodas Freitas | Sectors and the additionality effects of R&D tax credits: A cross-country microeconometric analysis[END_REF] for a discussion). As we consider the private return of R&D spending, i.e. the return for the firms themselves (how much do companies gain in terms of tax credit for 1 euro really invested in R&D), our results help to go beyond traditional impact analysis of R&D tax credit. In particular, identifying firms' strategies and replies to public policy lead to a better understanding of R&D public policy support. Our approach suggests that changes in the programme architecture and compliance process are still possible, that may ultimately improve its effectiveness (i.e. increasing the quantity and improving the quality of innovative activities).

At this stage, a caveat is required: our analysis is descriptive, not causal. We first use cluster analysis to classify multivariate data into sub-groups (strategies); we then estimate the conditional correlation between these strategies and the rate of return on R&D tax credit. While reverse causality (running from returns to strategies) is unlikely, we cannot rule out the possibility that an omitted variable determines simultaneously the choice of a particular strategy and the rate of return. However, our dataset allows capturing a rich set of information regarding R&D practices and strategies (investment in tangible capital, human resource management in research, patents and depreciation costs, use of public funds, etc.), and controlling for selection biases. Accordingly, we are confident that our estimates provide important insights to explain the variance in the private rate of return on R&D tax credit.

The rest of the paper is structured as follows. Section 2 briefly introduces the French tax credit system. Section 3 presents the data as well as the empirical strategy. Section 3 reports the results of the clustering analysis, while Section 4 is devoted to regression analyses. Section 5 offers a discussion of the main results and Section 6 concludes.

The French CIR: characteristics and functioning

Under the CIR regime, five kinds of R&D spending are eligible to tax credit, and can therefore be declared to fiscal authorities: (1) researcher labour costs (including social contributions), (2) depreciation costs on R&D capital investment, (3) operating costs (that correspond to a flat rate of 50% applied to researcher labour costs and to a flat rate of 75% applied to R&D capital depreciation costs), (4) spending related to intellectual property (fees for patents, etc.) and ( 5) R&D externalized to other companies or to public research centres or universities. A rate of 30% is applied on this fiscal basis, to calculate the level of the tax credit.

However, specific rules may affect companies' fiscal return on R&D spending. On the one hand, two rules contribute to increase the company's fiscal return above the standard headline rate of 30%. First, the Young PhD programme (Dispositif Jeunes Docteurs) allows companies to double the labour cost of PhDs with an open-ended contract, for the first two years following their appointment. Second, in the case of R&D externalized to a public subcontractor the spending is also counted two times in the fiscal base. On the other hand, two rules contribute to decrease the return below 30%. First, a firm that benefit from direct public subsidies has to exclude them from its fiscal base. Second, over 100 million euros of R&D spending declared to fiscal authorities, the R&D tax credit rate falls to 5%. However, this concerns very few firms (15, in our sample).
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In addition, R&D activities are not necessarily defined similarly in the R&D survey and in the CIR tax report. It results in a gap, stable over time and of around 10 billion euros, in R&D spending as measured in the two sources (Schweitzer, 2019). It also results in additional variability in the distribution of the R&D spending private return. The main differences are the followings. First, labour costs of non-researchers involved in R&D (i.e. technicians and administrative staff) could not be declared to the CIR but are usually included in current R&D spending in survey. Ceteris paribus, the rate of return therefore decreases with the number of research employees that are not (direct) researchers. Second, the spending related to intellectual property is not counted as current R&D spending but it could be declared to the fiscal administration. Ceteris paribus, the rate of return is then an increasing function of spending for intellectual property. Third the actual operating cost of a company may differ from the operating cost that can be legally declared (as a flat rate).

To declare its R&D spending to the French fiscal administration, a company has (i) to fill in a dedicated tax forma dataset based on these tax forms is used in our study, see belowand (ii) to join a "free" description of the R&D projects corresponding to the tax form. This very process could also explain why some firms tend to under-declare R&D spending to the CIR. The tax doctrine concerning R&D tax credit evolves over time and access to an efficient tax or innovation counsellor may be costly. A company may then decide to report only part of its R&D activity, when the administrative costs related to a given project is excepted to be too high. In the same vein, a company may opt for a strategy of fiscal prudence (following the advices of its innovation counselling, for instance), therefore minimizing its R&D efforts.

The various dimensions of the French R&D tax credit scheme could be combined so as to increase the fiscal return for the company. For instance, investing in the construction of a research laboratory (rather than renting one) can be a rewarding strategy, driven by fiscal considerations. The real operating costs decrease (because the firm no longer has any rent to pay), while the declared operating costs remain constant (as they are mostly based on a flat rate on labour costs). In addition, new capital depreciation costs (generated by the investment) could be declared to fiscal authorities, thereby increasing tax credit. Finally, grouping the research staff in its own research lab could ease the identification process of spending dedicated to R&D, therefore reducing the risk of rejection or facilitating the compliance process.

The previous discussion suggests that companies have a significant latitude in organising R&D activity and declaring it to fiscal administration. Because of its design and the need to disclose to the administration, the French R&D tax credit has become de facto an element of the company R&D strategy.

Data, empirical strategy, variables and descriptive statistics

The previous section has argued that R&D tax credit claim needs to be considered as a component of firms' R&D strategy. To further support this argument, we first intend to identify the various types of strategies that are implemented. We then investigate the way variety in firm strategies is related with the dispersion of the rate of returns on R&D spending (as displayed in Figure 1). Ultimately, we seek to identify high-rewarding and low-rewarding strategies. 'i.e. an economic organization that has devoted some of its resources for R&D spending in year 2013. This is the basic unit of observation in the R&D survey. However, a research firm may be composed of several companies (legal persons). In this case, the respondent (in the survey) indicates each of these companies (through the SIREN identification number) and fills the R&D survey by aggregating information across all these companies. Companies are the basic French fiscal units and constitute, as such, the level of observations of the GECIR files. We simply sum-up the tax credit items indicated in the GECIR files, following the aggregation pattern reported in the R&D survey. Finally, we match these two databases (R&D survey and GECIR) with the general company tax reporting (Liasses fiscales), to obtain company-level accounting and financial information. These are non-consolidated financial statements: for business groups (or multi-companies research firms), it is not possible to obtain consistent quantitative variables. However, we can use some information, like the age of the firm or its legal form. For a multi-companies research firm, we keep the variables of the oldest company composing the organization.

Out of 8,320 research firms observed in the R&D survey, 1,344 do not claim the CIR. We finally obtain a sample of 6,976 observations, including almost all firms that claim the CIR. This is our baseline sample, used to perform the clustering analysis. Multi-companies research firms account for a very small part of our sample, around 1.5% of our observations. In the following analysis, we use indifferently the terms company and firm. In our sample, the mean value of the CIR fiscal return is 29.89%, very close from the headline rate of 30%.5 

The empirical strategy

We consider that there exist an unknown but limited number N of R&D strategies. Our main assumption is that a R&D strategy of type i (Si=1, …, N) is consistent, but is not directly observable. We also assume that a strategy could be proxied by various observable characteristics (Fj= 1, …, P). The first step of our analysis is the identification of Si=1, …, N from this set Fj= 1, …, P.

