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ABSTRACT

Research infrastructures (RIs) offer researchers a multitude of research opportunities and
services and play a key role in the performance, innovative strength, and international
competitiveness of science. As an important part of the generation and use of new knowledge
and technologies, they are essential for research policies. Because of their strategic importance
and their need for significant funding, there is a growing demand for the assessment of

their scientific output and impact. Current research information systems (CRIS) have
contributed for many years now to the evaluation of universities and research organizations.
Based on studies on the application of CRIS to infrastructures and on a recent French report
on the scientometric assessment of Rl, this paper analyzes the potential of CRIS and their
data models and standards (in particular the international CERIF format and the German
RDC model) for the monitoring and evaluation of Rls. The interaction between functional
specificities of Rl and standards for their assessment is outlined, with reference to their own
potential to stimulate and share innovation in the networks located inside and outside Rls.
This societal challenge, more than an academic issue, is on the way to further harmonization
and consolidation of shared and common RI metrics.

1. INTRODUCTION

Research infrastructures (Rls) are facilities, resources, systems, and services needed by scien-
tific communities to carry out large-scale research in cutting-edge fields. The European MERIL
project defines Rl as a “facility or (virtual) platform that provides the scientific community
with resources and services to conduct research in their respective fields. These research
infrastructures can be single-sited, distributed or an e-infrastructure, and can be part of a
national or international network of facilities, or of interconnected scientific instrument
networks” (Beckers, Jagerhorn, & Hollrigl, 2012). Examples of Rl are astronomical observa-
tories, particle accelerators, synchrotrons, lasers, and intensive computing resources, as well
as data production and management tools. These infrastructures are used by researchers from
all disciplines, in astronomy, biology, physics, chemistry, human and social sciences, earth
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sciences, etc., who thus have access to high-performance equipment in a high-level scientific
environment .

The RI road map of the French Ministry of Higher Education, Research and Innovation
(MESRI) enumerates 99 infrastructures: large national and international research facilities
covering all disciplines, “incredible engines of knowledge, attractors of talent, catalysts for
collaboration, bearers of scientific image and prestige [...] not work tools like others,” because
of their longevity, their ambitions, and their costs (largely over € 1 billion per year) (

). The French road
map includes, among many others, the GENCI Company for high-performance computing, the
CERN Large Hadron Collider, the CTA Cherenkov Telescope Array, the SOLEIL Synchrotron,
the OpenEdition scientific publishing platform for the social sciences and humanities, and the
Huma-Num digital humanities platform.

In 2018, the French Ministry of Higher Education, Research and Innovation commissioned a
scientometric analysis for a shared assessment of the scientific impact measures of 24 very large
RIs and international organizations™. The challenge is multiple: a better assessment of the
scientific impact of each facility, at the level of disciplines and subdisciplines; a better identifi-
cation of research collaboration at the national, institutional, and individual levels; the detection
of emergent research topics; and a contribution to scientific foresight and advice, as part of the
policy-making mechanism.

The results of this analysis were published in November 2019 ( ). With
regard to research information processing, the study reveals a high degree of diversity and spec-
ificity. Most RIs make use of some kind of current research information system (CRIS) to provide
information about the use of their services, resources, and systems. CRISs are an instrument for
the management of research information and are linked to various internal and external systems
or databases (finance, SAP, HR systems, project management systems, open access repositories,
Web of Science, Scopus, PubMed, national libraries, BASE, CrossRef, EVALuna, Ebsco, equip-
ment management systems such as UlLab, and others); they “collect and store metadata on re-
search activities and outputs such as researchers and their affiliations; publications, data sets,
and patents; grants and projects; academic service and honors; media reports; and statements

of impact” ( ), to support research institutions in the provision of
funding information and reporting, in aggregating references for research outputs, and in
producing indicators and assessment ( ). With standardized formats and func-

tionalities, they are firstand foremost designed for academic institutions, research organizations,
and authorities, not for infrastructures. So how can standard CRISs provide solutions to the
particular needs and expectations of (especially large) RlIs? What is the potential impact of the
French approach to Rl impact metrics on the further development and implementation of
research information systems in this field?

This article contributes to the assessment of the real and potential role of CRISs for the
evaluation of Rl on three levels.

¢ First, we review published literature on the topic of research information systems for R,
especially from the euroCRIS seminars, meetings and conferences.

! See the interview with Gabriel Chardin, former president of the CNRS RI committee

2 TGIR (Trés Grandes Infrastructures de Recherche) and Ol (Organisations Internationales).
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¢ Second, we provide a summary of the French study on Rl assessment, in particular of the
specific demands and expectations and of the recommendations for further action in the
field of Rl metrics.

¢ Third, we discuss how the Common European Research Information Format (CERIF) and
the German Research Core Dataset (KDSF/RCD) meet the requirements of present stan-
dard information and metrics for RI.

