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Does grant funding foster

Over the last fifteen years, European countries have increasingly relied on competitive grants to allocate research funding, replacing the more traditional block funding model. Policymakers are interested in assessing the effectiveness of the grant funding model in producing impactful research. However, the literature aiming to quantify the effect of grants on the resulting research's impact is scant. In the French context, we compare the impact of scientific articles resulting from the support of competitive grants from the main national funding agency with the impact of articles not

Introduction

In the last fifteen years, European countries have supported research institutions introducing the competitive grant model for science funding to replace traditional block funding [START_REF] Geuna | The Changing Rationale for European University Research Funding: Are There Negative Unintended Consequences?[END_REF][START_REF] Stephan | How Economics Shapes Science[END_REF][START_REF] De Boer | Policy Analysis of Structural Reforms in Higher Education[END_REF][START_REF] Wang | Funding model and creativity in science: Competitive versus block funding and status contingency effects[END_REF][START_REF] Veugelers | Excess Risk-Aversion at ERC[END_REF]. The competitive grant funding model echoes the one adopted in the U.S. and consists of public agencies evaluating project proposals to assign funds to researchers through a peer-review process. The block funding model echoes the one historically adopted by European countries and consists of a steady stream of funding, allocated either incrementally or on a formula basis, addressed to universities and research institutions.

Although scientific literature has already attempted to link grant funding and knowledge production at the researcher level [START_REF] Arora | The impact of NSF support for basic research in economics[END_REF][START_REF] Defazio | Funding incentives, collaborative dynamics and scientific productivity: Evidence from the EU framework program[END_REF][START_REF] Gush | The effect of public funding on research output: the New Zealand Marsden Fund[END_REF][START_REF] Heyard | The value of research funding for knowledge creation and dissemination: A study of SNSF Research Grants[END_REF], the analysis of the impact of the knowledge produced with grant funding is still scant and relies on selected samples [START_REF] Wang | Is there a relationship between research sponsorship and publication impact? An analysis of funding acknowledgements innanotechnology papers[END_REF]Gök et al., 2016;[START_REF] Tonta | Does monetary support increase citation impact of scholarly papers?[END_REF][START_REF] Álvarez-Bornstein | Is funding related to higher research impact? Exploring its relationship and the mediating role of collaboration in several disciplines[END_REF]. Nonetheless, studying the impact of the knowledge produced with grant funding is crucial because it concerns the effectiveness of governments' spending decisions for advancing science and technology and, ultimately, fostering countries' economic growth [START_REF] Lane | Measuring the results of science investments[END_REF][START_REF] Oancea | Research governance and the future(s) of research assessment[END_REF]OECD, 2019). To fill this literature gap, our study aims to answer the question: does grant funding affect the impact of the knowledge produced?

We identified three possible mechanisms through which grant funding influences the impact of the knowledge produced. First, grants provide researchers with additional resources expected to increase the research quality and, ultimately, research impact. Second, grants are delivered by funding agencies whose stated goal is to support promising research ideas. Therefore, agencies are expected to select and fund high-impact research. Nonetheless, this assumption clashes with recent empirical evidence showing that funding agencies tend to be biased against risk and promote less novel and impactful research, contrary to what they claim [START_REF] Veugelers | Excess Risk-Aversion at ERC[END_REF][START_REF] Franzoni | Funding risky research[END_REF]. Third, grants might hamper impactful research by bounding research ideas and collaborations within the framework of the initially submitted research proposal. Indeed, the lack of flexibility in changing the research subject or the team composition might prevent researchers from following promising research avenues that unexpectedly emerge during the research effort.

Studying the relationship between grant funding and research impact

The empirical literature aiming to quantify the impact of research funding is still limited and far from reaching a consensus [START_REF] Arora | The impact of NSF support for basic research in economics[END_REF][START_REF] Jacob | The impact of research grant funding on scientific productivity[END_REF][START_REF] Gush | The effect of public funding on research output: the New Zealand Marsden Fund[END_REF][START_REF] Heyard | The value of research funding for knowledge creation and dissemination: A study of SNSF Research Grants[END_REF]. The vast majority of existing studies look at the change in researchers' publication outcomes when individual researchers are awarded competitive grants.

These studies suggest that funding positively affects researchers' productivity. However, the extent to which researchers' productivity benefits from funding is not clear, and not all the empirical evidence confirms the positive impact of funding. [START_REF] Arora | The impact of NSF support for basic research in economics[END_REF] and [START_REF] Gush | The effect of public funding on research output: the New Zealand Marsden Fund[END_REF] evidence a modest positive impact of grant funding on researchers' productivity. Heyard and Hotternott (2021) find a significant impact of grant funding on researchers' publication quantity, quality, and dissemination for researchers granted by the Swiss National Science Foundation. [START_REF] Mariethoz | The imaginary carrot: no correlation between raising funds and research productivity in geosciences[END_REF] claim no correlation between grant funding, researchers' publication, and citation records in Geo-sciences.

Another strand of literature analyzes the effect of funding at the publication level. Some studies find a positive impact of grant funding on publications' citations received and the prestige of the journals where articles are published [START_REF] Campbell | Bibliometrics as a performance measurement tool for researchevaluation: The case of research funded by the National Cancer Institute of Canada[END_REF][START_REF] Zhao | Characteristics and impact of grant-funded research: A case study of the library and information science field[END_REF][START_REF] Wang | Is there a relationship between research sponsorship and publication impact? An analysis of funding acknowledgements innanotechnology papers[END_REF][START_REF] Yan | The funding factor: A cross-disciplinary examination of the association between research funding and citation impact[END_REF][START_REF] Álvarez-Bornstein | Is funding related to higher research impact? Exploring its relationship and the mediating role of collaboration in several disciplines[END_REF]. Nonetheless, other studies find a modest effect for selected samples of articles published in specific journals [START_REF] Rigby | Looking for the impact of peer review: does count of funding acknowledgments really predict research impact[END_REF], in specific fields [START_REF] Haslam | What makes an article influential? Predicting impact in social and personality psychology[END_REF], or when focusing on specific funding programs [START_REF] Langfeldt | Options and limitations in measuring the impact of research grants-evidence from Denmark andNorway[END_REF] or countries [START_REF] Tonta | Does monetary support increase citation impact of scholarly papers?[END_REF].

We expect three possible mechanisms through which competitive grant funding affects the citations received by the articles produced by researchers awarded grants. First, the additional monetary resources provided by grants might increase the likelihood of producing impactful research. Researchers can exploit these resources to bear the cost of state-of-the-art equipment, access to data, and an additional workforce in the lab [START_REF] Katz | What is research collaboration?[END_REF]. Moreover, the grant application guidelines often imply that part of the monetary resources must be contractually devoted to better disseminate the research results to foster the articles' scientific impact1 . Second, funding agencies claim to support breakthrough research (ANR, 2020;[START_REF] Franzoni | Funding risky research[END_REF].