Importantly, the F set include variables related to real R&D spending and variables related to R&D tax credit claim: in our clustering, we therefore consider simultaneously the two types of variables. This is in line with our main assumption, stating that R&D tax credit claims are part of a global R&D strategy, rather than a mere function of R&D activity. Put differently, separating the two would be required if firms were first defining their R&D activities, and then claiming the tax credit in consequence. However, our central argument is that firms consider simultaneously the two dimensions, engaging in some R&D activities (investment, recruitment, etc.) in light of what could be done in terms of tax credit claim. Note that as we plan in a second step to model the rate of return R as a function of our set S of mutually exclusive strategies, we obviously exclude R from the set F, as well as variables informing on the amount of R&D tax credit received by firms (and so directly related to R). Accordingly, when incorporating variables coming from the GECIR database, we will use information on the amount of R&D declared (not on CIR perceived).

We run successively a Principal Component Analysis (PCA) and a Hierarchical Agglomerative Clustering (HAC) analysis. PCA analysis is a method commonly used in taxonomy exercises, allowing to obtain uncorrelated dimensions (or latent variables). Combined with a clustering method like HAC, it reduces the risk that any single indicator dominates the clustering results [START_REF] Everitt | Clustering Analysis[END_REF][START_REF] Hair | Multivariate Data Analysis[END_REF]. 6 Accordingly, we run a HAC based on the components of the PCA. The optimal number of clustersi.e. the number of clusters that maximize inter-cluster variance and minimize intra-cluster variance7 sets the number N of strategies.

In a second step, we perform OLS regressions, to identify the conditional correlation between R (the rate of return on R&D spending) and firm strategies (S). We therefore estimate the following model:

Ri = α Si + C'i β + εi (1)
where i indicates the firm, Ci is a vector of (firm-level) control variables, and εi is the error term.

As indicated previously, 1,344 firms actually engaged in R&D activities do not claim the CIR, for various reasons (complexity of the administrative process, reluctance to have contact with the fiscal authorities, etc.). This (self) selection process may generate a selection bias. To correct for this bias, we use, as a robustness check, a two-step Heckman selection model [START_REF] Heckman | Sample selection bias as a specification error[END_REF]. We first estimate a selection equation (probit model), where the dependant variable is a dummy (CIR) equal to 1 if the firm claims the CIR, and 0 otherwise:

Pr (CIRi) = Ω (Z'i γ) (2)
Z include all the variables of the C vector, plus a variable that we expect to be correlated with the take-up of the tax credit, but not with the fiscal return (exclusion restriction). For each observation i, the inverse of the Mills ratio (or non-selection hazard mi) is computed 8 . The two-step estimates are then obtained with model (1) augmented with mi as a regressor (controlling for selection effect).

The variables

The variables used in the PCA are listed and described in Table 1. For PCA, using variables in level generally leads to identify a first component corresponding to a size effect. For instance, in our case, the level of economic activity (turnover) is obviously correlated with the number of employees, as well as with the level of R&D spending. While these correlations are easily captured by a PCA and could increase the total variance explained by one of the components, they are poorly informative (as far as we do not want firm size to be a variable defining R&D strategy). Accordingly, we compute all our variables as ratios where the denominator is related to firm size: we therefore net out the clustering of any pure size effect. Moreover, we do not consider information on the amount of R&D tax credit received by firms, as it is ultimately what we want to explain. Rather, when we incorporate variables coming from GECIR, we use information on the amount of R&D declared (not on CIR perceived). The variables presented in Table 1 can be distinguished in three groups.

First, a set of six variables comes exclusively from the Survey on corporate R&D (ERD). These variables are used to characterize R&D activity, irrespective of tax credit claims. We first include the Intensity of Research Spending (IRS, defined as total R&D spending on turnover)which is a standard indicator to measure firms' effort in R&D and that has been shown to be A second set of three variables comes exclusively from the R&D tax credit files (GECIR). These variables complement the description of R&D strategies by providing additional information, that cannot be observed with the R&D survey (ERD). These variables are all computed with declared R&D spending used as denominator (in order to neutralize size effects). These variables are the following: the Share of PhD cost in R&D spending (SPHD), the Share of capital depreciation spending (SDEP) and the Share of costs related to Patents (SPAT, measuring the importance of intellectual property management). These three shares go from 0 to 1. The first two (PhD costs and depreciations costs) allow a more detailed description of human and non-human capital investment (respectively), while the third informs on a new, important aspect.9 

A third set of three variables mixes two sources: ERD and the fiscal file of CIR claims (GECIR).

On three dimensions, we are able to compare what is done for real in terms of R&D (as indicated in the ERD), and what firms declare so as to benefit from the tax credit (as indicated in GECIR).

Therefore, these variables inform on the magnitude of optimization strategy in terms of credit claim. These are new, original variables (regarding the literature on R&D taxonomy), consistent with our main research hypothesis (which is to consider simultaneously R&D activity and fiscal claim). The first variable is the Coverage Rate for Operating Cost (CROC) that compares the level resulting from the flat rate of 50% on staff and of 75% on the depreciation costssee section 2.2to real operating costs (by computing the ratio of the former on the latter). The second variable is the Coverage Rate for Labour Cost (CRLC) and the third one is the Coverage Rate of Subcontracting Costs (CRSC). To avoid excluding from our sample observations that are not mathematically defined (for instance, firms that do not externalize R&D), we add 1€ to the denominator. Ultimately, a value greater than 1 indicates that the firm declares more to the fiscal administration than what it has actually spent. It does not necessarily mean that the company cheats the administrationsee section 2.2but indicates that an optimization strategy is implemented.

In our regressions, the dependent variable is R, the return on R&D tax credit for companies, defined as the amount of the tax credit received divided by the level of real (internal and external) R&D spending. We have shown previously that the variance of this variable is quite large. As explanatory variables, we introduce firm strategies (as defined by the HAC), and we control for the following firm characteristics: industry (9 categories), scientific field (9 categories), age (in 5 classes) and size (in 4 classes corresponding to public administration operative categories) (see the Appendix Tables A1 andA2 for more details on industries and scientific fields), as well as two dummies indicating whether the firm acts as subcontractor, and whether the firm declares an amount of R&D spending larger than 100 million euros (the R&D tax credit rate falls to 5% above this threshold).