The conclusion will summarize the main findings and make recommendations for further
research and development on the evaluation of RI.

2. EVALUATING RESEARCH INFRASTRUCTURES: A REVIEW

This section reviews published literature on the real and potential interest of research informa-
tion systems for Rl, based especially on the papers presented during the euroCRIS seminars,
meetings, and conferences. Building Rl is one of the priorities of European research policy, to
foster international cooperation and integration, to provide tools for the development of open
science, and to improve the performance of academic research. For many years now, the

European Commission has provided funds for a large variety of e-infrastructures ( )
and similar strategies can be observed at national and regional levels, such as the German
Excellence Initiative ( ) or the Finnish Research Information Hub (

). However, funding implies awareness and a good knowledge of existing infra-
structures, and it also implies follow-up, reporting, and monitoring; therefore, the need for the
evaluation of the output of European or national research policies, in terms of performance in-
dicators of RI, has been clearly identified by authorities and funding agencies.

The need for Rl assessment has been highlighted by the OECD (

) and by the ESFRI Roadmap”, as well as by the
Cour des Comptes (French Court of Audit) in its parliamentary report of May 2019 on the
governance and funding of large French Rls. The OECD recommends backing up the socio-
economic impact assessment of Rls with a catalog of “core impact indicators” of their scientific
performance, such as those metrics developed by the European Spallation Source infrastruc-
ture”; these metrics include the number of citations, the number of publications in high-impact
journals, the number of projects granted, the number of scientific users, the number of patents
with commercial use, the number of full-time equivalent (FTE) staff in the RI, and so on.

published a case study to show how a social cost-benefit
analysis (CBA) probabilistic model can be applied to evaluate a large-scale RI project, the
CERN Large Hadron Collider. Based on empirical methods, they estimated that there is around
a 90% probability that benefits exceed costs, with an expected net present value of about
€2.9 billion. Their approach combines several categories of data sources, including

(a) accounting data and expert analysis of capital and operating expenditures, including
in-kind contributions; (b) scientometric data to estimate trajectories of publications and their
impact in a specific domain; (c) firms’ survey data on technological spillovers expressed in
terms of increased sales and cost savings, or increased profits; expert analysis of the techno-
logical content of procurement; company accounting data for industries involved in procure-
ment; and expert analysis of the cost savings or other quantifiable effects of open source
software or other technological spillovers; (d) survey data and other statistical evidence of

* European Strategy Forum on Research Infrastructures
4
ESS
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the expected or ex-post effects on salaries of former students and early career scientists; (e)
statistics about on-site visitors, web access, use of social media, exposure to traditional
media, and data on travel costs, opportunity costs of time, and other information related to
cultural effects; (f) contingent valuation data through survey of samples of potential taxpayers
about their WTP for potential discoveries related to a specific project” ( ).

Their multilevel methodology reveals the complexity of the issue, especially for very large
RIs. Compliant with the OECD recommendations, they connect socioeconomic assessment
with scientometric indicators of the RI scientific performance, in terms of publications and
citations (impact). Interestingly, estimate that the resulting total present
value of the publications (€277 million) “per se pays back only a tiny fraction of around
2% of the total cost.” Interestingly, too, their methodology, which needs a high degree of data
integration and standardization, does not make use of a CRIS or similar system, neither as a
data source nor as a tool for the processing and analysis of collected data.

Perhaps the best-known example of international cooperation in this field is the MERIL initiative
(Mapping of the European Research Infrastructure Landscape), started in 2010, funded by the
European Commission and coordinated by the European Science Foundation (ESF). Its objective
was to provide key information for stakeholders, to achieve an inventory of Rl of European
relevance and to make the information publicly available through an interactive online portal
( ; ). The MERIL initiative is interesting for at least four reasons.

1. It defines three basic quality criteria for the inclusion of existing Rl in the European portal:
They must offer scientific and/or technological performance and support that should be
recognized as being of European relevance, they must offer access to scientific users from
Europe and beyond through a transparent selection and admission process, and they must
have a management structure. If an Rl does not fulfil these criteria, it will not be included
in the MERIL Portal. The debate over the meaning of “European relevance” has contrib-
uted to the definition of common features of European RI.

2. MERIL has defined a couple of elements as relevant for the description of RI, including
information useful for evaluation issues, such as the number of users, research services,
and equipment.

3. These basic elements have been developed in compliance with the European format for
research information, CERIF. MERIL, for this reason, has been described as a “connected
e-infrastructure”, interoperable in particular with existing research information manage-
ment systems ( ).

4. The interoperability allows the creation of tools and services on top of the MERIL direc-
tory, such as single national contact points to foster RI cooperation (

) or, in the framework of the Research Infrastructures Consortium (RICH project),
single entry and access points to information about RI ( ).

