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HAL is the national open repository for documents and data from French scientists. The paper analyses how grey literature is represented on HAL. It presents original empirical results from a follow-up study to former research, based on the scientometric assessment of deposits on the French national HAL repository by more than 1,200 research laboratories. These laboratories are affiliated to ten large French research universities and cover the whole range of scientific domains. We assessed the distribution of document types, the degree of openness, the use of open licenses and the attribution of a DOI. The results are discussed under three aspects: the development since 2019, reuse rights and identifiers.

Introduction

Open repositories and in particular institutional repositories have been described as "home for grey literature" [START_REF] Luzi | Grey Documents in Open Archives[END_REF]. They are complementary channels for the dissemination of academic research output insofar they contain other versions of published articles, chapters or books (preprints) and, moreover, documents that have (and probably will) not be published via the usual channels of academic publishing. Part of the open science movement, open repositories are a major factor for the global and free dissemination of research results. Following the EU Open Science Monitor1 , they represent about 25% of the published research, with large differences between countries and disciplines.

Since more than ten years, we assess the deposit of grey literature in open repositories, especially in France, to provide empirical elements for a better understanding of this part of scientific communication and to make recommendations for a better findability and accessibility of grey resources in repositories (see [START_REF] Schöpfel | Développement et Usage des Archives Ouvertes en France[END_REF][START_REF] Schöpfel | Degrees of Openness. Grey Literature in Institutional Repositories[END_REF][START_REF] Schöpfel | Valoriser les publications d'un laboratoire universitaire dans l'environnement de la science ouverte : Retour d'expérience de la collection GERiiCO sur HAL[END_REF]Schöpfel et al., , 2019Schöpfel et al., , 2020;;[START_REF] Stock | Grey literature in French digital repositories: a survey[END_REF]). Among our main findings:

• All open repositories contain grey literature2 .

• About one third of all deposits is grey literature.

• The part of grey literature is increasing over the years.

• The accessibility (degree of openness) of grey literature is higher than of commercial academic publications.

• The accessibility of grey literature varies between different repositories and between different document types, theses, reports and working papers being generally more open than conference papers.

In 2020, we presented original empirical results of 973,968 HAL deposits (30% of the total HAL content3 ) of more than 1,200 research laboratories from the ten most distinguished French research universities, including the University of Paris-Saclay ranked #13 by the 2021 Shanghai ARWU4 . These laboratories cover the whole range of scientific disciplines, including medicine, law, economics and management. Based on this research, our paper contributes to a deeper understanding of the place of grey literature in open repositories through three complementary studies:

1. The evolution of the deposit of grey literature: is the part of one third stable over the time? How does the composition of grey literature change with the years? 2. The licensing of grey literature: what are the conditions of reuse of grey literature? Is open access to grey literature more "gratis" or more "libre"? 3. The existence of DOI for conference papers: which is the part of commercial publishing of conference papers?

In 2020, the major French research organisation CNRS decided the mandatory use of HAL for the reporting and assessment of the performance of the CNRS research laboratories and individual researchers. For this reason, the analysis of the 2021 deposits provides an exhaustive and reliable photography of the academic output and of the part of the grey literature.

Methodology

This paper presents results from an ongoing research project on open access strategies of French research laboratories5 ; it is a follow-up of two recent studies and employs the same methodology (Schöpfel et al., 2019(Schöpfel et al., , 2020)). The sample consists of 1,213 research laboratories from the ten universities part of the French excellence initiative (IDEX). We used the laboratories' identifiers in the HAL repository for the API search of each laboratory's deposits (February 2021). The results were analysed based on the laboratory and deposit metadata (domain and discipline, university, deposit type, resource category). The API search retrieved 26 different HAL resource categories 6 ; we merged and described them in the same way as in 2020 in order to simplify the description of the results (see Annex 1). In addition to the former assessment, we also analysed the availability of a DOI and the use of an open license.

Results

The part of grey literature

The API query retrieved 1,035,612 deposits which have been authored or co-authored by scientists affiliated to one of the 1,213 research laboratories of our sample. From all these items, 33.4% fall under the category of grey literature (figure 1). Figure 1 shows that 1% of the deposits are neither white nor grey literature but datasets. HAL was designed as a document server but contains since 2010 the MédiHAL portal with deposits of visual and sound data (still images, videos and sounds), produced within the framework of scientific research. Also, there are some software deposits (codes) due to the partnership between HAL and the international Software Heritage project.