Descriptive statistics

Descriptive statistics for variables used in the clustering analysis are reported in Table 2: we observe that the distribution of some variables is highly skewed, with the risk for our clustering process to be driven by extreme observations. For these skewed variables, we apply a logtransformation (adding 1€ when the variable is equal to 0). The median for the intensity of research spending is about 10%. A significant number of firms did not invest in research capital, so that the median for the intensity of research investment is 0, but the average is 5% (of total research spending): labour cost is by far the primary (research) cost. The mean value for the share of public funding is 8.4%, but a number of companies do not use any public funding (other than the CIR)so that the median is equal to 0. On average, research staff represents 40% of the workforce, with pure researchers accounting for 70% of this staff and devoting around 60% of their working time to research activity. The medians of the coverage rates for operating cost and labour cost are close to 1 (meaning that companies tend to declare approximately what they have indeed incurred). Finally, the shares of costs (in declared R&D spending) related to PhDs, capital depreciation and patents are, respectively, 1%, 3.7% and 4%. Descriptive statistics for control variables are reported in Appendix, Table A3. We observe that around 40% of research firms operate in the manufacturing sector (against less than 10% for the whole French productive sector). Our sampled firms are also rather old (around two third have more than 10 years), and 58% are small and medium companies.

Clustering results

Table A4 (in Appendix) presents the results obtained with the PCA. The three main components explain only 40.3% of the total variance, whereas the two main components explain 29.7% of the total variance. Using variables in level (i.e. not normalized by firm size) for the PCA would have artificially increased the explanatory power of the first components10 (but the correlations would have been driven by size effects). We therefore decide not to focus on the description of the three main componentsas usually done for PCAbut rather directly on the clustering (HAC). We run a clustering based on all the components i.e. we make the hypothesis that there is no residual noise in the mapping captured by the less informative components of the PCA. The optimal number of clusters is six.

Figure 2 summarizes the agglomerative process of companies' strategies produced by the HAC as it appears from a dendogram. 11 The dendogram first shows that the use of public funding allows differentiating two broad sets of strategies: companies that benefit from few public funding, developing R&D on their own agenda and funds, and those that have developed more intense relationships with public agencies (benefiting from public contracts, direct subventions, etc.excluding the CIR). In the first case (autonomous research), it is possible to distinguish between two sub-categories: companies that have a 'self-contained research' strategy (S2), and a small group of firms that focus on 'patent management' (S1). Among the strategies that tend to benefit from a high-level of public support, a first differentiating factor is the relative place of PhDs. A subgroup of firms tends to appoint a significant number of young PhDs and to declare the related costs to the administration: we call this group 'R&D human capitalintensive' enterprises (S6). Among the firms that focus less on PhDs, a differentiating factor is the relative level of R&D capital investment (real estate dedicated to research, machines for labs, etc.) and lead to isolate the 'capital investment' strategy (S4) from others. Considering the rest of companies, it is possible to make a distinction between firms who have a 'public-oriented research' strategy (S5), having strong relationships with the public sector, from those who tend to implement an 'optimisation' strategy (S3) (benefiting from the loopholes of the French R&D tax credit). Table 3 indicates the distribution of these 6 strategies (using proper statistical weight computed by the data producer). strategies (see below). Descriptive statistics for control variables across strategies is indicated in Appendix, Table A5. 

Self-contained research strategy (S2)

This strategy is largely diffused; it concerns 31.9% of French firms claiming for R&D tax credit, and 22.1% of the researchers employed (see Table 3). It groups together a number of companies that use few public funding to develop their R&D (2.9% on average, against 8.4% for the whole sample). Furthermore, we observe that R&D is a rather marginal activity for these companies: the mean value for the Intensity of Research Spending (IRS) is way below the sample mean value (the picture is exactly the same if we consider the median: it is equal to 3% for the selfcontained strategy, against 10% for the whole sample). The apparent correlation between a low use of public funding and a low research intensity highlights the importance of the public sector in the French private R&D ecosystem. Consistent with the low level of R&D activity, we see that on average, the research staff represents only 19.8% of the workforce, against 41.4% for the whole sample (see Table 4). However, the researchers are more focused on their research activity: 'pure' research activity represents 66.1% of their working time (versus 62.3% on average), and they benefit from a relatively large technical staff (the share of researchers among research staff is 62.7% versus 68.8% on average). This relatively small number of researchers working intensively on R&D activity goes with a propensity to adjust the volume of R&D activity by externalizing and declaring it largely to the CIR (the average coverage rate of subcontracting costs is the highest of all the R&D strategies identified here). This suggests that these companies, by relying significantly on R&D outsourcing, tend to focus in core knowledge-intensive task, as described in García-Vega and Huergo (2019). This strategy concerns more frequently intermediary-size companies (28.2% versus 16.6% on average) and SMEs (62.8% versus 58.1% on average); it is overrepresented in the manufacturing sector (55.5% versus 38.3% on average), construction (2.3 versus 1.3% on average) and in the commerce sector (8.6% versus 6,5% on average).

Patent management strategies (S1)

This is the less diffused strategy, and it rather appears as a spinoff of the self-contained research strategy. It concerns 1% of the firms and 0.3% of the researcherssee Table 3. The main characteristic of this strategy, beside its low use of public funding, is a very high level of patent costsrepresenting on average 37.8% of declared R&D, against 4.1% for the whole sample (see Table 4). Companies belonging to this category also have a relatively high share of depreciation costs (SDEP), meaning that they have recently done capital investment in R&D. They tend to have relatively more researchers in their research staff than the average, but they under-report their costs for CIR and they do not declare young PhDs in their staff. Accordingly, these companies appear to manage the rent of past investments in R&D (capital investment, but also researcher hiring). The fact that they tend to under-declare the payroll of their research staff may indicate that some of their present activity would not be considered as "pure" R&D tasks by the administration. This strategy is overrepresented at the extremes of the size distribution (big companies and micro-business), but also in the financial industry (6.5% versus 0.23% on average) and scientific sector (30.6% versus 2.3% on average).

The remaining four groups are characterized by higher use of public funding, as compared to the patent and to the self-contained strategies.

Human capital-intensive strategy (S6)

This strategy is not largely diffused, as it concerns only 2.7% of the firms claiming for R&D tax credit, and accounts for 0.7% of the researchers employedsee Table 3. It groups together firms that are highly intensive in scientific human capital: the share of research staff and the share of researchers in the research staff are the highest. This strategy also leads to the highest level in the share of PhD costs (29.7% versus 1.0% in the whole sample). The level of capital investment is relatively high (6.7% against 5.2% for the whole sample) but way below what we observe for the capital investment strategy (see infra). This strategy has strong financial relationships with the public sector: firms implementing this strategy have the highest share of public funding (22,5% versus 8,4% in the whole sample). Small organizations are clearly overrepresented in this category (62.6% of micro-firms against 24.4% for the whole sample). We also observe an over-representation of these firms in the science and technique sector (47.6% versus 24.7% of the whole sample). We also note that companies implementing this Documents de travail du Centre d'Economie de la Sorbonne -2021.06

strategy are rather young, at the beginning of their research activity (15% has less than 2 years versus 3% in the whole sample).