As part of the MERIL-2 follow-up project ( )", the European Science
Foundation (ESF) introduced in September 2018 a new data visualization tool that allows users
to discover and explore data on the European research landscape, such as the RI size and
location, user profiles, and research capabilities of over 1,000 research facilities across the
continent. Based on MERIL-2, the new catalog of RI services, CatRIS”, provides a kind of

5 MERIL-2
© CatRIS
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standard framework with minimal data for the description of the service providers and the ser-
vices themselves, such as access to and use of facilities and instruments, user support and
training, and other activities and resources that the Rls deliver to users and customers.

Assessing Rl is also a challenge for specific research communities with significant scientific
instruments, facilities, and equipment. We give three examples. First, research organizations in
the field of solid earth sciences implemented some years ago a new project called European
Plate Observing System (EPOS), designed “with the vision of creating a pan-European
eResearch Infrastructure for solid Earth science to support a safe and sustainable society [...]
the EPOS mission is to integrate the diverse and advanced European Research Infrastructures
for solid Earth science relying on new e-science opportunities to monitor and unravel the
dynamic and complex Earth System” ( ). The main challenge of this
project was the development of a common metadata model to describe and assess in an appro-
priate way the large variety of persons, services, data, equipment, software, organizations, web
services (API), and RI. In particular, the EPOS project identified 12 mandatory and optional
elements (attributes) of the IR entity, which are compliant (interoperable) with the CERIF format
for research information management ( ).

The second example is from the field of environmental research, where
demonstrated how to implement the CERIF data model to assess and describe Rl espe-
cially in global and multidisciplinary contexts.

The third example is the model of the data continuum in photon and neutron facilities devel-
oped by the UK PaN-data ODI project ( ), which provides a detailed mapping
and description of the research and data life cycle of these facilities. The proposed elements,
especially the actors and the stages of the experimental lifecycle, can be considered as basic
elements for the evaluation of the performance of RI.

A quite different use case of the evaluation of Rl is the European VRE4EIC project (
; ). Coordinated by the
European Research Consortium for Informatics and Mathematics (ERCIM), this project builds
on existing e-RlIs providing services, software, data, and resources to develop an enhanced
virtual research environment (VRE). The ingestion of information on research, data, and computing
infrastructures requires interoperable (standard) metadata on RI. Again, the CERIF is selected as
the target format, because of its flexibility, quality maintenance, and political support.

Unique Identifier

Person
Manufacturer N
; Service
Quantity
| Data
type , -
== | Unique Identifier
description |
) name
keyword Equipment
type
name . |
EPOS Baseline |' country
Owner /| B | -
: | Organization
Associated Rl )| Research Infrastructure -
i website
purchase price - )
; science domain
running costs |
| contact person
Software |
. RI manager
Organization e
N description
Web services (APls)
Figure 1. The EPOS metadata baseline ( ).
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A last and more recent example is the implementation of the European Open Science Cloud
(EOSC). One part of their activity is the inventory, description, and assessment of existing data,
computational, networking, and thematic infrastructures ( ). Yet, so far,
(August 2020), EOSC does not provide information on descriptive elements or formats for this
assessment, except for general information on national open science and FAIR data policies.

However, in spite of the need for evaluation, most projects dealing with Rl and evaluation
assess the Rl content (i.e., data and documents), and do not consider the RI performance as an
object of evaluation on itself. For instance, the initiative for collaborative research information
management by the UK Science and Technology Facilities Council (STFC) which “operates large
scientific facilities to support experimental research in [...] chemistry, materials science, and
biochemistry (including) the ISIS neutron source, the Central Laser Facility and the Diamond
synchrotron light source (with) large volumes of data and [....] used each year by many thousands
of experimental scientists from around the world” ( ) focused on
the description and linking of data, and not on the assessment of the infrastructures and facilities
themselves.

The UK Research Excellence Framework (REF) 2021 assesses Rls as institution-level resources
and facilities available to support research, as part of the environment subprofile of universities
and other research organizations, and among other supplemental criteria and similar to income,
people, strategy, and contribution to economy and society (

). The REF panel criteria consider the investment in Rl as a contribution to
(or dimension of) sustainability, to ensure the future development of the units and their disci-
plines. Therefore, evidence is requested for the existence and strategy of Rl and about its usage,
quality, operation, and benefits (REF5b, Section 3), but without specifying the expected
evidence (data sources, indicators etc.).

A recent survey provides some empirical elements on the place of Rl evaluation in German
public research ( ). Universities and other research organiza-
tions are regularly evaluated and must report on their research activities. To improve the quality of
this reporting, many of them have implemented some kind of CRIS, as a central database for the
collection, presentation, and evaluation of data related to research. Yet, following a survey with
51 German institutions, only a small percentage (about 10%) make use of their CRIS to evaluate
the performance of their own Rl in terms of output and input, with appropriate metadata’.