Therefore, the selection process conducted by the ANR funding agency is expected to identify breakthrough research projects that lead researchers to produce articles more likely to be cited [START_REF] Lewison | The effect of funding on the outputs of biomedical research[END_REF][START_REF] Wang | Bias against novelty in science: A cautionary tale for users of bibliometric indicators[END_REF]. Despite what funding agencies claim, a strand of recent literature is skeptical about funding agencys' claim to fund breakthrough research and highlights how funding agencies tend to be risk-averse, selecting safe projects that ensure concrete results in the short-term [START_REF] Stephan | Blinkered by bibliometrics[END_REF][START_REF] Veugelers | Excess Risk-Aversion at ERC[END_REF][START_REF] Franzoni | Funding risky research[END_REF]. In this latter case, the support of competitive grants might reduce the articles' impact. Third, grants might bound research ideas within the framework of a submitted research proposal. Grant-funded researchers are forced to pursue their initial idea and must deliver results related to the project proposed to the funding agency. If the project does not develop according to the initial researchers' expectations, its results might be less impactful [START_REF] Wei | Do scientists trace hot topics?[END_REF]. Similarly, research collaborations stated in the project proposed to the funding agency might lead to a lack of flexibility in changing the configuration of the research team, reducing the impact of the project outcomes. Indeed, collaborations stated in the proposed project can also be used for non-scientific purposes. For instance, highly reputed scientists might be included in the project to increase the chances of obtaining the grant [START_REF] Katz | What is research collaboration?[END_REF].

One original contribution of our study is that we assess the effect of grant funding considering all the articles produced by the awarded researchers across research fields. We expect research funding to affect the publications' impact differently across fields. Research fields differ in research methods, teamwork approach, international vocation, and funding use. For example, researchers in equipment-based fields, such as Engineering or Physical sciences, may benefit more than Mathematics from grants' additional resources by purchasing the state-of-the-art equipment needed to carry out impactful research. Similarly, collaboration-oriented research fields may require additional funding from grants to cultivate broad collaborations and foster researchers' mobility to produce impactful research.

Empirical framework, data, and methodology

Empirical framework

We conduct our empirical analysis in France, where researchers are funded in two ways. First, French researchers benefit from block funding through a monthly salary paid by their university of affiliation or by a national public research organization 2 (OECD, 2019). Second, French researchers can apply for research grants. France launched its national funding agency, Agence Nationale de la Recherche (ANR), in 2005. ANR distributes funds to individual researchers based on a competitive peer-reviewed process. The main goal of the ANR is to "promote research in all its forms […] on the principle of peer review based on scientific excellence" 3 . Since 2006, it has distributed around 1,100 individual grants per year. In 2019, it awarded 1,157 research projects with an average budget of 400,000 euros per project. Applications from all disciplines are eligible.

Data

We rely on the funding acknowledgment information reported in scientific articles to identify grant-funded and non-grant-funded publications [START_REF] Rigby | Systematic grant and funding body acknowledgment data for publications: New dimensions and new controversies for research policyand evaluation[END_REF][START_REF] Gok | The impact of research funding on scientific ouputs: Evidence from six smaller European countries[END_REF][START_REF] Grassano | Funding Data from Publication Acknowledgements: Coverage, Uses and Limitations[END_REF]. Specifically, we retrieve the acknowledgment information from the Web of Science (WOS) bibliometric dataset provided by Clarivate 4 . We use Microsoft Academic Graph (MAG) citation data to assess the publication impact.

We construct our universe of publications by collecting all the 481,536 scientific articles published between 2009 and 2013, having at least one author affiliated with a French institution and a Digital Object Identifier (DOI). We choose 2009 as the starting date of our analysis because WOS acknowledgment data are reliable only starting from that date [START_REF] Mongeon | The journal coverage of Web of Science and Scopus: a comparative analysis[END_REF]Mejia, 2017). We choose 2013 as the end year because MAG citation data are unreliable after 2018 and, for the articles published in 2013, we need a 6-year forward citation window to evaluate their impact. We focus on scientific articles and exclude other types of publications, such as reviews or book chapters. Moreover, we limit our analysis to publications written in English because WOS collects acknowledgments only for those publications. Finally, we exclude journals 2 The largest public research organization in France is the Centre national de la recherche scientifique (CNRS). 3 Website: https://anr.fr/fileadmin/documents/2021/ANR-RA2020-en.pdf, page 04. 4 Web of Science (WOS) provides two acknowledgment fields, one reporting the raw text as written in the paper and the other is an artificial field that already extracted the names of the funding organizations from the raw text through an algorithm. The WOS algorithm does not seem to be accurate, thus we rely on the raw text of the acknowledgments.

in Social Sciences and Humanities because, for these disciplines, WOS reports reliable acknowledgments only starting from 2015 [START_REF] Álvarez-Bornstein | Funding acknowledgements in the Web of Science: Completeness and accuracy of collected data[END_REF][START_REF] Liu | Funding information in Web of Science: an updated overview[END_REF]. After applying all the previously mentioned constraints, we obtained a sample of 283,873 scientific articles.

We retrieve articles' and authors' characteristics used for the matching identification strategy from Elsevier's SCOPUS database. We add information on the authors' gender by matching the authors' given names with French5 and international gender-name databases6 . We use the QS university ranking7 to characterize the prestige of the authors' affiliations. Our sample of 283,873 publications can not be promptly matched with the complementary information retrieved from these databases. For instance, when we attribute gender to authors by matching the authors' names with the gender-name datasets, we can not attribute gender to all the authors for 84,943 articles. In this case, we remove the corresponding articles from our dataset. After matching the articles' and authors' characteristics, we end up with a study sample of 195,435 articles.

Identifying grant-funded articles and non-grant-funded articles

From our sample of 195,435 articles, we select all 23,950 articles acknowledging at least one ANR grant among the funding sources (12.25% of the publications in our sample). To avoid mixing the effects of several funding sources contributing to the research outcome described in an article, we limit the sample of grant-funded articles to the 6,441 publications reporting only ANR grants as the funding source. In other words, we excluded the articles acknowledging other non-ANR grants in addition to an ANR grant8 .

To identify publications without grant funding, we considered articles that do not report any acknowledgment. The logic is that if no grant acknowledgment is reported in an article, the research outcome described in the article is likely to result from government block funding used to pay the researcher's salary and the lab equipment. Among the 195,435 publications in our sample, we identified 76,615 articles with no acknowledgments. This figure corresponds to 39.2% of our sample, in line with previous studies [START_REF] Grassano | Funding Data from Publication Acknowledgements: Coverage, Uses and Limitations[END_REF].

Methodology

Our analysis compares the impact of articles resulting from the support of ANR grants with the impact of articles not supported by any grant. We measure the articles' impact in the short and long run. To measure the impact in the short run, we count the number of yearly citations received by an article in the first three years after its publication, i.e., from year t to t+2, where t is the year of publication. To measure the impact in the long run, we count the number of yearly citations received by an article from year t+3 to t+5.

A simple comparison between the number of citations received by the 6,441 grant-funded and the 76,615 non-grant-funded articles is likely to be affected by a selection bias [START_REF] Jaffe | Building Programme Evaluation into the Design of Public Research-Support Programmes[END_REF]. Indeed, grant-funded and non-grant-funded articles might systematically differ in other aspects than the funding source. For example, the articles' or authors' characteristics, such as collaborative behaviors, team composition, and stock of knowledge, might relate both to the likelihood of observing grant-funded research and to the articles' impact [START_REF] Wuchty | The Increasing Dominance of Teams in Production of Knowledge[END_REF][START_REF] Ebadi | How to receive more funding for your research? get connected to the right people![END_REF][START_REF] Mukherjee | The Nearly Universal Link between the Age of Past Knowledge and Tomorrow's Breakthroughs in Science and Technology: The Hotspot[END_REF][START_REF] Bol | The Matthew effect in science funding[END_REF][START_REF] Bianchini | Gender diversity of research consortia contributes to funding decisions in a multi-stage grant peer-review process[END_REF]. Therefore, we adopt a Propensity Score Matching (PSM) procedure that relies on the "nearest neighbor" approach to mitigate the potential selection bias. This approach compares each of the 6,441 articles funded by an ANR grant with a similar article without grant funding. The similarity between articles is assessed by a probabilistic score based on the articles' and authors' observable characteristics. Specifically, we run a logistic regression where the left-hand-side variable is represented by the dummy variable Grant-funded which equals one if the article acknowledges an ANR grant as the unique funding source, and zero if it does not report any acknowledgment. As right-hand-side variables, we consider variables measuring the article's and authors' characteristics. We include three dummy variables characterizing the co-authorship behavior.