Capital investment strategy (S4)

This strategy concerns 7.4% of the firms that benefit from the CIR and 2.1% of the researchers see Table 3. The main characteristic of these firms is their high level in R&D capital investment: they have the highest level of intensity in R&D capital investment (IRI) but also the highest share of depreciation costs (SDEP)see Table 4. By contrast, the average research intensity for researchers (IRAR) is the lowest (49.6% versus 62.3% on average), whereas their research department have less researchers and more technicians than the averagethe SRRS amounts to 65.8% versus 68.8% on average. In sum, they favour physical (research) capital, to the detriment of human capital. This kind of strategy is overrepresented among micro-firms (34.8% versus 24.4% on average). It is consistent with the fact that in small firms, researchers have to take in charge other activity than 'pure' research. These firms are overrepresented in the energy and amenities sector (1.9% versus 0.6% in average) and in the manufacturing sector (47.8% versus 28,3% on average).

Public-oriented research strategy (S5)

This strategy is well diffused among companies claiming for French R&D tax credit: it concerns 42.5% of the firms and 69.7% of the researchers employedsee Table 3. This strategy is implemented by firms with a high share of public funding (11.7% versus 8.4% on average). As such, they are integrated within the public-private French R&D ecosystem. Besides, this strategy stands out by a high level of research intensity (IRS). Overall, it appears as the exact opposite of the Self-contained research strategy (S2). The level of capital investment intensity (IRI) is low, in particular when compared with the Capital investment strategy (S4). The three optimizing indicators (CROC, CRLC, CRSC) are below the average. This is consistent with the fact that companies implementing this strategy rely heavily on public funding, like subsidies: these funds must be deducted from the total amount declared to the R&D tax credit claim and then contribute to the small levels of optimizing indicators. Firms in this category are overrepresented at the extreme of the size distribution: 1.9% are big firms12 (versus 0.9% in the whole sample) and 30.8% are micro-firms (versus 24.4% in the whole sample). These firms operate more frequently in the information and communication sector (28.0% versus 22.9% on average) and on the scientific and technique sector (33.0% versus 24.7% on average). The link with public funding is also apparent when we consider research fields: firms implementing this strategy are over-represented in the aeronautics, naval and military research fields (2.0% versus 1.7% on average in the whole sample) and drugs field (4.2% versus 3.5% in the whole sample) where the French State is highly involved (as a client, or as a large blockholder).

Optimisation strategies (S3)

This last strategy concerns 14.5% of the companies that claim for French R&D tax credit and account for 5.2% of the researchers employedsee Table 3. This strategy is characterized by very high levels of coverage rates for operating costs and labour costs. Companies grouped here may therefore be involved in relabelling strategy: when interviewed as part of an R&D survey, managers may not consider some activities that are nevertheless reported to fiscal authorities to benefit from tax credit. Alternatively, after having completed the ERD survey, managers may have become aware that some of their activity is eligible to the R&D tax credit. These strategies may have been advised by R&D consulting firms, that are now numerous in the French case.

Besides, the intensity of research spending (IRS) is very low on average as well as the intensity of research investment (IRI). This optimisation strategy is found all over the size distribution of companies but is over-represented at the bottom of the size distribution: micro-firms represent 31.9% (versus 24.4% on average) and the SME 60.1% (versus 58.1% on average). This strategy concerns more frequently the information and communication industry (36.8% versus 22.9% on average) and also the finance industry (3.0 % versus 2.3% on average).

In conclusion, our empirical analysis leads to identify two major opposite strategies, which group respectively 32% and 42% of research firms: the self-contained strategy and the publicoriented strategy. Close to the first one, we can identify a strategy, used by a small group of firms, which is characterized by the importance of patent management. Closer to the second (because they rely significantly on public funding), three more strategies can be observed: one intense in (R&D) physical capital (7.5% of the firms), one intense in (R&D) human capital (2.7% of the firms) and the last, characterized by a propensity to optimise on fiscal request (14.5% of the firms).

Regression results

We now investigate in a regression setting the (conditional) correlation between the previously identified R&D strategies and the private return of R&D tax credit. To avoid our estimates being driven by extreme values, we trim the return at the 1% and 99% levels. Our regression sample then includes 6,836 observations.

Regression results are reported in Table 5. In the first model (column 1), we regress the fiscal return of R&D on the R&D strategies, where the self-contained strategy is taken as a reference. This model explains about 9% of the variance in the fiscal return. Besides, we observe that two strategies (optimization and human-capital intensive) are associated with significant higher returns, of a large magnitude (respectively +11.4 and +17 percentage points, as compared to the self-contained strategy, for an average sample mean of 29.9%). This is consistent with our previous discussion. R&D human capital-intensive firms are characterized by an important use of young PhDs; it allows these firms to declare more R&D spending to the fiscal administration. We also know from section 4 that firms implementing an optimization strategy are characterized by a high coverage of R&D personnel spending and operating cost: as such, they fully benefit from the legal flat rate of operating costs.

In model 2 (column 2), we only consider baseline control variables, namely firm size, firm age, industry, scientific research field, plus two dummies indicating whether the firm acts as a subcontractor and whether its R&D spending is above the 100 million euros threshold: the model only explains 5% of the variance in fiscal return, almost half as much as the previous model. Firm strategies, that are heterogeneous within industry, research field, firm age or size, have therefore a larger explanatory power than standard, structural dimensions. Looking at estimated coefficients, we observe that taking SMEs as a reference, micro-firms have an average rate of 2.5 percentage points higher, whereas intermediate size companies and big firms tend to have respectively rates lower of 5 and 6.6 percentage points. This result is consistent with the meta-regression analysis performed by Castellaci and Lie (2015): they have shown that the additionally effect of R&D tax credit is stronger for SMEssee also [START_REF] Kobayashi | Effect of R&D tax credits for SMEs in Japan: a microeconometric analysis focused on liquidity constraints[END_REF] for Japan. Few industrial sectors are significantly associated with the fiscal return, with the exception of the finance and real estate industry, and the building industry, that are associated with a premium. As expected, we observe that begin a subcontractor significantly decreases the fiscal return (as the principal may choose to claim the outsourced R&D), just like being above the 100 million euros threshold. In model 3, we consider simultaneously strategies and structural characteristics. The model explains 12.2% of the whole variance in fiscal return. Importantly, we observe that the correlation between firm strategies and the rate of fiscal return remains significant, even when controlling for firm size and age, industry and research field. It supports the idea that (i) there is a variety of research strategies even within industry, and (ii) these strategies are significant drivers of the private return of R&D tax credit. Further, we observe that while the coefficients on the two 'rewarding' strategies (optimization and R&D human capital-intensive) are slightly reduced (9.5 and 14.2 percentage points respectively), the coefficients on patent management strategy and on public-oriented strategy increase (in absolute value) and become significant: the two strategies are associated with a discount, of about 5 percentage points for the former and 2 percentage points for the latter. These results are consistent with what we know of the two strategies from section 4: the public oriented-strategy tends to benefit from high levels of public subsidies, that have to be deducted from the fiscal basis used to compute the amount of tax credit. We also know that the patent-management strategy is focused on a rent-management approach rather than on intensive R&D activity, a characteristic that could explain the estimated discount. The size effect continues to hold (with a significant discount for large organizations), while we still observe a significant premium in the finance and real estate industry, as well as in the building industry.