This last survey raises two other issues: Insofar as Rls serve different purposes from different
communities and institutions, should their performance be assessed differently, according to and
for each community and institution, as is done by those German institutions with their institu-
tional CRIS? In this case, assessing the global performance of an Rl would require the aggregation
of all performance metrics produced by relevant institutions and clearly identified as related to
this specific Rl—a tedious method whose success would require a high degree of standardiza-
tion between the institutions involved. In fact, our approach is different, based on the reality of
central funding and not on the reality of one community or many; instead of aggregating data
and metrics from different institutions, the idea is to produce performance metrics upstream, by
the Rl itself.

The second issue is about the particularity of Rls. Why do they require a specific assessment,
different from universities and other research institutions? CRISs are mainly designed for universi-
ties and research institutions; why do they need a specific adjustment for the assessment of RI?

7 Unpublished data from Azeroual O. (in preparation). Untersuchungen zur Datenqualitit und Nutzerakzeptanz
von Forschungsinformationssystemen. PhD dissertation.
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There are at least four reasons (i.e., four significant differences between Rl and other academic and
research institutions): Rls provide temporary hosting of scientists and projects (“hotel”); Rl consist of
a large equipment with an analysis output; Rls provide methodological support for the research and
are not “neutral”; and Rls functioning is based on internal and external networking. We will come
back to these characteristics in more detail in the following section, as part of the French study.

In summary, there is a general consensus that Rls are part of research evaluation and that they
must be described and assessed. Also, because of the large variety of Rls, a standard and inter-
operable data model seems appropriate, in particular the only international standard format
recommended by the European Commission for research information management system
(CERIF). Section 4 will provide more information about the CERIF model and its potential for
the evaluation of RI.

3. THE FRENCH STUDY ON RESEARCH INFRASTRUCTURE METRICS

For the reasons mentioned above, the existing procedures and metrics should take into account
the particular characteristics and functioning of Rl to provide appropriate assessment of RI. Data
models and systems made for universities and research organizations are useful but need adjust-
ment for the specific needs of RI. Regarding CRIS in France and compared to other European
countries, there is a relatively low degree of standardization among research structures, with
few CERIF-compliant systems.

In France, large Rls, known as Very Large Research Infrastructures (TGIRs), are mainly defined
by their scientific potential of a national or international nature. The distinction in France
between Rls and TGIRs is currently being called into question: It stems, for the most part, from
agreements of administrative or financial scope, and it has been recently observed by the
Court of Audit that this distinction compromises the readability of national policy (

).

The TGIRs are originally French public goods, with a funding which is largely mutualized,
around which the Court of Audit observes: “a historical trend towards the pooling of the support
of the costs of these infrastructures in the world and, in particular in Europe.” Between 2012 and
2017, according to the Court’s estimate, “the cumulative amount of TGIR resources reached
€4.2 billion, half of which came from French budget appropriations.” This method of funding
ensures strong international vitality for TGIR networks, but also requires a framework in which
the CRIS have their strategic place: Faced with competition in Europe for scientific choices, the
Court of Audit observes the need for “mastery of decision-making processes and the conception
by France of genuine influence engineering” ( ).

As mentioned above, the French Ministry of Higher Education, Research and Innovation
commissioned a study on the impact measures of large Rls, the results of which were published
in 2019 ( ). The report provides a review of current scientometric practices
and describes the expectations and needs of infrastructure managers; moreover, it makes 15
proposals for the development of shared impact measures, and it discusses some general indi-
cators (“publimetrics”) to contribute to a conceptual and methodological framework for further
harmonization and standardization of existing metrics, to improve Rl evaluation practice, and to
develop a common evaluation culture, while respecting the specificities of each research facility
and the requirements and standards of the European and international Rl landscape, in particular
the need for interoperability.

8 Direction générale de la recherche et de I'innovation (DGRI).
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As noted in the previous section, in France, universities and national research organizations
manage a relationship, most often, permanent to the task of scientific discovery, while the TGIRs
are generally characterized by the following:

¢ Temporary accommodation: The 24 TGIR, including the four major international organi-
zations (Ols) in which France participates, host research teams from all institutional
sources on scientific projects (universities and organizations with researchers from all
countries, sometimes teams from private industrial research, etc.) according to quotas
and rules defined at the level of each TGIR with the agreement of the major national
scientific authorities (e.g., CEA or CNRS). With the exception of EMBL, which in itself
constitutes a special category, TGIRs do not provide any permanent reception beyond
a project, which generally spans a short period (less than or equal to 6 months).

e “Self-service” experimentation on a project: The experiment is carried out in “self-service”
when the TGIR accepts the scientific project and validates the conditions for its realization,
while defining the allocation of reception resources (technicians’ time, adaptation of instal-
lations to experience, instrument time, computing time), means of transport (EURO ARGO,
oceanographic vessels), beam time (SOLEIL, ESRF, LLB, ...), computing resources (GENCI
high-performance computing), etc. All output data are systematically made publicly avail-
able after a limited embargo period, and most often result from standard analysis pipelines.