Specifically, the dummy variable Single-author article equals one if the article has only one author, zero otherwise. The dummy variable Multi-author article 2-4 equals one if the article has between two and four authors, and the dummy variable Multi-author article > 4 equals one if the article has more than four authors. To account for international collaborations, we include the dummy variable At least one international author that equals one if there is at least one international author among the article's authors, zero otherwise. We define international authors as those reporting only non-French affiliations in the focal article. To account for the team gender composition, we add the dummy variable At least one female author which equals one if there is at least one female among the article's authors, zero otherwise. Moreover, we identify the article's authors affiliated with top-ranked universities with the dummy variable At least one top-affiliate author which equals one if there is at least one author affiliated with a top-ranked university among the article's authors, zero otherwise. To identify the top-ranked universities, we rely on the QS ranking 9 . Specifically, we identify the top-ten-ranked universities in France and the top-fifty-ranked universities worldwide. We include the dummy variable Multiple affiliations to account for the geographical dispersion of the authors. The dummy variable Multiple affiliations equals one if the number of distinct affiliations reported in the focal article is greater than one, zero otherwise. We also include four dummy variables representing the quartiles of the articles' backward citation distribution. Specifically, we created the dummy variable Backward citations Q1 in three steps.

First, we select all the articles in our sample published in the same year as the focal article. Then, we calculate the quartiles of the distribution of the number of backward citations. Finally, we define the dummy variable Backward citations Q1 as equal to one if the focal article's backward citation number belongs to the first quartile, zero otherwise. With the same logic, we created the dummy variables Backward citations Q2, Backward citations Q3, and Backward citations Q4, for the second, third, and fourth quartiles, respectively. To account for the heterogeneity in the publication behavior across fields of study, we add a set of dummy variables that classify the articles in four fields of study, according to the journals where they have been published 10 . The dummy variable Mathematics equals one if the article is published in a Mathematical journal, zero otherwise. Similarly, we calculate the dummy variables Engineering, Physical sciences, and Life sciences and Medicine. Finally, to control for the cohort publication effect, we include a set of five dummy variables defined according to the year of publication of the focal article (Year of publication).

Table 1 reports the variables' names and briefly describes how variables are calculated. 9 https://www.topuniversities.com/university-rankings. We gather the ranking information in 2020, however university ranking has minor variation over the years when considering top-universities. 10 See Appendix H for a detailed explanation of the methodology used to classify articles in research fields. 

Year of publication

The publication year of the article.

Table 2 shows the average marginal effects calculated from the coefficients estimated with a logistic regression. We find that articles with 2 to 4 authors have a 4.4 percentage point higher probability of acknowledging an ANR grant than single-author articles. Articles with more than four authors have a 5.8 percentage point higher probability of acknowledging an ANR grant than single-author articles. Interestingly, we find that the presence of an international author among the article's authors is associated with a 7.3 percentage point lower probability of acknowledging an ANR grant than articles without international authors. Moreover, the presence of a female author is associated with a lower probability that an ANR grant is acknowledged by the article (-0.71 percentage points), while the presence of an author affiliated with a top-ranked university is associated with a 2 percentage point higher probability to acknowledge ANR. Moreover, articles reporting multiple affiliations are associated with a 1.1 percentage point higher probability of acknowledging ANR. Concerning the article's characteristics, articles belonging to the fourth quartile of the backward citations distribution are 6 percentage points more likely to acknowledge ANR grants than articles belonging to the first quartile. Finally, articles published in Mathematical and Physical journals are more likely to acknowledge an ANR grant than those published in Life sciences, Medicine, and Engineering.

Using the estimates reported in Table 2, we predict the probability of an article to acknowledge an ANR grant. According to these predictions, for each of the 6,441 articles funded by ANR, we match an article drawn from the sample of 76,615 articles without grant acknowledgments and with the most similar probability of acknowledging ANR. In other words, we select the "nearest neighbor" to the grant-funded article according to the propensity score value. Figure 1 reports the histograms of the density of propensity scores for the articles before (raw grant-funded versus raw non-grant-funded) and after matching (matched grant-funded versus matched non-grant-funded).

We observe that after the matching, the propensity score distribution of the grant-funded articles is almost identical to the propensity score distribution of the non-grant-funded articles. The similarity between the two distributions after the matching ensures the quality of the matching exercise. To further assess the quality of the matching exercise, Table 3 compares the characteristics of the grant-funded articles with those of the non-grant-funded articles for the raw sample before the Propensity Score Matching (columns 1 and 2) and the sample of similar articles obtained after the matching resulting by applying the Propensity Score Matching procedure (columns 3 and 4). Columns 3 and 4 show that the matched samples of grant-funded and nongrant-funded articles have statistically equivalent articles' and authors' characteristics. Indeed, the P-values of all the tests of the difference between the means reported in Column 3 and Column 4 cannot reject the null hypothesis that the two means are statistically equivalent. 

Heterogeneity across research fields

To dig into a possible cross-field heterogeneity of the grant funding effect on articles' impact, we run four separated Propensity Score Matching exercises, one for each of the research fields in which we classify the articles. Specifically, we analyze articles in Life sciences and Medicine, Mathematics, Engineering, and Physical sciences. We use the journal field classification provided by SCOPUS 11 to classify the articles according to their research field. To avoid ambiguities in the classification, we excluded articles published in multidisciplinary journals, such as Nature or Science, given the impossibility of assigning a research field to those journals. If an article is published in a journal that SCOPUS classifies in more than one field, we attribute the article to each of the fields in which the journal is classified. In doing so, we obtain a sample of 3,416 articles in Life sciences and Medicine (1,708 grant-funded and 1,708 non-grant-funded articles, respectively), 3,612 articles (1,806*2) in Mathematics, 2,978 articles (1,489*2) in Engineering, and 7,438 articles (3,719*2) in Physical sciences, for a total of 17,444 articles. This latter number is higher than the one reported in Table 4 (12,882=6,441*2) due to the double counting of articles published in journals classified in more than one field.

Table 5, Column 1, shows that in the short run, articles in Mathematics acknowledging ANR grants receive, on average, 13.08% fewer citations than articles not supported by grants. On the contrary, grant-funded articles in Engineering receive 8.15% more citations than non-grant-funded articles. Looking at the other research fields in the short run, we do not find any statistically significant difference in the number of citations received by grant-funded and non-grant-funded articles.

11 See Appendix H for a detailed explanation of the methodology used to classify articles in research fields.

Table 5, Column 2, shows that in the long run, articles acknowledging ANR grants benefit from a higher impact than articles without grant support in three research fields: Life sciences and Medicine, Engineering, and Physical sciences. Life sciences and Medicine and Engineering, show the largest citation gap between grant-funded and non-grant-funded articles, +15.06% and +13.87%, respectively. In Physical sciences, the citation gap in favor of grant-funded articles equals +7.67%. Interestingly, in Mathematics, grant-funded and non-grant-funded articles do not show any citation gap in the long run.