We test the robustness of our results in two different ways.

First, in model 4 (column 4), we control for much more detailed sectors (in 88 positions, instead of 9: see Table A1 for the detail). Our results are robust: in particular, we continue to observe a significant discount associated with the patent management strategy and with the publicoriented strategy (4.4 and 1.7 percentage points, respectively) and a significant premium associated with the optimisation and the human capital-intensive strategy (9.5 and 14.6 percentage points respectively). It indicates that there is a strong heterogeneity of firms R&D strategies, even within narrowly defined industry [START_REF] Coad | Persistent heterogeneity of R&D intensities within sectors: Evidence and policy implications[END_REF], and that this heterogeneity is directly associated with the private return of R&D tax credit.

Second, as indicated above, 1,344 out of 8,320 research firms (i.e. 16.2% of the firms that are observed in the research survey) do not declare any research to the administration. Non take-up of tax credit by firms carrying out private research is likely to be non-random, potentially generating biased estimates in our OLS modelling. To correct for selection bias, we use a standard two-step Heckman model. Note that we first drop the observations for which the private fiscal return on R&D is below or above the first and the last percentiles (that is 140 observations, 2% of our baseline sample of 6,976). Indeed, these observations correspond to companies that claim the tax credit (so that they are not concerned by the non take-up), but for which the fiscal return takes extreme values. The selection model is therefore estimated on 8,180 observations (1,344 censored and 6,836 uncensored). For the exclusion restriction, we use a variable informing on the legal statute of the firm. More precisely, we introduce in the selection equation ( 2) a dummy variable that takes value 1 if the company is a public limited company (PLC, Société anonyme in French), 0 otherwise. PLCs are used by large, visible firms, with a clear internal functional division of labour or organizational structure. As such, it is unlikely that these firms try to pass "under the radar" of fiscal authorities or that they do not have the in-house resources to complete CIR forms. Accordingly, we expect the PLC statute to be negatively correlated with the non take-up of tax credit (or positively correlated with CIR claim). By contrast, it is no clear that this legal form, by itself, should have any consequence on the magnitude of the fiscal return. 18% of our 8,180 observations are PLCs. The results of the first stage equation are displayed in Appendix, Table A6. As expected, the coefficient on the PLC dummy (exclusion restriction) is significant and positive (0.285 with a standard error of 0.049), indicating than non take-up is less frequent for PLCs. Turning to the fiscal return Documents de travail du Centre d'Economie de la Sorbonne -2021.06

equation (Table 5 Model 5, column 5), we see that the coefficient on the inverse Mills ratio is significant and negative (-0.085, with standard error equal to 0.045), indicating that some (unobserved) factors that make CIR take-up more likely are associated with a lower fiscal return on R&D. Our results on strategy are virtually unchanged (as compared to Model 3). Correction of the selection bias mainly affects the size variables, with an increase in the discounts associated with large firms and intermediate size companies of about 1 percentage point.

Discussion

Most of the literature on R&D tax credits has focused on assessing the public efficiency of the scheme. Microeconometric studies have in particular examined the rate at which private R&D expenditures increase, due to the introduction of fiscal incentives (additionality ratio) or to the decrease in the marginal costs of R&D (user-cost elasticity). Eventually, other outputs have been considered, such as the number of patents or the magnitude of job creation in research activity. Basically, an additionality ratio or a user-cost elasticity (in absolute value) greater than 1 are interpreted as a sign of 'crowding-in effect' [START_REF] Marino | Additionality or crowding-out? An overall evaluation of public R&D subsidy on private R&D expenditure[END_REF]: public policy is somehow successful in triggering private R&D. By contrast, the estimation of elasticities lower than 1 casts suspicion on the effectiveness of the system, as it indicates that (at least some) firms benefit from the system without significantly leveraging their effort in R&D. However, as stressed by [START_REF] Crespi | The effectiveness of tax incentives for R&D in developing countries: The case of Argentina[END_REF] or Bodas [START_REF] Bodas Freitas | Sectors and the additionality effects of R&D tax credits: A cross-country microeconometric analysis[END_REF], this approach does not provide much help to policy makers in reforming R&D tax program designs: which firms need to be particularly targeted? which mechanisms, regarding R&D reporting or the computation of the credit, need to be revised?

In this study, we have shown that the distribution of R&D fiscal returns is dispersed and associated with various firm's characteristics.

More precisely, our results show that some R&D strategies yield high, significant discount or premium regarding the private fiscal rate of return on R&D, irrespective of size and industry effects. The Public-oriented strategy is associated with a small yet significant discount, of about 2% (as compared to the Self-contained strategy). Firms highly beneficiating from pubic support, under the form of subsidies in particular, are somewhat at a disadvantage regarding tax credit: it indicates that the two mechanisms (direct subsidies and tax credit) act more as substitute than complementary. This conclusion suggests that in the future, empirical studies should provide deeper attention to the combination of various measures in favour of R&Dsee [START_REF] Montmartin | The impact of the French policy mix on business R&D: How geography matters[END_REF] for an evaluation and a discussion in this vein, at the regional level.

By contrast, the Optimization strategy is associated with an average bonus of 9.5 percentage points. This strategy is not negligible. Based on our computation for 2013, it concerns 5.5 percent of the whole amount of credit distributed -i.e. assuming that the share of this strategy among companies has remained constant over time, it corresponds grosso modo to 358 million euros in the current CIR regime. 13 It suggests the existence of a deadweight loss for the programme that could be diminished by modifying some rules like the flat rate for operating costs and/or increasing controls on these costs. One could expect some substantial gains for the taxpayer if the corporate fiscal returns for this strategy go back to the average rate. The human capital-intensive strategy also yields a large, significant premium, of about 14 percentage points. This premium is directly related with the programme design, allowing companies to double spending related to newly appointed PhD researches. In contrast with the Optimization strategy, the premium therefore reflects deliberate efforts by French authorities to foster the employment of young PhDs.