Degree of openness

The HAL repository contains deposits of full text and files as well as records, i.e., metadata without documents or data files. The part of deposits of full text in our sample is 32.3% which is similar to the overall percentage in HAL (32.9% in August 2021). This part of freely and openly available research output can be interpreted as degree of openness. If all deposits would consist of metadata and data (documents), this degree of openness would be 100%.

Figure 3 shows that the part of items with document and/or data files is significantly higher for grey literature (37.6%) than for white literature (28.2%). The differences between the document types are important. Figure 4 shows the part of full text for the different types of grey literature. The degree of openness of grey deposits is generally well above the average percentage, between 50% and near to 100%. The explanation of the exceptional part of openly available PhD theses (97%) is that the self-archiving of a PhD thesis on the HAL platform requires systematically the deposit of the text file. The open part of the conference contributions, papers and posters, are lower, with 29% open posters and 23% open papers. This lower degree of openness is similar to the percentage of full text deposits of articles, books, chapters etc. (figure 5).

Figure 5. White literature deposits with and without document files (N=657,737 deposits)

31% of the journal articles are openly available on the HAL platform; the degree of openness of chapters, edited and authored books and other white resources is even lower.

Two other observations may be interesting. First, the part of grey literature of all deposits with full text is 40% which is higher than the overall part of grey literature (34%). Second, figures 3 and 4 include the degree of openness of datasets which is exceptionally high (99%); nearly all datasets have been deposited with the data files. Again, the reason is rather simple: MédiHAL, the data portal of HAL, requires the deposit of the data files for each data deposit. Only some software records have been created without the code files.

Disciplinary differences

Each research laboratory has been indexed with a large scientific domain and with a more specific research discipline. In the following, we present the analysis of the HAL deposits regarding four large scientific domains, i.e., science and technology (SciTech), life and medical sciences (BioMed), social sciences and humanities (SSH), and law, economics and management (Law, Econ). Figure 6 shows that there are significant differences between the four domains. The deposits of the laboratories in life and medical sciences have the highest degree of openness (37%), followed by those in science and technology (35%). The same indicator is lower in social sciences and humanities (27%) and in law, economics and management (18%).

On the other hand, the laboratories in science and technology have the highest part of grey literature (40%), followed by those in social sciences and humanities (29%), law, economics and management (25%) and life and medical sciences (22%).

Figure 7 presents additional results with a more detailed distinction of ten scientific disciplines; the size of the bubbles represents the number of deposits (for the complete figures, see Annex 2). For most disciplines, the grey part of the HAL deposits represents more or less 30%, varying from 25% (life and medical sciences) to 33% (physics). Three disciplines have significantly more grey literature: civil engineering (43%), mathematics (44%) and computer sciences (54%). Conference papers represent most of this grey literature.

Regarding open access, the part of openly accessible documents is about 30% for most disciplines, varying from 26% (social sciences) to 36% (life and medical sciences). The degree of openness is higher for computer sciences (39%) and particularly for mathematics (53%).

The mapping of document types against scientific disciplines reveals significant differences regarding open access (degree of openness) and relative importance (part of all deposits) (see table in annex 3). Some observations:

• The only grey document type that is really important are conference papers, especially in life and medical sciences (16%), mathematics (9%) and computer sciences (7%). Compared to the overall number of deposits, other grey resources like reports, preprints or working papers are much less important (even if they may contain unique and significant content). • For conference papers, the degree of openness is higher in mathematics (39%), humanities (37%) and computer sciences (33%) than in physics (13%) or social sciences (12%). • Regarding reports, mathematics, computer sciences and civil engineering are the disciplines with the highest degree of openness (>80%). • Regarding working papers and preprints, humanities, mathematics and computer sciences are the disciplines with the highest degree of openness (>70%).

DOI

A digital object identifier (DOI) is a persistent identifier used to identify objects uniquely. The DOI system has been introduced in 1998 and standardized in 2012 (ISO 26324). Following the DOI website, approximately 257 million DOI names have been assigned to date7 . While the initial focus on entities was documents/media (e.g., articles and data sets), the DOI system is now moving into parties and licences and extending to other sectors.

The initial initiative was taken by the three major international publishing trade associations in order to develop infrastructure for digital publishing. Today, a large part of DOIs is still attributed to articles, book chapters etc. by stakeholders of the traditional publishing economy.