In Appendix A, we report the tables showing the logit estimates of the articles' probability of acknowledging an ANR grant and the covariate balance tables pre-and post-matching for each of the four research fields analyzed. 

Robustness checks

This section presents six robustness checks of the analyses conducted in Table 4 to estimate the impact of articles published with the support of ANR grants.

Measuring the impact as a yearly citation number

In Appendix B, we estimate the effect of grant funding on the articles' number of citations received in each of the six years after publication, instead of defining two periods of three years as in the main analysis reported in Table 4. Table B1 shows that grant-funded articles receive fewer citations than non-grant-funded articles in the first year after publication (-30.85%). On the contrary, grant-funded articles receive more citations than non-grant-funded articles starting from the third year after publication. This robustness check is in line with the results reported in Table 4, showing that grant-funded articles receive fewer citations in the short run and more citations in the long run than non-grant-funded articles.

Using SCOPUS citation data

In Appendix C, we calculate the articles' impact using the SCOPUS bibliometric dataset instead of Microsoft Academic Graph as the citation data source. SCOPUS does not provide punctual information on the citations received by an article each year, but only the aggregate number of citations at the moment of the data query (in our case, 2019). Therefore, we calculate the SCOPUS average yearly citations retrieving the cumulated number of each article's citations in 2019, and dividing it by the years elapsed between the article's publication date and 2019. In doing so, we can not distinguish between the short and long run. Using SCOPUS as an alternative source of citation data, we find that grant-funded articles receive, on average, 4.40% more yearly citations than articles without grant support (Table C1). This result is consistent with the positive effect of grant funding on the articles' citations received in the long run reported in Table 4.

Including French authors' characteristics

In Appendix D, we add three variables describing the French authors' academic status to the propensity score matching equation. We include the dummy variable At least a French star author that equals one if there is at least one French star scientist among the article's authors. We define a French start scientist as a researcher with a French affiliation who belongs to the highest quartile of the distribution of French researchers according to their cumulative stock of citation-weighted publications from 1990 to the focal article's publication year. Then, we add the dummy variable At least a French senior author which equals one if there is at least one French senior scientist among the article's authors. We define a French senior scientist as a researcher with a French affiliation whose first publication is more than 10 years before the publication year of the focal article. Finally, we include the dummy variable At least a French Ph.D. student author that equals one if there is at least one French Ph.D. student among the article's authors. To identify French Ph.D. students we rely on the French repository of Electronic Doctoral Theses (EDT) from which we retrieve the list of all French Ph.D. students and their graduation year.

This robustness check allows us to account for the French authors' characteristics when constructing the control sample of non-grant-funded articles using the Propensity Score Matching procedure. French authors' characteristics are likely to influence the ANR selection process for attributing grants the most. Indeed, ANR's goal is to fund researchers affiliated with French universities, and existing literature has shown that highly recognized scientists are more likely to have access to grants [START_REF] Allison | Cumulative advantage and inequality in science[END_REF][START_REF] Ebadi | How to receive more funding for your research? get connected to the right people![END_REF][START_REF] Wang | Funding model and creativity in science: Competitive versus block funding and status contingency effects[END_REF].

Table 6 reports the results of the Propensity Score Matching. The number of article pairs in Table 6 reduces to 5,537 from the 6,441 article pairs analyzed in Table 4. This reduction is due to applying a restriction on the maximum difference in propensity score between the grant-funded articles and the corresponding non-grant-funded articles. The 904 (6,537) article pairs which overcome this maximum value are not considered in the study sample (see Appendix D for a detailed explanation). This restriction is necessary to keep our sample balanced in the covariates after the matching, i.e., to have the characteristics of the grant-funded and non-grant-funded articles statistically equivalent. Results reported in Table 6 are largely consistent with our main results: grant-funded articles receive 7.33% more citations than articles not supported by grant funding in the long run. Given the similarity of the results with our main analysis and the loss of 904 observations, we refrain from reporting this analysis as our main analysis and consider it a robustness check.

Appendix D reports the table of the average marginal effects of the articles' probability of acknowledging an ANR grant (Table D1) and the covariate balance table pre-and post-matching (Table D2), including the three new covariates. 

Exact matching of publication year and journal

In our main matching exercise, we include the variable Year of publication and four dummy variables identifying the fields in which the articles are published. Although the Propensity Score Matching selects the most similar articles, we allow grant-funded articles to be paired with nongrant-funded articles published in different years and journals. Among the 6,441 pairs included in the analysis conducted in Table 4, only 120 pairs (1.8%) show different publication years, while 6,332 (98.3%) pairs are published in different journals. In this robustness check, we propose two exercises in which we run the Propensity Score Matching conditional on pairing only articles published in the same year (Table 7), and in the same year and journal (Table 8).

Table 7 reports the results of the Propensity Score Matching using the exact matching of the Year of publication. The results reported in Table 7 are largely consistent with our main analysis (Table 4), estimating an impact of grant-funded articles 7.05% higher than non-grant-funded articles in the long run. Table E1 in Appendix E reports the covariate balance table pre-and postmatching.

Table 8 reports the results of the Propensity Score Matching using the exact matching of the Year of publication and the Journal of publication. The number of article pairs in Table 8 reduces to 1,643 from the 6,441 analyzed in Table 4. This reduction is due to the impossibility of pairing 4,798 grant-funded articles with non-grant-funded articles published in the same year and journal.

The results reported in Table 8 show no statistically significant difference in the impact of grantfunded and non-grant-funded articles, both in the short and long run. Nonetheless, the difference between the average citations received by grant-funded and non-grant-funded articles, in the long run, is similar to that found in the main analysis of Table 4. We explain this lack of statistically significant results by the reduced sample size that affects the precision of the t-test. Table E2 in Appendix E shows the covariate balance table pre-and post-matching. 

Including articles supported by other competitive grants in addition to ANR grants

In our main analysis, we compare the impact of articles supported by ANR grants with those not supported by grants. To select articles supported by ANR grants, we look at those that acknowledge only ANR as the unique source of grant funding. In doing so, we exclude all the publications resulting from ANR grants bundled with other competitive grants. In this robustness check, we consider as ANR grant-funded articles all the articles acknowledging at least one ANR grant, allowing for the presence of other non-ANR grant funding sources. We expect that considering multiple funding sources in our study sample will boost the positive impact of grant funding on the articles' number of citations received. Indeed, if the increase of citations observed for ANR grant-funded articles is due to the grant's additional financial resources, having grants other than ANR should further increase the articles' impact. In the same vein, if the increase of citations observed for ANR grant-funded articles is due to the funding agencies' ability to select breakthrough research, having multiple agencies that fund the same research proposal signals the high quality of the research idea and its potential impact.

Conclusion

Over the last fifteen years in Europe, the block funding model has been increasingly replaced by the grant funding model. This trend relies on the policymakers' assumption that funding science through a competitive grant model is more effective than a block funding model. National funding agencies distributing competitive grants to researchers have recently sprung up in several European countries. In France, l'Agence Nationale de la recherche (ANR) was founded in 2005 to support French researchers through a competitive allocation of funds.

In this study, we compare the impact of scientific articles resulting from the support of competitive grants with the impact of articles published without grant support, both in the short and long run. We rely on publications' acknowledgment data to identify articles supported by grants. We include in our sample all the articles supported by grants distributed by the ANR agency between 2009 and 2013. Using a comprehensive set of articles' and authors' characteristics, we propose a Propensity Score Matching approach to assess the effect of grant funding.