Ultimately, from a policy point of view, the main question is: does the tax credit primarily reward the best strategies? The answer depends on the objectives of the R&D tax credit. In the literature, two outputs are generally considered: the number of patents (as a measure of innovation) and the number of scientific (researcher) jobs. Our data provide us with information regarding these two dimensions. In particular, it is possible to compare, at the macro-level and for each strategy, the share of CIR captured to the shares in total R&D output (patents and scientific employment).

If the objective of the public policy is to favour the production of patents, then the best strategy is clearly the 'Patent management strategies' that produces 0.8% of the patent with 0.3% of the CIRthe ratio is then 2.67. Three strategies have a ratio close to 1respectively 1.06, 1.02 and 0.98 for the 'Self-contained research strategy', the 'Public-oriented strategy', and the 'Capital investment strategy'. The worse strategies are the 'Human capital-intensive' and the 'Optimisation' strategies, with a respective ratio of 0.5 and 0.4. Note however that there are some compelling arguments against a R&D public policy mainly focused on patentssee [START_REF] Boldrin | The case against patents[END_REF] for a review. The role of scientists in the firm's innovation activity has been recently surveyed by Herrera (2019). She argues that analysing the innovative outcome of corporate scientists with patent is limitative. In this view, if the objective of the public policy is rather to favour the level of employment in R&D, then the best strategy is the 'Public oriented strategy' that produces 69.7% of researcher employment with 65.5% of the CIRthe ratio is then of 1.07. The patent management strategy has a ratio close 1, while all the other strategies have a ratio under 1, ranging from 0.95 for the 'Optimisation strategy' to 0.51% for the 'Capital investment strategy'.

Moreover, our results exhibit few but robust industry effects, controlling for various demographic variables. The building sector as well as the financial and real estate sector exhibit respective bonuses of 6.6 and 4 percentage points on the corporate fiscal return. These results indicate that these sectors benefit from the current design and compliance rules for the R&D tax credit. In the case of the building sector, firms may also benefit from a relatively favourable compliance doctrine by the ministry's experts, as part of a larger public policy aiming at supporting the green, ecological transition. From a policy point of view, and regarding at least the financial industry, the fiscal premium calls for a particular attention, tracking the potential fiscal loopholes of the CIR.

More generally, from a policy point of view, our analysis suggests that the 'R&D doctrine' (ultimately defining what is and what is not R&D) should not be a blind spot for the R&D tax credit policy. As mentioned previously (section 2), companies submit a 'free' description of their R&D project to the review of Ministry's (MESRI) officers and their appointed experts who check that the project corresponds to the Frascatti manual's definition of R&D and is then eligible for tax credit. Even under Frascatti's rules, experts have some latitude in interpreting the criteria for their own industry/research field of expertise. A higher private return for the Documents de travail du Centre d'Economie de la Sorbonne -2021.06

finance industry may be the sign of an experts' network in this industry promoting a 'R&D doctrine' based on relatively 'light' criteria, making the compliance process easier. A premium on R&D tax credit for some industries is not a bad thing in itself, as long as it is associated to a consistent national research strategy, detailing the reasons of such choices and placing them in the context of a more general policy (green transition, health policy, etc.). From this point of view, the premium observed for the finance industry raises questions.

Conclusion

This article starts with an observation, made for French firms in the mid-2010s: the distribution of the private return on R&D tax credit is widely dispersed, around an average value of 30%.

We seek to explain this dispersion. Our assumption, based on the literature on corporate R&D, is that firms build and implement specific R&D strategies, combining research activity and fiscal claims, with possibly the support of specialized consulting agencies. We use multivariate clustering analysis to identify 6 mutually exclusive R&D strategies. We then show, using regression analysis, that some of these strategies are associated with significant (conditional) discount or premium in the private return on R&D tax credit, beyond industry or size effects.

Put differently, we report that the identified strategies substantially add-up to explain the variance in the companies' fiscal returns on R&D spending.

More precisely, our results show that what we call an optimisation strategy is robustly associated with higher fiscal returns for companies. We also show that the finance industry, as well as the building industry, lead to leverage the payoffs resulting from tax reliefs. This raises questions from a public policy point of view. It suggests that the 'R&D doctrine' used by the authority and the research administration may be an important leverage to adjust companies' fiscal returns on R&D. Finally, our study indicates that future research mixing quantitative and qualitative analysese.g. by collecting ministry's experts' interviews on the variability of compliance criteria across research fieldswould be of great interest. 

Figure 1 .

 1 Figure 1. Distribution of the private return on R&D tax credit
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Figure 2 .

 2 Figure 2. A mapping of R&D strategies' types
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	The data
	To identify R&D strategies, we need information on the various dimensions of R&D activity
	and spending and on R&D tax claim, at the company level. To compute firms' private rate of
	return on R&D, we also need information on the amount of tax credit ultimately received by
	firms.
	First, we use the French Survey on Corporate R&D (ERD), for 2013, that informs on the amount
	and types of spending related to R&D at the firm level (see Marino et al., 2016, for a detailed
	presentation). This mandatory and representative survey is produced each year by the French
	Ministry of Higher Education, Research and Innovation (MESRI). Our second data set is the
	2013 GECIR file that informs on R&D tax credits. It is managed jointly by the MESRI and the
	Ministry of Finance. It is a comprehensive administrative dataset, that includes all corporate
	fiscal declarations of R&D spending for the CIR claim in 2013. Our unit of analysis is what we
	call a 'research firm

Table 1 . Variables (definition and source) used in the clustering analysis

 1 

Note: French Survey on corporate R&D (ERD) produced by the French Ministry of Higher Education Research and Innovation (MESRI). Fiscal files of R&D tax claim (GECIR) produced by the MESRI and the French Public Finance General Directorate (DGFiP).

  [START_REF] Coad | Persistent heterogeneity of R&D intensities within sectors: Evidence and policy implications[END_REF]. We then consider the two main components of R&D expenditures (or the two main production factors): R&D capital and R&D personnel. For capital, we compute the Intensity of Research Investment (IRI, defined as investment in R&D capital divided by total R&D spending). For R&D human capital, we use three distinct ratios: the Share of Research Staff in total employment (SRS), the Share of Researchers in Research Staff (SRRS) and the Intensity of Research Activity per Researcher (IRAR). Overall, we include more variables to characterize R&D human resource management than what is usually found in the literature: for instance,[START_REF] Schmid | Family firms and R&D behavior-New evidence from a large-scale survey[END_REF] only consider the Share of Research Staff (SRS), while[START_REF] Jong | The fruit flies of innovations: A taxonomy of innovative small firms[END_REF] use a dummy variable equals to 1 if the "firm employed people who were occupied with innovation in their daily work". By contrast, we are able to integrate the intensity of research activity by researcher (IRAR) and the fraction of 'real' researchers among the research staff (SRRS). These are important dimensions, as far as having a team of pure researchers devoting 90% of their time to research is certainly different from a research team mainly composed of supporting employees, with researchers devoting less than 40% of their activity to research. Finally, we include in our analysis of firms' strategies the Share of Public Funding in total R&D spending (SPF). Public funding includes all funding received by the company from public agencies (ministries, universities, local authorities, etc.) in the form of contracts, subsidies or advances, as well as incentive creditswith the exception of tax credit (CIR and Young PhD programme). It is obviously a critical dimension of R&D strategy, especially considering the importance of R&D (direct) subsidies in most economies (see e.g.[START_REF] Beck | Public Funding and Corporate Innovation[END_REF], for a survey).