The analysis of the HAL deposits provides the opportunity to assess the part of DOIs assigned to nonconventional literature, such as dissertations, reports, working papers and communications.

Of 1,179,145 analysed items, 486,474 have a DOI (41%). 90.5% of these deposits with DOI are white literature, mainly journal articles (88%) and book chapters (2%). 9.5% of the deposits are grey literature, mainly communications (9%), posters (0.2%) and preprints (0.3%).

Figure 8. White literature with DOI (N=768,280 deposits)

While 70% of all deposited articles have a DOI (the percentage for book chapters is 10%, for edited books 9%) (figure 8), the part of communications with DOI is only 15% (posters 5%, preprints 4%) (figure 9). 

Licensing

By default, the deposits of documents on HAL are published under the French IP law. However, HAL offers the possibility to publish with a license, under copyright or in the public domain, with ten different options. We analysed the legal regime of 351,672 published documents on HAL (table 1). 

Discussion

Changes

Since 2020, the number of grey items in our sample of more than 1,200 research laboratories increased by 2.5% (= 8,491 new deposits). This is less than the overall growth of all deposits (6.3%) and less than the articles, book chapters etc. (white literature) of which the number has risen by 8.1%. As a result, the part of grey literature decreased from 34.7% in 2020 to 33.4% in 2021. This is a general evolution in all domains and disciplines, even if in some disciplines (especially in civil engineering, computer sciences and physics) the observed decrease is a little bit more important than in others.

There are probably two main reasons for this slight relative decrease. The first is the new open access policy launched by the French research organisation CNRS in 2020; researchers from the CNRS laboratories must deposit their publications on the HAL platform for their individual annual assessment, and as this assessment focusses on published articles, their number and part increased in a significant way. The second reason is the secondary exploitation right introduced by the 2016 Digital Law which foster the deposit of published articles on open repositories and in particular, on HAL, and which doesn't include other document types.

However, this development should not be described as an erosion but is probably more as a kind of ceiling or capping of the part of grey literature at a level of about 33%.

Simultaneously, it can be observed that the part of open access among the grey literature slightly increased from 36.6% in 2020 to 37.6% in 2021, which is consistent with the open access strategy of the French government, the universities and research organisations. The differences of openness between the types of grey literature remained stable and unchanged, except for working papers and preprints where the degree of openness increased by 3%. In a more general way, grey items remain more accessible than articles and books, with one exception, like in the past: the openness of communications, i.e., the accessibility of papers presented at scientific events, remains low. Again, there may be at least two reasons for this lack of openness: first, for one part of the communications, there may be simply no written and publishable papers; second, another part of the communications is not really grey literature, as defined by the Luxemburg, New York or Prague definitions, insofar they are published (and controlled) by traditional academic publishing houses. The attribution of DOIs for 15% of the deposited communications is an indication for this distinction.

Reuse rights

Globally, IP and copyright protection is dominant. Only a small part of documents has been published with open licenses, mostly with the liberal CC-BY license which is the license preferred and fostered by French public research institutions and with the more restrictive CC-BY-NC-ND license. Very few documents have been published in the open domain. Regarding the FAIR principles, this means that the reusability of most of the HAL documents is not very high, in contrast to the research data and other materials deposited on HAL which are more often published under an open license. The results of a small subsample of 70 laboratory collections show that the two Creative Commons ShareAlike licenses are more often used for grey literature than for the sharing of journal articles, book chapters and so on, and that very few PhD theses are published under an open license. However, because of the small size of this subsample we should be careful and avoid generalizing interpretations of these results.

Identifiers

The attribution of DOIs is not limited to documents published by commercial academic publishing houses but in fact, it is. Up to now, very few academic or research institutions assign DOI names to their research output. Perhaps the growing DataCite network will change the game but for the moment, the DataCite DOIs are above all assigned to research data and software, not to other items, even if (at least in France) academic libraries started a discussion about the attribution of DataCite DOIs to documents like dissertation and theses, reports and so on.

Two aspects should be highlighted: As we have already said before, as long as DOIs are not massively assigned to grey literature like dissertation, reports, working papers, conference papers and so on, these documents will remain largely out of scope of altmetrics tools and open science monitoring, as both are mainly (exclusively) based on DOIs (Schöpfel &[START_REF] Schöpfel | Altmetrics and Grey Literature: Perspectives and Challenges[END_REF]2019). "Researchers wishing to assess impact of their own grey literature should endeavour to create DOIs where appropriate so persistent identifiers already used to assess impact by other mediums (Altmetric, n.d.) can be extended into the grey literature realm" [START_REF] Bickley | A systematic method for identifying references to academic research in grey literature[END_REF].