¢ Technical assistance to experimenters: The survey data, which cannot be developed here,
show a very systematic adaptation of the TGIR to the needs for advice, expertise, and
scientific support by the teams of permanent researchers of the TGIR to all kinds of scientific
projects, from the Humanities (TGIR HUMA-NUM and Progedo) to astrophysics, oceanog-
raphy, climatology, etc.

¢ Networking of means and results: Technical assistance is frequently associated with
networking. In terms of resources, this is carried out by internationalization of similar
resources (e.g., LIGO and EGO VIRGO) or additional resources (neutron lines and X-ray lines
coupling the experiments in a mixed program between SOLEIL and the LLB); there are also
many opportunities for mutualization of instruments, software, and other resources in astron-
omy and climate sciences. In addition, pooling is also frequent and currently developing in
the sharing of results (standardization of the presentation of acknowledgments, data, affilia-
tions, databases, scientific publications; standardization of the presentation of platforms,
European key performance indicators, ERC nomenclature for indexing disciplines, etc.).

In addition, the current trend towards a more user-friendly evaluation system at various scales
ranging from local experimentation to major interdisciplinary choices, is the bearer of an original
model for optimizing global scientific potential, through a committed approach to sharing of
“markers of science.”

3.1. Expectations, Needs and Interests

The 2019 survey reveals the broad interest of large Rls in the development of functions and tools
to analyze and share scientific results through new metrics, new software approaches to current
metrics, and emerging tools to build numerical functions to support research. Several large re-
search organizations in France have implemented systems to make their research data publicly
available”. RI managers want to assess the output of their infrastructure in terms of data and

? See, for instance, the MINND project at the French Geological Survey BRGM (Monitoring of changes in prac-
tices and knowledge around the digital model)
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publication, and its impact in terms of citations, but also in terms of new knowledge, concepts,
ideas, etc. The French-ltalian Antarctic Station Concordia, for instance, is very interested in all
analytical services that can focus on the implementation of metrics to ensure the traceability of
scientific production, its thematic semantic analysis, and the genealogy of concepts. The goal is
to extend beyond metrics to the analysis of the value of scientific work for all publics.

With the same concern for strategic projection, the European Centre for Medium-Range
Weather Forecasts (ECMWF) highlights

There is a need, in particular to trace the genealogy of scientific ideas, and to analyze the
ruptures and reorientations of programs, such as those coming from the French community
(optimal control, variational assimilation...)

At CERN there is

an interest in a future platform of metrics tools, notably for sorting publications and developing
analyses, in relation with the publication committees of major collaborations, and for adopting
coherent positions towards funding agencies. The interest is clear on the institutional side
(IN2P3 '), but less obvious on the side of the researchers themselves.

The European X-ray Free Electron Laser (XFEL) provides an in-depth analysis of the need:

How to organize an Rl access route? This question contains that of the associated services,
which can be shared or dedicated according to a “map” that is not yet sketched out ... This
publimetric map can be declined according to its various vocations discussed above, and
include discovery support services that identify relevant links between work in progress
and published in accessible forms in an open science framework.

The French Rl in the field of digital humanities, HUMA-NUM, points out

an important aspect of new needs: the implementation of DOI on data is now underway and
[...] the Rl has launched an OCT (Open Citations Tools) program with all the DOI reservoirs,
to build an Observatory, with an “appropriate metric” and this is a hot topic for INSHS "', but
also for the French-speaking world, with the development of scientific French.

In a quite different domain, the European Consortium for Ocean Drilling Research/International
Ocean Discovery Program (ECORD/IODP) reports the same type of need:

Genealogical analysis of scientific ideas would ”bring a lot”. One could also better know and
trace the French participation: two French researchers per expedition, this means thata dozen
French scientists embark each year on IODP expeditions and then “interact with about a hun-
dred of their colleagues” to process the data from the campaigns. One onboard scientist per
year has a knock-on effect on 70 to 100 researchers concerned in one way or another by his
approach. The genealogy of the communities in question would undoubtedly be interesting
and profitable for the work of the RI.