	Variable		Definition	Sources
	IRS	Intensity of research spending	R&D spending/ Turnover	
	IRI	Intensity of research investment	Capital R&D spending/ R&D spending	
	SPF	Share of public funding	Public funding/ R&D spending	
				ERD (MESRI)
	SRS	Share of research staff	R&D workforce (in person)/ Total workforce (in person)	
	SRRS	Share of researchers in research staff	Researcher workforce (in person)/ R&D workforce (in person)	
	IRAR	Intensity of research activity per researcher	Researcher workforce (in FTE)/ Researcher workforce (in person)	
	SPHD	Share of PhD cost	Declared young PhDs costs / Declared R&D spending	
	SDEP	Share of (capital) depreciation	Declared depreciation costs / Declared R&D spending	GECIR (MESRI, DGFiP)
	SPAT	Share of patents' cost	Declared Patent management spending / Declared R&D spending	
	CROC	Coverage rate for operating cost	Operating cost decared to CIR*/ Operating costs**	*GECIR (MESRI, DGFiP)
	CRLC	Coverage rate for labour cost	R&D payroll declared to CIR*/ R&D payroll**	**ERD (MESRI)
	CRSC	Coverage rate of subcontracting cost	Declared externalized R&D spending*/ externalized R&D spending**	
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Table 2 . Summary statistics for research firms: active variables

 2 

Source: ERD 2013 (MESRI), GECIR (MESRI, DGFiP) -authors' calculation.

Table 3 . The distribution of R&D and fiscal claim strategies

 3 The two columns on the right side are weighted statistics.

Note: Source: ERD 2013 (MESRI), GECIR (MESRI, DGFiP) -authors' calculation.

Table 4

 4 

	Number of observations	Relative frequency (in %)	Relative weighted frequency (in %)	Share of researchers (full time equivalent in %)

reports the statistics (mean and standard deviation) of the original variables for the 6 identified groups. We rely on these statistics to give a broad overview of each of these 6 Documents de travail du Centre d'Economie de la Sorbonne -2021.06

Table 4 . Descriptive statistics (mean and standard deviation) for active variables used for strategies clustering by cluster

 4 

Note: standard deviation in parentheses. Source: ERD 2013 (MESRI), GECIR (MESRI, DGFiP) -authors' calculation.

Table 5 . Regression of firms' rate of fiscal returns on R&D strategy
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	Note: standard deviation in parentheses; significative at *** 1% level, ** 5% level, * 10% level.
	Source: ERD 2013 (MESRI), GECIR (MESRI, DGFiP) -authors' calculation.

Table A2 . Scientific fields and the French Research Administration classification

 A2 

	Scientific field	
	scientific and technical fields	R30 activités spécialisées, scientifiques et techniques
	computing and information industries	R29 activités informatiques et services d'information
	publishing, audiovisual distribution	R27 édition, audiovisuel, diffusion
	metal and machinery manufacturing	R12 fabrication de produits métaliques (sauf machines et équipement) R18 fabrication de machines et d'équipements non produits ailleurs
	chemical industry	R07 industrie chimique
	pharmaceutical industry	R08 industrie pharmaceutique
	agriculture, food manufacturing	R01 agriculture, sylviculture, pêche R03 fabrication de denrées alimentaires, boisson et produits à base de tabac
	aerospace, marine and military industries	R20 construction navale, ferroviaire et militaire R21 construction aérautique et spaciale
	other	R02 industries extractives
		R04 fabrication textiles, industrie de l'habillement, cuir et chaussure
		R05 travail du bois, industries du papier et imprimerie
		R06 cokéfaction et raffinage
		R09 fabrication de produits en caoutchouc et en plastique
		R10 fabrication d'autres produits minéraux non métalliques
		R11 métallurgie
		R13 composants, cartes électronique, ordinateurs, équipements périphériques
		R14 fabrication d'équipement de communication
		R15 fabrication d'instruments et appareils de mesure, essai & navigation, horlogerie
		R16 fabrication équipement d'irradation médicale électromédical & électrothérapeuthique
		R17 fabrication d'équipents électriques
		R19 industrie automobile
		R22 autres industries manufacturières non comprises ailleurs
		R23 production et distribution, électricité, gaz, vapeur & air conditionné
		R24 production & distribution eau assainissement, gestion déchet et dépolution
		R25 construction
		R26 transports et entreposage
		R28 télécommunication
		R31 activités financières et d'assurance
		R32 autres activités non comprises ailleurs

Source: authors and (*) French Ministry of Higher Education, Research and Innovation (MESRI).

Corresponding label of the variable used by the French Administration
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Table A4 : The PCA components

 A4 

Source: ERD 2013 (MESRI), GECIR (MESRI, DGFiP) -authors' calculation.