The fact that 15% of the deposited communications on HAL have a DOI can be seen as an indication that these deposits are probably not natively grey but white literature, published in proceedings and journals by publishers like Springer Nature, Elsevier, IEEE and so on. Here, we should be careful with the application of the concept of grey literature to documents which in fact are not (are no lo,nger or have never been) grey items.

We already discussed the "greyness" of electronic theses and dissertations (ETDs) elsewhere (Schöpfel & Rasuli, 2018). In France, ETDs became mandatory in 2016. Since then, each PhD dissertation must be submitted to the French national ETD infrastructure STAR, will be available (if not confidential) via the national ETD portal theses.fr and the European portal DART-Europe and is preserved in a national and sustainable long-term dark archive hosted by the public agency CINES. And if not decided otherwise by the author, it will be accessible on the HAL platform (TEL portal) or on an institutional repository, embargoed or not. Thus, French theses have become significantly since 2016 less grey than before, and that is good news.

Conclusion

Our paper presents empirical results of a follow-up study on the deposits of more than 1,200 French research laboratories on the national open repository HAL. The figures show a significant increase of all deposits since 2020 (+6%), a growth which seems consistent with the global development of scientific performance and with the open science strategy of the French government and institutions.

As in 2020, the part of grey literature is about one third of all deposits, and this part is generally more accessible (with more deposits of document files) than articles and books. The general impression is that of continuity and stability, without significant changes since last year. However, it can be observed that HAL has become (a bit) more open and at the same time, (a little bit) less grey. We have provided some possible reasons for this development, such as the open science strategy of the French government, the secondary exploitation right for French public research and the mandatory open access policy of the CNRS.

In terms of FAIRness, the situation can be described as follows:

FAIR principle General observation Grey documents

Findability

Less than half of the deposits have a DOI 

Similar

The comparison between white and grey deposits shows that the two FAIR principles findability and reusability remain a challenge for the production and the publishing of grey literature on HAL, because of the low levels of DOI assignment and of licensing.

As the deposit of publications on HAL becomes more mandatory and thus, more representative for the overall output of French research laboratories, it is possible that we can see here a kind of ceiling of grey literature, on different levels depending on disciplines and institutions. It will be interesting to assess the impact of new forms of scientific communication, such as webinars or preprints, especially in the aftermath of the Coronavirus pandemics. For the moment, we can't see any significant effect on the HAL platform, probably because these new forms are not relevant for the research assessment, career decisions and so on.

The development of conference papers in particular and of all kind of resources related to scientific events in general will be particularly interesting for the understanding of the future of grey literature.

They are not only the most important part of the traditional "grey document types" but they are also somehow on the edge, partly grey, and partly controlled by commercial publishing. 

Figure 4 .

 4 Figure 4. Grey literature deposits with and without document files (N=346,232 deposits)

Figure 7 .

 7 Figure 7. Degree of openness and part of grey literature per discipline (N=1,035,612 deposits)

Figure 9 .

 9 Figure 9. Grey literature with DOI (N=410,865 deposits)

  The future will also show how the international (European) open science policy in favour of gold open access (article publishing in open access journals) will impact the development of open repositories like HAL. If more and more articles are freely available on journal platforms, maybe that those repositories will become (again) a home for grey literature, not controlled by commercial publishing. Perhaps this will also change our understanding of this part of scientific communication.

  85% of the documents are published under the French IP law, by default. 11% of the documents are published with a Creative Commons 8 or Etalab 9 open license, 1% are published in the public domain, with a CC Zero Public Domain Dedication (CC0), with a NC Public Domain Mark or with a simple public domain indication (figure 10). For a small subsample of 22,508 deposited files from 70 laboratories we analysed the distribution of open licenses and document types. The results can be resumed as follows: Regarding different grey items, especially PhD theses are very seldom published under an open license, less often than posters, reports and other, miscellaneous documents.