0 The French National Institute of Nuclear and Particle Physics.
" The French National Institute of Social Sciences and Humanities.
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Two other examples: ICOS France (Integrated Carbon Observation System) underline

Itis certainly necessary to follow the current developments in research on new metrics tools,
and, at the same time, make an in-depth analysis of the uses of the RI. In particular, it will be
necessary to assess how metrics actually contribute to the scientific options chosen by public
policy. In this way, it will be possible to evaluate the precise contribution of science to public
policy actions, as in the case of “evidence-based policies.”

The coordinators of the French contribution to the European Southern Observatory (ESO) and
( ) point out that they have “no current practice of text mining or
semantic analysis” and admit that there is, “on the other hand, obvious scientific interest, and
itis necessary to follow the advances in the corresponding fields of STl research.” The question of
resources is raised by the French oceanographic fleet (FOF): “We are ready to develop sharing
with other large Rls, particularly in the field of climate. But on condition that we have the asso-
ciated resources.”

Based on these and similar findings of the Rl survey, the report makes three main, structuring
recommendations:

A. to organize the traceability of the Rl results
B. to build a catalog of shared strategic indicators (publimetrics)
C. to create a network of these new metrics

These general recommendations are broken down into 15 detailed issues. We present the
key points here, as summarized in the report ( ).

3.2. Recommendation A: Organize the Traceability of Results

Afirst result of the study is the identification of those areas in which it is important to organize or
enhance the monitoring and overall traceability of data and publications resulting from the use
of the infrastructure. Therefore, recommendations 1 to 5 of the report have in common the
requirement of traceability:

Generalize the use of DOI and global traceability

Harmonize the main performance indicators (domains, partnerships, equipment)
Harmonize the terminology (classification) of research areas

Develop new metrics for emerging research fields and monitor the genealogy of ideas
Develop open science metrics for publications and data

MRS

This first group of recommendations is particularly sensitive for TGIRs, which, unlike univer-
sity or research institutions, lack visibility in the large bibliometric databases referencing scien-
tific production.

The actors concerned by the recommendations are the persons in charge of the TGIR who
must define, in an operational way, the contours of their scientific production: Indeed, this is most
often not restricted to that of their teams but must also include that of their users, or even consider
more broadly the production of knowledge that has directly benefited from the existence of the
infrastructure.

The publishers of large databases are also concerned by these recommendations, who may
seek to include specific metadata for instruments and infrastructures, and to develop the nomen-
clatures of research fields.
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3.3. Recommendation B: Catalog Shared Strategic Indicators

The second group of recommendations is based on the current practices and expectations
regarding metrics of the Rl activities (performance) and their scientific impact.

The main recommendation is the drafting of a Guide with recommendations and best prac-
tices for the use of “publimetrics” (i.e., metrics of the scientific impact of the Rl output [publica-
tions, data]). The framework of this Guide is drawn by the following list of recommendations:

1. List the rules for identifying publications and reaffirm the requirement of an explicit
mention of the RI (affiliation)

2. Collect the shared scientific impact indicators based on the prior establishment of a Guide
for publimetrics

3. Design an architecture of metrics practices by major purposes and build a typology of
current metrics practices
Participate in a global modeling of the uses of publimetrics at a European scale

5. Specify the organization and standards of publimetrics services

The production of this Guide aims to encourage the pooling and wide dissemination of good
practices, the use and quality of which should be tested at national and European levels. Such
a collection of recognized and recommended standards, coproduced with the large Rls, will also
facilitate the construction of relevant and flexible digital architectures, appropriate for each infra-
structure experiencing the need to complete its digital master plan. To meet the needs of research
communities in terms of scientific impact metrics, the diversity of needs and the pluralism of
practices must be recognized and supported: These are among the first lessons learned.

This second group of recommendations concerns the deployment of shared indicators. Here
again, the main actors concerned are those in charge of the TGIR, butalso the supervisory bodies
(research organizations, ministry) who will seek to use these indicators in the service of strategic
reflection. Finally, these developments must take into account the European and international
context in which the TGIRs are deployed and be carried out jointly with the partners of the other
countries concerned.

3.4. Recommendation C: Create a Network of Shared Metrics

How to get there? In the short term, a national approach to measure scientific impact of Rls
should be set up to contribute to the networking of all the identified and adopted standards
and practices. This approach, initiated with the large Rls, should also be developed in line with
the whole Higher Education & Research community (i.e., universities and research organiza-
tions). The following work directions have been identified:

1. Display the reference charters and support large Rls in their efforts to adhere to interna-
tional declarations of good practice for the evaluation of scientific results

Develop new metrics to support scientific foresight

Consolidate the scientific and professional deployment of publimetrics

Initiate a national metrics orientation approach

Set up a first experimentation process with a few large Rls

vk N

This third group of recommendations aims to promote a national network with the know-
how and skills for the implementation and monitoring of tracers and indicators of scientific
impact. The actors directly concerned are therefore, in addition to those responsible for the
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TGIRs (and potentially for the Rls), the national research organizations (such as the CNRS, the
CEA, and the IFREMER), the ministerial authorities, as well as the national evaluation and
control bodies.