Table A5 . Descriptive statistics (mean) for illustrative variables by cluster

 A5 

	Components	Eigenvalue	Percentage of variance	Cumulative percentage of variance
	Component 1	2.04		17.04			17.04
	Component 2	1.52		12.70			29.74
	Component 3	1.27		10.59			40.33
	Component 4	1.26		10.47			50.80
	Component 5	0.97		8.08			58.88
	Component 6	0.06		9.02			66.90
	Component 7	0.87		7.29			74.18
	Component 8	0.83		6.81			81.09
	Component 9	0.75		6.35			87.34
	Component 10	0.69		5.75			93.09
	Component 11	0.55		4.62			97.71
	Component 12	0.27		2.29			100.00
	Variables		All Sample	Patent management strategy (S1)	Self-contained research strategy (S2)	Optimisation strategy (S3)	Capital investment strategy (S4)	Public-oriented reserach strategy (S5)	Human capital-intensive strategy (S6)
	R&D subcontractor		0.119	0.048		0.073	0.103	0.14	0.149	0.279
	Size class							
	big firms		0.009	0.032		0.008	0.003	0.002	0.013	0.000
	intermediate size companies		0.166	0.145		0.282	0.077	0.105	0.121	0.007
	SMEs		0.581	0.468		0.628	0.601	0.545	0.558	0.367
	micro-firms		0.244	0.355		0.082	0.319	0.348	0.308	0.626
	Age (in years)							
	]0 ; 2]		0.030	0.048		0.011	0.03	0.044	0.036	0.150
	]2 ; 5]		0.132	0.113		0.056	0.168	0.168	0.163	0.361
	]5 ; 10]		0.183	0.177		0.12	0.21	0.168	225	0.211
	more than 10		0.637	0.613		0.789	0.579	0.606	561	0.272
	n.a.		0.018	0.048		0.024	0.012	0.015	0.015	0.007
	Industrial sector							
	agriculture		0.010	0.016		0.013	0.006	0.010	0.009	0.007
	manufacturing		0.383	0.355		0.555	0.284	0.478	0.278	0.136
	energy and facilities		0.006	0.016		0.004	0.007	0.019	0.006	0.000
	building		0.013	0.016		0.023	0.012	0.010	0.007	0.007
	trade		0.065	0.065		0.086	0.048	0.075	0.051	0.088
	information and communication		0.229	0.145		0.133	0.368	0.115	0.280	0.252
	finance and real estate		0.023	0.065		0.026	0.030	0.017	0.019	0.014
	scientific and technical activities		0.247	0.306		0.135	0.216	0.237	0.330	0.476
	other		0.024	0.016		0.024	0.029	0.038	0.020	0.020
	Scientific field							
	scientific and technical fields		0.192	0.177		0.102	0.189	0.205	0.250	0.422
	computing and information industries	0.156	0.113		0.090	0.249	0.080	0.190	0.190
	publishing, audiovisual distribution	0.076	0.081		0.045	0.119	0.038	0.092	0.082
	metal and machinery manufacturing	0.110	0.194		0.160	0.102	0.145	0.071	0.034
	chemical industry		0.049	0.000		0.068	0.027	0.061	0.039	0.061
	pharmaceutical industry		0.035	0.016		0.039	0.021	0.013	0.042	0.000
	agriculture, food manufacturing		0.057	0.081		0.087	0.029	0.069	0.040	0.340
	aerospace, marine and military industries	0.017	0.016		0.015	0.013	0.008	0.020	0.007
	other		0.309	0.323		0.392	0.251	0.382	0.258	0.170
	Number of observations		6,976	62		2,336	894	477	3,058	147

Source: ERD 2013 (MESRI), GECIR (MESRI, DGFiP) -authors' calculation. Documents de travail du Centre d'Economie de la Sorbonne -2021.06

Table A .6. First stage equation for the Heckman selection model

 A 

		Claiming for CIR
	intercept	1.056	0.051 ***
	Size class		
	big firms	0.278	0.212
	intermediate size companies	0.315	0.056 ***
	SMEs	ref	
	micro-firms	-0.409	0.043 ***
	Age (in years)		
	]0 ; 2]	0.081	0.092
	]2 ; 5]	0.322	0.057 ***
	]5 ; 10]	0.288	0.050 ***
	more than 10	ref	
	n.a.	-0.605	0.138 ***
	Industrial sector		
	agriculture	0.815	0.219 ***
	manufacturing	0.079	0.069
	energy and facilities	-0.300	0.199
	building	-0.132	0.158
	trade	0.148	0.089 *
	information and communication	0.109	0.094
	finance and real estate	0.137	0.130
	scientific and technical activities	ref	
	other	-0.230	0.111 **
	R&D subcontractor	-0.281	0.050 ***
	PLC	0.284	0.050 ***
	pseudo R²	0.046	
	Observations	8180	
	censored	1344	
	uncensored	6836	
	Source: ERD 2013 (MESRI), GECIR (MESRI, DGFiP) -authors' calculation.
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The OECD (2018) reports that 33 countries currently use tax credit to support innovation in the corporate sector.

The three surveys conclude that tax credits are found to have positive effects on private R&D, with average elasticities close to unity. For more recent evidence, see Bodas Freitas et al. (2017),[START_REF] Brown | What promotes R&D? Comparative evidence from around the world[END_REF],Bloom et al. (2019),[START_REF] Guceri | Effectiveness of fiscal incentives for R&D: Quasi-experimental evidence[END_REF] and[START_REF] Agrawal | Tax credits and small firm R&D spending[END_REF]. For the French case, the country we investigate, evaluations have been made by[START_REF] Duguet | Are R&D subsidies a substitute or a complement to privately funded R&D?[END_REF],[START_REF] Marino | Additionality or crowding-out? An overall evaluation of public R&D subsidy on private R&D expenditure[END_REF] or[START_REF] Montmartin | The impact of the French policy mix on business R&D: How geography matters[END_REF]. Reviewing the various impact studies devoted to the French case,Harfi and Lallement (2019) consider that on average, 1€ of R&D tax credit adds 1€ to private R&Din line with the three aforementioned literature reviews. Documents de travail du Centre d'Economie de la Sorbonne -2021.06

The Frascati Manual is used as a guideline by administrative public authorities to define and identify R&D activity.Documents de travail du Centre d'Economie de la Sorbonne -2021.06

When we started this research (in year 2019), 2013 was the most recent available file for the GECIR database. Since then, the access to the 2014 file has been open. Documents de travail du Centre d'Economie de la Sorbonne -2021.06

When using analytical weight provided by the data producer, we obtain a mean return of 31.4%. This slight discrepancy mirrors the data collecting process of the R&D survey, which is almost exhaustive for large firms but not for small ones: as shown in Figure1, firm size is associated with differences in the rate of return. Documents de travail du Centre d'Economie de la Sorbonne -2021.06

See for instance[START_REF] Jong | The fruit flies of innovations: A taxonomy of innovative small firms[END_REF] for an application of this combined method to obtain a taxonomy of innovation strategies by small firms.

This so-called Ward method is generally considered as providing good results compared to other clustering methodde[START_REF] Jong | The fruit flies of innovations: A taxonomy of innovative small firms[END_REF];[START_REF] Milligan | Methodology review: Clustering methods[END_REF].

The inverse Mills ratio is the ratio of the probability density function to the complementary cumulative distribution function. Documents de travail du Centre d'Economie de la Sorbonne -2021.06

Note that we do not use an indicator based on the number of patents, a standard proxy of R&D output or efficiency. Our goal here is not to measure R&D efficiency. Documents de travail du Centre d'Economie de la Sorbonne -2021.06

When we do so, the two main components explain 54% of the variance, and the three main components 63%.

The complete dendogram is available upon request. Documents de travail du Centre d'Economie de la Sorbonne -2021.06

More over this strategy corresponds to firms that declare an amount of R&D spending above the threshold who lead to decrease the marginal tax credit rate of return for the firm. Documents de travail du Centre d'Economie de la Sorbonne -2021.06
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The last available data of the French Ministry (MESRI, 2020) estimated that in 2018 the CIR amounts to 6,5 billion euros. Documents de travail du Centre d'Economie de la Sorbonne -2021.06
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Appendix