		Legal conditions By default (French IP law) White Documents 298 906	% 85,0%
	80% 90% 100%	186 528 Copyright CC-BY CC-BY 49% CC-BY-SA				9 972 19 309 2 178	2,8% CC-BY-SA 5,5% 0,6% 6%
	0% 10% 20% 70% 60% 50% 40% 30%	426 668 CC-BY-NC CC-BY-NC-SA 9 521 83 118 CC-BY-ND CC-BY-NC-ND CC0 Public Domain Zero NC Public Domain Mark Etalab Open License	1 654 16 386 4 003 2 186 1 078 10 394 82 29 99	1 130 18 717 1,1% 0,6% 0,3% 3,0% 0,0% 0,0% 0,0%	1 201 23 357 CC-BY-NC 10% CC-BY-NC-SA 6%
		Journal articles Book chapters Books (editor) Books (author) Other (white) Public domain 3 436 1,0% CC-BY-ND CC-BY-NC-ND
		DOI Table 1. Legal regime of publishing (N=351,672) no DOI 3% 26%
		Figure 11. Creative Commons licenses (N=39,148)
	90% 100%	CC-BY CC-BY-SA	Grey (and data) Grey documents White documents Licensing 1114 3676 11% 377 262
	80%	CC-BY-NC		205			501	
	70%	CC-BY-NC-SA		271			352	
	40% 60% 50%	18372 CC-BY-ND CC-BY-NC-ND	244 440 16 000 81 941	36 129	17 109 454 2316	6 137	44 750
	20% 30%	IP and copyright 88% Table 2. Publishing with open licenses (N=10,550)	Public domain 1%
	0% 10%	11	43 963	858		1 336	122		21	0
		Data	Conf	Posters Preprints Reports	Other	PhD
			papers					(grey)
				DOI		no DOI		
	Figure 10. Legal regime of publishing (N=351,672) • The most important licenses applied to grey literature are the liberal CC BY (Attribution)
	license (37%) and the restrictive CC BY-NC-ND (Attribution-NonCommercial-NoDerivs) license 39,148 documents are published with a Creative Commons license (11%, without CC0). Nearly half of (31%). The main difference with articles, books and so on is that the part of the Wikipedia these documents are published with a (liberal) CC-BY Attribution license, 26% are published with a CC BY-SA (Attribution-ShareAlike) and the more restrictive CC BY-NC-SA (Attribution-(more restrictive) CC-BY-NC-ND license which doesn't permit any commercial use and any derivatives NonCommercial-ShareAlike) licenses is more important for the publishing of grey literature or adaptations of the work (figure 11). (together 21%, against 8% for white items) (table 2).
	• Publishing in open domain, for instance with a CC0 (Creative Commons Public Domain
	Dedication), plays nearly no role for grey items, similar to articles, books and so on.

8 Creative Commons https://creativecommons.org/ 9 Etalab is the French public agency in charge of the open data strategy https://www.etalab.gouv.fr/ • Grey items are less often published under an open license than articles, book chapters and other "white" documents. In fact, open licenses are most often applied to the sharing of research data and other materials, like images, AV files or software. •

EU Open Science Monitor https://ec.europa.eu/info/research-and-innovation/strategy/strategy-2020-2024/our-digital-future/open-science/open-science-monitor/trends-open-access-publications_en

Grey literature has been defined in various manner(Farace & Schöpfel, 2010; Schöpfel, 2011). Usually, grey literature is described as "unpublished", "not peer reviewed" and "not in databases" and meaning most of the time reports and conference papers(Schöpfel & Prost, 2020).

HAL is the national open repository for French public research, with more than 2.6 deposits in August 2021 https://hal.archives-ouvertes.fr/

Academic Ranking of World Universities https://www.shanghairanking.com/

Project HAL/LO http://gis-reseau-urfist.fr/hal-lo-valorisation-sur-hal-de-la-production-des-laboratoires-danslenvironnement-de-la-science-ouverte/

 6 These categories may change in the future; in April 2021, a working group recommended a revision of the actual typology, with some new document types, such as data papers and data management plans; cf.

Grey (and data)DocumentsRecords

DOI https://www.doi.org/factsheets/DOIKeyFacts.html
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The HAL category "other" consists of book reviews, encyclopaedia entries, translations etc., most of them reviewed publications. The HAL category "undefined" consists mainly of working papers, preprints and other, non-reviewed and unpublished documents. Some of the HAL resource categories are specific to a particular, institutional workflow (i.e., ingestion of records from institutional partnerships), such as BA dissertations, lecture notes and report chapters; they represent very small figures (<100) and have been merged (reports) or included in the "other" category.