The publimetrics guide, mentioned in recommendation B, would be the means of bringing
about the networking of metrics practices common to Rls, universities, research organizations,
and other academic institutions.

It can be recalled on this point that, in 2016-2017, on the initiative of the CNRS Department
of Scientific and Technical Information (DIST), and in association with the information profes-
sionals of Couperin (French academic library consortium), ADBU (Association of academic
library directors) and EPRIST (Association of STI directors of research organizations), the higher
education (HE) and research institutions had taken the initiative to assess the feasibility of net-
working the digital objectives and practices of scientific work, particularly in terms of metrics
and analysis of scientific publications (

) ~. This former study has shown the potential synergies of resources and projects that
can be expected from networking all the approaches, based on the stronger and more detailed
recommendations obtained in the survey of large Rls.

4. STANDARD FORMATS AND METRICS

Obviously, there is a growing interest and demand for the assessment of RI by the RI management,
and also by funding bodies, research organizations, and authorities ( ). The
French publimetrics initiative reveals different dimensions of such an approach, including the scien-
tometric evaluation of the Rl performance in terms of output and impact as well as the discovery of
emerging research trends and the assessment of partnerships, communities, and knowledge produc-
tion. Large Rls have importance in terms of national and international research strategy, and they
need significant, recurrent long-term funding; for both reasons, the French initiative recommends a
shared, concerted and mutualized approach to evaluation, based on flexible standard metrics.

In fact, as the French study shows, many infrastructures already do some kind of assessment,
often without appropriate tools or models, specific and not standard, and not interoperable. The
published projects in the field of research information management show that CRISs, with their
standard data models, may be an option for the assessment of RI. Yet, as mentioned above, CRISs
are generally designed for the evaluation of research institutions and organizations, not of infra-
structures, which are usually considered and assessed by such systems as part of institutional
resources, similar to other facilities, services, and equipment. Therefore, the following section
analyzes how the main standard CRIS format (i.e., the Common European Research Information
Format [CERIF]), and the new German Research Core Dataset (KDSF/RCD) meet the require-
ments of the present standard information and metrics for RI. Our focus is on the mapping of
RCD attributes, RCD entities, and CERIF elements and compare this information with the
recommended requirements (metrics) of the French publimetrics initiative. Do RCD and
CERIF provide an appropriate solution for the need for evaluation of RI? Are they compliant with
the publimetrics recommendations?

4.1. CERIF

Developed with the support of the European Commission and recommended for use by the EU
member states, CERIF  is a generic and standard model for organizing and exchanging research

12 See the COPIST reports at
3" For more information see
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Figure 2. CERIF data model (source: OpenAIRE ).
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information, the research domain and their relationships to each other on conceptual, logical,
and physical levels. CERIF is intended to serve as a model for homogeneous access to hetero-
geneous data systems and as a definition of a data exchange format. The aim of CERIF is to serve
as an interoperability level between the digital infrastructure and the research data, and to pro-
mote integration and exchange through standardization.

The CERIF data model includes persons, organizations, their projects, funding, and generally
everything that arises from or is connected to the research process. At the very heart of the CERIF
model are three interconnected core elements: persons, organizations, and projects; all the other
elements—outputs, activities, metrics etc. and on another level, identifiers, geographical origin,
addresses etc.—are connected with these elements through the semantic layer, in a rich, highly
complex but standard network of relations (Figure 2).

We will not, in this context, describe and comment the CERIF data model in detail. Relevant
for our study is the fact that the CERIF data model contains three infrastructure entities (i.e.,
facility, equipment, and service [Figure 31), with semantic links to all base entities (project, person,
organization unit) and result entities (publication, patent, product) and to some second level and
link entities, such as funding, event, postal address, measurement, and indicator (Dvorak, 2013).

This data model allows a flexible description (multilingual fields for name, description, and
keywords) and assessment of Rl and bears the potential for specific extensions, especially for
identities (Jorg, Hollrigl, & Sicilia, 2012), classification, and typologies, which may be added
and stored in the semantic layer of the CERIF data model. Through the semantic interconnection
of the different element levels, CERIF is able to handle RI identifiers, Rl classifications and/or

4 OpenAIRE Guidelines for CRIS Managers https://openaire-guidelines-for-cris-managers.readthedocs.io/en
/latest/cris_elements_openaire.html.
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Equipment

Service

Figure 3. The CERIF data model infrastructure entities (source: CERIF 1.3 Full Data Model ).

typologies, and an RI directory, and to link specific outcome (result) data such as publications
and research data sets.