We find that articles supported by ANR grants receive +6.93% more citations than articles not supported by grant funding in the long run, while the difference in the citations received is not statistically significant in the short run. This result can be interpreted in light of the work of [START_REF] Wang | Bias against novelty in science: A cautionary tale for users of bibliometric indicators[END_REF], showing that breakthrough novel articles outpace non-novel articles in the number of citations received starting from three years after publication. Like [START_REF] Wang | Bias against novelty in science: A cautionary tale for users of bibliometric indicators[END_REF], we find that ANR grant-funded articles are more impactful than non-grant-funded articles from three to five years after publication. Interpreting our and [START_REF] Wang | Bias against novelty in science: A cautionary tale for users of bibliometric indicators[END_REF] results jointly, we can speculate that the ANR funding agency successfully identifies and supports breakthrough research that leads to publishing articles highly cited in the long run.

We also find that the grant funding effect differs across research fields. Publications in Life sciences and Medicine, and Engineering, are those showing the highest increase of citations in the long run when resulting from the support of grants (+15.06% and +13.87%, respectively).

Engineering is the only field of research where articles are more impactful when supported by grants also in the short run (+8.15%). This result is in line with previous studies showing the beneficial effect of grant funding on research outcomes in Engineering and Nanotechnology [START_REF] Hottenrott | Industry funding of university research and scientific productivity[END_REF][START_REF] Beaudry | Impact of public and private research funding on scientific production: The case of nanotechnology[END_REF][START_REF] Wang | Is there a relationship between research sponsorship and publication impact? An analysis of funding acknowledgements innanotechnology papers[END_REF][START_REF] Tahmooresnejad | Collaboration or funding: lessons from a study of nanotechnology patenting in Canada and the United States[END_REF]. Interestingly, Mathematics is the only field in which articles resulting from grant funding are less impactful than non-grant-funded articles in the short run (-13.08%).

Moreover, in a robustness check, we show that articles supported by ANR grants bundled with other grants from different funding agencies have a higher impact than non-grant-funded articles.

This finding supports the idea of a beneficial effect of competitive grants in science and goes opposite to [START_REF] Mali | The effects of funding and co-authorship on research performance in a small scientific community[END_REF] findings showing that public grants produce impactful research only if researchers' funds come from a unique source.

Our study is not exempt from limitations. First, we are forced to use articles published from 2009 to 2013 due to Web of Science and Microsoft Academic Graph data coverage. According to the selected time window, we can trace citations to articles only up to six years after publication. This time limitation does not allow us to know the articles' citation patters after six years from the publication date. Second, when pairing grant-funded and non-grant-funded articles, we do not control for the manuscripts' content and other unobserved factors influencing the probability of acknowledging an ANR grant. the probability that an ANR grant is acknowledged by an article in Physical sciences. Table A8 shows that after the Propensity Score Matching, all the average articles' and authors' characteristics are statistically equivalent for grant-funded and non-grant-funded articles at standard significance levels. 

Life sciences and Medicine

Figure 1 .

 1 Figure 1. Histograms of the density of propensity scores before (Raw) and after matching (Matched).

Table 1 . List of variables used to predict the probability of observing an ANR grant-funded article.

 1 Dummy variable that equals one if the article has more than four authors. At least one international author Dummy variable that equals one if the article has at least one international author. At least one female author Dummy variable that equals one if the article has at least one female author. At least one top-affiliate author Dummy variable that equals one if at least one article's author is affiliated with a university ranked in the top ten in France or the top 50 worldwide according to the QS ranking. Multiple affiliations Dummy variable that equals one if the affiliations of the article's authors are more than one at the publication date. Backward citations Q1 Dummy variable that equals one if the number of article's backward citations belongs to the first quartile of the backward citation distribution of our sample of articles in the same publication year. Backward citations Q2 Dummy variable that equals one if the number of article's backward citations belongs to the second quartile of the backward citation distribution of our sample of articles in the same publication year. Backward citations Q3 Dummy variable that equals one if the number of article's backward citations belongs to the third quartile of the backward citation distribution of our sample of articles in the same publication year.

	Articles' and authors' characteristics	Variable description
	Explained variable	
	Grant-funded	Dummy variable that equals one if the article reports ANR grants as the unique funding
		source in the acknowledgments.
	Explanatory variables	
	Single-author article	Dummy variable that equals one if the article has only one author.
	Multi-author article 2-4	Dummy variable that equals one if the article has two to four authors.
	Multi-author article > 4	
	Backward citations Q4	Dummy variable that equals one if the number of article's backward citations belongs
		to the fourth quartile of the backward citation distribution of our sample of articles in
		the same publication year.
	Life sciences and Medicine	Dummy variable that equals one if the article is published in a journal classified in Life
		sciences or Medicine.
	Mathematics	Dummy variable that equals one if the article is published in a journal classified in
		Mathematics.
	Engineering	Dummy variable that equals one if the article is published in a journal classified in
		Engineering.
	Physical sciences	Dummy variable that equals one if the article is published in a journal classified in
		Physical sciences.

Table 2 . Average marginal effects of the article's probability of acknowledging an ANR grant.

 2 

	(1)
	Grant-funded

NOTE: Average marginal effects are calculated from estimated logit coefficients. Standard errors in parentheses. Significance levels at ***p<0.01, **p<0.05, *p<0.1.

Table 4 . Grant funding effect on publications' number of citations received.

 4 

	(1)	(2)
	Short run	Long run

Table 5 . Grant funding effect on publications' number of citations received by field of research.
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	(1)	(2)
	Short run	Long run
	Citations from t to t+2	Citations from t+3 to t+5

Table 6 . Grant funding effect on publications' number of citations received.
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	(1)	(2)
	Short run	Long run

Table 7 . Grant funding effect on publications' number of citations received.
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	(1)	(2)
	Short run	Long run

Table 8 . Grant funding effect on publications' number of citations received.
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	(1)	(2)
	Short run	Long run

Table A1 . Average marginal effects of the article's probability of acknowledging an ANR grant for articles in Life sciences and Medicine.

 A1 

	Mathematics	
		(1)
		Grant-funded
	Single-author article	Ref.
	Multi-author article 2-4	0.042***
		(0.0068)
	Multi-author article > 4	0.039***
		(0.0070)
	At least one international author	-0.037***
		(0.0029)
	At least one female author	0.0067**
		(0.0028)
	At least one top-affiliate author	0.012***
		(0.0021)
	Multiple affiliations	0.011***
		(0.0026)
	Backward citations Q1	Ref.
	Backward citations Q2	0.033***
		(0.0048)
	Backward citations Q3	0.059***
		(0.0045)
	Backward citations Q4	0.085***
		(0.0044)
	Life sciences and Medicine	Ref.
	Mathematics	0.051***
		(0.0045)
	Engineering	0.029***
		(0.0036)
	Physical sciences	0.034***
		(0.0025)
	Year of publication	0.0073***
		(0.00071)
	Pseudo R2	0.1255
	Number of articles	39,365

Table A3 . Average marginal effects of the article's probability of acknowledging an ANR grant for articles in Mathematics.

 A3 

		(1)
		Grant-funded
	Single-author article	Ref.
	Multi-author article 2-4	0.049***
		(0.0073)
	Multi-author article > 4	0.068***
		(0.012)
	At least one international author	-0.11***
		(0.0070)
	At least one female author	-0.014***
		(0.0053)
	At least one top-affiliate author	0.018***
		(0.0050)
	Multiple affiliations	0.021***
		(0.0061)
	Backward citations Q1	Ref.
	Backward citations Q2	0.028***
		(0.0067)
	Backward citations Q3	0.040***
		(0.0068)
	Backward citations Q4	0.038***
		(0.0076)
	Mathematics	Ref.
	Life sciences and Medicine	0.011
		(0.011)
	Engineering	-0.060***
		(0.0065)
	Physical sciences	-0.0018
		(0.0063)
	Year of publication	0.023***
		(0.0017)
	Pseudo R2	0.056
	Number of articles	16,259
	NOTE: Average marginal effects are calculated from estimated logit coefficients. Standard errors in parentheses.
	Significance levels at ***p<0.01, **p<0.05, *p<0.1.	

Table A4 . Means of the articles' and authors' observable characteristics for grant-and non- grant-funded articles in Mathematics, before (Columns 1 and 2) and after (Columns 3 and 4) the Propensity Score Matching.

 A4 

	Engineering						
		Sample before PSM			PSM sample	
		(1)	(2)		(3)	(4)	
		Grant-	Non-grant-		Grant-	Non-grant-	
		funded	funded	p-value	funded	funded	p-value
	N. of publications	1,806	14,453		1,806	1,806	
	Covariates						
	Single-author article	0.185***	0.232	0.000	0.185	0.190	0.702
	Multi-author article 2-4	0.729***	0.691	0.001	0.729	0.736	0.625
	Multi-author article > 4	0.085	0.078	0.267	0.085	0.073	0.175
	At least one international author	0.159***	0.305	0.000	0.159	0.162	0.821
	At least one female author	0.358	0.362	0.785	0.358	0.350	0.602
	At least one top-affiliate author	0.417***	0.356	0.000	0.417	0.421	0.840
	Multiple affiliations	0.625	0.609	0.182	0.625	0.628	0.863
	Backward citations Q1	0.223***	0.306	0.000	0.223	0.215	0.546
	Backward citations Q2	0.297	0.295	0.820	0.297	0.306	0.587
	Backward citations Q3	0.285***	0.238	0.000	0.285	0.291	0.659
	Backward citations Q4	0.195***	0.161	0.001	0.195	0.188	0.612
	Life sciences and Medicine	0.062***	0.044	0.002	0.062	0.052	0.197
	Mathematics	1.000	1.000	1.000	1.000	1.000	1.000
	Engineering	0.169***	0.249	0.000	0.169	0.159	0.419
	Physical sciences	0.189	0.179	0.288	0.189	0.188	0.898
	Year of publication	2011.41***	2010.93	0.000	2011.41	2011.40	0.831
	NOTE: Significance levels at ***p<0.01, **p<0.05, *p<0.1.				

Table A5 . Average marginal effects of the article's probability of acknowledging an ANR grant for articles in Engineering.

 A5 Average marginal effects are calculated from estimated logit coefficients. Standard errors in parentheses. Significance levels at ***p<0.01, **p<0.05, *p<0.1.

	Single-author article Multi-author article 2-4 Multi-author article > 4 At least one international author At least one female author At least one top-affiliate author Multiple affiliations Backward citations Q1 Backward citations Q2 Backward citations Q3 Backward citations Q4 Engineering Life sciences and Medicine Mathematics Physical sciences Year of publication Pseudo R2 Number of articles NOTE: Physical sciences	(1) Grant-funded Ref. 0.043*** (0.011) 0.092*** (0.012) -0.10*** (0.0068) -0.0056 (0.0047) 0.026*** (0.0048) 0.0085* (0.0051) Ref. 0.033*** (0.0066) 0.042*** (0.0066) 0.058*** (0.0067) Ref. 0.025*** (0.0068) 0.018*** (0.0060) 0.038*** (0.0054) 0.018*** (0.0015) 0.0817 16,750

Table A7 . Average marginal effects of the article's probability of acknowledging an ANR grant for articles in Physical sciences.

 A7 Average marginal effects are calculated from estimated logit coefficients. Standard errors in parentheses. Significance levels at ***p<0.01, **p<0.05, *p<0.1.

		(1)
		Grant-funded
	Single-author article	Ref.
	Multi-author article 2-4	0.086***
		(0.0083)
	Multi-author article > 4	0.14***
		(0.0090)
	At least one international author	-0.12***
		(0.0050)
	At least one female author	-0.0095**
		(0.0039)
	At least one top-affiliate author	0.035***
		(0.0036)
	Multiple affiliations	0.0065
		(0.0041)
	Backward citations Q1	Ref.
	Backward citations Q2	0.032***
		(0.0058)
	Backward citations Q3	0.047***
		(0.0056)
	Backward citations Q4	0.058***
		(0.0055)
	Physical sciences	Ref.
	Life sciences and Medicine	-0.024***
		(0.0052)
	Mathematics	0.012*
		(0.0061)
	Engineering	-0.016***
		(0.0038)
	Year of publication	0.019***
		(0.0012)
	Pseudo R2	0.0665
	Number of articles	32,800
	NOTE:	

Table D1 . Average marginal effects of the article's probability of acknowledging an ANR grant.

 D1 

		(1)
		Grant-funded
	Single-author article	Ref.
	Multi-author article (from 2 to 4 authors)	0.037***
		(0.0039)
	Multi-author article (more than 4 authors)	0.043***
		(0.0045)
	At least one international author	-0.068***
		(0.0027)
	At least one female author	-0.0078***
		(0.0021)
	At least one top-affiliate author	0.018***
		(0.0019)
	Multiple affiliations	0.011***
		(0.0022)
	Backward citations Q1	Ref.
	Backward citations Q2	0.025***
		(0.0030)
	Backward citations Q3	0.040***
		(0.0029)
	Backward citations Q4	0.057***
		(0.0028)
	Life sciences and Medicine	Ref.
	Mathematics	0.075***
		(0.0025)
	Engineering	-0.0045**
		(0.0022)
	Physical sciences	0.069***
		(0.0020)
	Year of publication	0.014***
		(0.00064)

At least a French star author 0.020*** (0.0021) At least a French senior author -0.0014 (0.0032) At least a French Ph.D. student author 0.013**

  Average marginal effects are calculated from estimated logit coefficients. Standard errors in parentheses. Significance levels at ***p<0.01, **p<0.05, *p<0.1.

		*
		(0.0020)
	Pseudo R2	0.0892
	Number of articles	83,056
	NOTE:	

Table F1 . Average marginal effects of the article's probability of acknowledging at least an ANR grant.

 F1 Average marginal effects are calculated from estimated logit coefficients. Standard errors in parentheses. Significance levels at ***p<0.01, **p<0.05, *p<0.1.

		(1)
		Grant-funded
	Single-author article	Ref.
	Multi-author article 2-4	0.14***
		(0.0067)
	Multi-author article > 4	0.21***
		(0.0071)
	At least one international author	0.010***
		(0.0029)
	At least one female author	0.011***
		(0.0031)
	At least one top-affiliate author	0.076***
		(0.0026)
	Multiple affiliations	0.026***
		(0.0036)
	Backward citations Q1	Ref.
	Backward citations Q2	0.091***
		(0.0046)
	Backward citations Q3	0.16***
		(0.0043)
	Backward citations Q4	0.25***
		(0.0040)
	Life sciences and Medicine	Ref.
	Mathematics	0.10***
		(0.0037)
	Engineering	-0.052***
		(0.0035)
	Physical sciences	0.099***
		(0.0027)
	Year of publication	0.033***
		(0.00088)
	Pseudo R2	0.1144
	Number of articles	100,565
	NOTE:	

See a

ANR Generic Call for Proposals, page 20. A part of the budget is foreseen for a "Strategy for disseminating and exploiting results; promoting scientific, technical and industrial knowledge". Website: https://anr.fr/fileadmin/aap/2022/aapg-2022-v1.1a-en.pdf.

Website: https://www.data.gouv.fr/fr/datasets/liste-de-prenoms/

Authors' names non-matched with the French dataset are matched with the U.S. Census Bureau gender-name dataset and the WIPO gender-name dataset (website: https://www.wipo.int/publications/en/details.jsp?id=4125).

Website: https://www.topuniversities.com

See the robustness check section for an empirical analysis in which we consider as ANR grant-funded articles also the articles supported by additional competitive grants other than ANR.

For articles classified in multiple research fields, we estimate the equation predicting the propensity score including dummy variables for each research field in which the article is classified.

research impact? Evidence from France supported by grants. We rely on publication acknowledgments to retrieve funding information and on citation data to assess the articles' impact. We find that articles supported by competitive grants receive more citations than articles not supported by grants in the long run, while the difference is not statistically significant in the short run. We find heterogeneity in the effect of grant funding on citations across fields. , Nice (France), the Joyez for their thoughtful comments. This work has been supported by the French government, through the UCA JEDI and EUR DS4H Investments in the Future projects managed by the National Research Agency (ANR) with the reference number ANR-15-IDEX-0001 and ANR-17-EURE-0004.

Our paper contributes to the literature by shedding light on the effect of grant funding on the impact of the resulting research for a large European country. Moreover, it is the first study considering all the articles supported by public funding across research fields and authors' universities. Finally, unlike the previous literature, we apply a probabilistic matching approach to obtain unbiased estimates of the funding effect.

To assess the effect of competitive grant funding, we identify the articles supported by grants distributed by the Agence Nationale de la Recherche (ANR), the French main funding agency. We rely on scientific articles' acknowledgments to distinguish grant-funded articles published between 2009 and 2013 from articles without grant-funding support. Then, we implement a probabilistic matching approach to compare 6,441 ANR grant-funded articles with 6,441 similar non-grantfunded articles (Rubin, 2001;Dehejia and Wahba, 2002). the nature of the funding support. This technique allows us to mitigate the selection bias that arises when comparing the outcome of grant-funded research with the outcome of non-grantfunded research. To assess the articles' impact, we count the yearly citations received by the articles in the short and long run. supported by competitive grants in Life sciences and Medicine, Engineering, and supported by competitive grants are more cited in the short run (+8.15%). Finally, articles in Mathematics follow a different pattern: when supported by grant funding, they receive fewer citations than articles without grant support in the short run (-13.08%), while there is no statistically significant effect of grant funding in the long run.

Results

We estimate the impact of grant-funded articles by calculating the difference between the number of citations received by grant-funded articles and non-grant-funded articles. As explained in section 3.3., we measure the articles' impact in the short and long run by counting the citations received by the article from t to t+2 and from t+3 to t+5, respectively. We rely on t-tests to estimate the impact differences. T-tests are valid for any distribution in large samples, including highly nonnormal distributions [START_REF] Lumley | The importance of the normality assumption in large public health data sets[END_REF][START_REF] Tonta | Does monetary support increase citation impact of scholarly papers?[END_REF].

Table 4, Column 1, shows that in the short run there is no statistically significant difference between the impact of articles acknowledging ANR grants and those not supported by any grant.

On the contrary, Table 4, Column 2, shows that articles acknowledging ANR grants receive, on average, 0.580 more citations than articles not supported by any grant in the long run (Grantfunded effect). The value of 0.580 corresponds to 6.93% more citations received by grant-funded articles than by non-grant-funded articles (Grant-funded relative effect).

We identify 21,381 articles funded by at least one ANR grant and match them with 21,381 similar non-grant-funded articles. On average, the 21,381 grant-funded articles are supported by 3.46 competitive grants. As in our main analysis, we apply the Propensity Score Matching procedure. For the equation predicting the probability of being grant-funded (Table F1 in Appendix F), we use the set of covariates reported in Table 1 and pair grant-funded and non-grantfunded articles by selecting the "nearest neighbor." Table F2 shows the covariate balance tables pre-and post-matching.

Table 9 reports the grant funding effect on the number of citations received in the short and long run. We find that articles supported by at least an ANR grant are significantly more impactful than non-grant-funded articles in the short and long run. Specifically, in the short run, the articles acknowledging grants receive 27.23% more citations than those without grant funding, while in the long run, they receive 25.56% more citations. These findings suggest that the presence of multiple competitive grants enhances the impact of grant-funded publications. 

Coarsened Exact Matching

The Propensity Score Matching procedure estimates the probability that an article is supported by an ANR grant given the set of articles' and authors' characteristics reported in Table 1. In this robustness check, we implement the Coarsened Exact Matching (CEM) non-parametric procedure [START_REF] Azoulay | Superstar Extinction[END_REF][START_REF] Iacus | Causal Inference Without Balance Checking: Coarsened Exact Matching[END_REF] to pair grant-funded publications with non-grant-funded publications. The difference between the Propensity Score Matching procedure applied in our main analysis and CEM is that CEM stratifies articles ex-ante using a non-parametric approach. CEM guarantees the covariate balance ex-ante at the cost of having grant-funded articles that remain unmatched due to the impossibility of finding a non-grant-funded article to pair within the same stratum.

We consider the covariates in Table 1 as the characteristics that allow us to match non-grantfunded articles with grant-funded articles. With the CEM procedure, we coarsen the support of the joint distribution of the covariates into a set of strata. Each article is then allocated into a unique stratum. We drop 212 strata that do not contain at least one grant-funded article and one non-grantfunded article. We end up with 6,229 strata (6,. Finally, we match each grant-funded article with a non-grant-funded article allocated in the same stratum. If a stratum contains multiple articles, we match a grant-funded article with the most similar non-grant-funded article using the Propensity Score Matching procedure. We end up with a matched sample of 6,229 articles acknowledging ANR grants paired with 6,229 articles not supported by grants.

Appendix G reports the covariate balance table pre-and post-matching (Table G1). All the articles' and authors' characteristics do not show any statistically significant difference between the sample of grant-funded and non-grant-funded articles. Table 10 reports the results of our analysis applying CEM. In the long run, articles acknowledging grants are 5.95% more impactful than those not supported by grant funding. The magnitude of the effect is slightly smaller than the one found in Table 4 (+6.93%). In the short run, grant-funded articles are 4.39% less impactful than non-grant-funded articles, while in our main analysis, we did not find a statistically significant difference between the impact of grant-funded articles and non-grant-funded articles in the short run. 

Appendix A

For each field, we run a separate Propensity Score Matching procedure to pair each grantfunded article with a non-grant-funded article having the highest propensity score similarity (i.e., the "nearest neighbors"). We assign an article to a research field according to its SCOPUS journal classification. Some journals, and consequently articles, might be classified in multiple research fields. In case of multiple classifications of an article, we assign it to each research field 12 .

Tables A1 and A2 refer to articles in Life sciences and Medicine. We identify 1,708 grantfunded articles in Life sciences and Medicine matched with 1,708 similar non-grant-funded articles drawn from a pool of 37,657 articles in the same field. Table A1 reports the marginal effects of the equation predicting the probability that an ANR grant is acknowledged by an article in Life sciences and Medicine. Table A2 shows that after the Propensity Score Matching, all the average articles' and authors' characteristics are statistically equivalent for grant-funded and non-grantfunded articles at standard significance levels.

Tables A3 andA4 refer to articles in Mathematics. We match 1,806 grant-funded articles in Mathematics with 1,806 similar non-grant-funded articles drawn from a pool of 14,453 articles in the same field. Table A3 shows the marginal effects of the equation predicting the probability that an ANR grant is acknowledged by an article in Mathematics. Table A4 shows that after the Propensity Score Matching, all the average articles' and authors' characteristics are statistically equivalent for grant-funded and non-grant-funded articles at standard significance levels.

Tables A5 andA6 refer to articles in Engineering. We identify 1,489 grant-funded articles in Engineering that we match with 1,489 similar non-grant-funded articles drawn from a pool of 15,261 articles in the same field. Table A5 shows the marginal effects of the equation predicting the probability that an ANR grant is acknowledged by an article in Engineering. Table A6 shows that after the Propensity Score Matching, all the average articles' and authors' characteristics are statistically equivalent for grant-funded and non-grant-funded articles at standard significance levels.

Finally, tables A7 and A8 refer to articles in Physical sciences. We match 3,719 grant-funded articles in Physical sciences with 3,719 similar non-grant-funded articles drawn from a pool of 29,081 articles in the same field. Table A7 shows the marginal effects of the equation predicting Life sciences andMedicine, before (Columns 1 and2) andafter (Columns 3 and4 

Table A2. Means of the articles' and authors' observable characteristics for grant-and nongrant-funded articles in

Appendix B

This appendix estimates the effect of grant funding on the articles' citations in each of the 6 years after publication. Table B1 reports the results. In the first year after publication, articles resulting from ANR grants receive 30.85% fewer citations than articles not supported by grant funding. In the second year after publication, there is no statistically significant difference between grant-funded and non-grant-funded articles' impact. From the third year after publication until the sixth year, grant-funded articles receive more citations than non-grant-funded articles. The largest impact is in the fifth year when grant-funded articles receive 8.57% more citations than articles not supported by grant funding.

Table B1. Grant funding effect on publications' number of citations received each year.

( 

Appendix C

This appendix relies on SCOPUS citation data to assess the effect of grant funding on articles' impact. Different from the main analysis reported in Table 4, we use SCOPUS average yearly citations instead of Microsoft Academic Graph annual citations to assess the articles' impact.

Specifically, we retrieved the cumulated number of each article's citations in 2019 from SCOPUS.

Then, we calculate the average yearly citations received by each article by dividing the cumulated number of citations by the years elapsed between the article's publication date and 2019. The main disadvantage of using SCOPUS cumulated number of citations is that we do not have punctual information on the number of citations received by the articles each year. This lack of information does not allow us to distinguish between short and long run periods. Table C1 reports the results.

Articles resulting from ANR grants receive, on average, 4.40% more yearly citations than articles not supported by grant funding. This result is in line with that reported in Table 4 for the long run impact of grant-funded articles.

Table C1. Funding effects on publications' average number of yearly citations received.

( 

Appendix D

In this appendix, we add three variables describing the French authors' academic status in the matching exercise. We include the dummy variables At least a French star author, At least a French senior author, and At least a French Ph.D. student author as defined in Section 6.3. Table D1 reports the marginal effects of the equation predicting the probability that an ANR grant is acknowledged by an article. The presence of a French star scientist among the article's authors is associated with an increased probability that an article acknowledges an ANR grant of 2 percentage points; the presence of a Ph.D. student is associated with an increased probability of 1.3 percentage points; while the presence of a French senior scientist is not related to the likelihood that an article acknowledges an ANR grant.

Table D2 shows that after the Propensity Score Matching, all the average articles' and authors' characteristics are statistically equivalent for grant-funded and non-grant-funded articles at standard significance levels. To ensure the equivalence between the articles' and authors' characteristics, we set the Caliper option in the Propensity Score Matching procedure at 0.000001 standard deviations. Doing so, we discard the matches where the propensity score difference between the grant-funded and non-grant-funded articles is larger than 0.000001 standard deviations. Applying the Caliper leads us to lose 904 article pairs that overcome the Caliper threshold. We end up with 5,537 grant-funded articles matched with 5,537 similar non-grantfunded articles. 

Appendix E

This appendix reports the Propensity Score Matching conditional on the exact matching of the articles' Year of publication (Table E1) and the articles' Year of publication and Journal of publication (Table E2).

Table E1 shows that, after matching conditioning on publication year, the average articles' and authors' characteristics are statistically equivalent between the group of grant-funded articles and that of non-grant-funded articles, at standard significance levels. As expected, the Year of publication is perfectly balanced between grant-funded and non-grant-funded articles due to the exact matching condition imposed.

Table E2 reports the analysis for the matching conditioning on the Year of publication and Journal of publication. In this case, our sample reduces to 1,643 grant-funded articles matched with 1,643 similar non-grant-funded articles. This reduction is due to two reasons. First, for several grant-funded articles, we do not find non-grant-funded articles published in the same year and in the same journal. Second, intending to keep the balance between covariates, we match a grantfunded article with a non-grant-funded article only when the propensity score difference between the two is less than 0.02 standard deviations (i.e., Caliper is set at 0.02). Table E2 shows that, after matching, the average articles' and authors' characteristics are statistically equivalent between the group of grant-funded and non-grant-funded articles, at standard significance levels.

Table E1. Means of the articles' and authors' observable characteristics for grant-and nongrant-funded publications, before (Columns 1 and 2) and after (Columns 4 and 5) the Propensity Score Matching conditional on an exact matching on the year of publication. 

Appendix F

In this robustness check, we extend the group of grant-funded articles by considering those acknowledging at least one ANR grant. In other words, we include in our study sample articles resulting from multiple competitive grants. In doing so, we discard the matches where the propensity score difference between the grantfunded and non-grant-funded articles is larger than 0.0001 standard deviations. The Caliper restriction leads us to lose 2,569 article pairs. We end up with 21,381 grant-funded articles matched with 21,381 similar non-grant-funded articles. Table F2 shows that, after the matching, the average articles' and authors' characteristics are statistically equivalent between the group of grant-funded and non-grant-funded articles, at standard significance levels. 

Appendix G

In this robustness check, we use the Coarsened Exact Matching (CEM) as a matching procedure instead of the Propensity Score Matching used in our main analysis. The CEM procedure coarsens the support of the joint distribution of the covariates into a circumscribed number of strata. Then, each article is assigned to a unique stratum. Grant-funded articles and nongrant-funded articles that are matched together are selected from the same stratum. We use as a set of covariates to be coarsened the variables listed in Table 1. CEM creates a number of strata by coarsening the joint distributions of these covariates. Strata that do not contain at least one grantfunded article and one non-grant-funded article are discarded. We end up with 6,229 strata (96.7% of the 6,441 grant-funded publications of the main analysis). Each grant-funded article is matched with a non-grant-funded article in the same stratum. If a stratum contains multiple articles, a grantfunded article is matched with the most similar non-grant-funded article within the same stratum by relying on the Propensity Score Matching and applying the nearest-neighbor approach.

Table G1 shows the covariate balance table pre-and post-matching. 

Appendix H

This appendix describes how we classify the articles in our sample according to their research fields. To assign an article to a field of research, we refer to the All Science Journal Classification (ASJC) scheme that SCOPUS uses to classify journals. As stated by SCOPUS, "the classification is based on the aims and scope of the title, and on the content [the journal] published" 13 . To obtain the four research fields used in our analysis, i.e., Life sciences and Medicine, Mathematics, Engineering, and Physical sciences, we group the 30 subject areas reported by SCOPUS according to their affinity, as shown in Table H1. We do not consider articles published in multidisciplinary journals due to the impossibility of identifying a specific research field for them.