The OpenAIRE Guidelines for CRIS Managers define “equipment” as an “instrumentality needed
for an undertaking or to perform a service,” with one mandatory attribute (internal identifier) and six
optional attributes or elements (type of equipment, acronym, name, identifier, description, owner),
whereas “service” is defined as a research information management system (CRIS).

4.2. KDSF/RCD

More recently, the German Council of Science and Humanities has funded the development and
promotion of the Research Core Dataset (KDSF/RCD)'", which describes information on research
activities in a standardized form (Azeroual, Saake et al., 2019a; Biesenbender, 2019; Biesenbender
& Herwig, 2019). This should enable quality-assured research activities for research reports to be
compared with little effort and be used multiple times (Azeroual, Schopfel, & lvanovic, 2020). The
goal is to provide a standard for Germany; the target groups for this are universities and nonuni-
versity research institutions. As there has been no standardized recording of research activities
by institutions in Germany up to now, the RCD standard is intended to contribute to the stan-
dardization of research reporting. According to the RCD, research information in the areas of
researchers employed by the institutions, young researchers, third-party funded projects, patents
and spin-offs, publications, and Rls are to be collected.

These are converted into so-called core data and their characteristics and aggregation
measures on the basis of existing definitions and standardization, including CERIF; the mapping
between RCD and CERIF shows that RCD is a specialized version of CERIF. The implementation
of the RCD standard is supported by the provision of a technical data model based on CERIF in
XML format, which describes both basic and aggregate data formats and their respective rela-
tionships. The basic data model corresponds to the objects, the description of the objects, and
the relationships and properties. The aggregate data model only defines the core data, without
characteristics or specializations. Further details about the RCD specification (version 1.0) and
the RCD XML schema can be found publicly on the RCD website. Figure 4 shows the semantic
linking of the RCD areas as an Entity Relation Model (ERM). This contains the objects on which
the specification is based, their attributes, and the relationships between them.

'3 https://www.eurocris.org/Uploads/Web%?20pages/CERIF-1.3/Specifications/CERIF1.3_FDM.pdf.
6 In German: Kerndatensatz Forschung (KDSF). For more information see https:/kerndatensatz-forschung.de/.
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Figure 4. RCD data model (Azeroual & Herbig, 2020).

The German Council of Science and Humanities points out that the RCD is only a recommen-
dation and not an obligation for universities and nonuniversity research institutions, which
should improve and not replace the existing recording of research activities in the institutions.
Rather, the RCD standard is intended to remove ambiguities in the collection of data and thereby
improve the quality of it. Relevant for our study is the fact that the RCD data model includes RI
(Forschungsinfrastruktur) as core data defined as

large/costly instruments, resources or service facilities for research in all scientific fields,
which are characterized by at least supraregional importance for the respective scientific field
as well as by a medium to long-term lifetime (more than 5 years) and are available for external
use for which access or use regulations have been established'”.

The RCD data model allows free title and description for the core data RI and provides
semantics on different levels and for different elements:

¢ Operator: organizational unit

¢ Operating personnel: employer/employee
e Coordinator: organizational unit

e Use: use/intensity of use

¢ Publication: publication

e Type: type of Rl

* Access type: type of access

17 See https:/kerndatensatz-forschung.de/version1/technisches_datenmodell/index.html#http://kerndatensatz

forschung.de/owl/Basis#Forschungsinfrastruktur.
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Figure 5. Use of CERIF and RCD in CRIS (Azeroual & Herbig, 2020).

4.3. Mapping CERIF and RCD

The RCD is compliant with the European CERIF format, and the RCD team provides a mapping
between CERIF and RCD, to enable the exchange between different CRIS (Azeroual & Herbig,
2020)'°. The RCD core data “Forschungsinfrastruktur” (R1) is mapped against the CERIF infra-
structure entity “equipment” but not to the other entities “service” and “facility.” In comparison,
CERIF appears more detailed, complete, and flexible for the description and assessment of Rl
than the German RCD.

RCD and CERIF serve as guidelines for scientific institutions that want to represent RCD and
CERIF in their CRIS systems. Implementation can take place at both institutional and CRIS pro-
vider level. Both cases can be observed in institutions. The XML schema from CERIF and RCD
can be used as a data source before importing into CRIS and/or as an export format to simplify
reporting (Azeroual et al., 2020). The use of CERIF and RCD in CRIS can be illustrated using
Figure 5.

The figure shows how CERIF and RCD can be used in institutions and offers institutions the
opportunity to improve the quality of research information before it is integrated into CRIS.

The data quality is somewhat dependent on the standard application and this will likely im-
prove the data quality. A standardized data model such as CERIF and RCD is an essential
prerequisite for data management in terms of monitoring and strengthening data management

'8 See https:/kerndatensatz-forschung.de/version1/technisches_datenmodell/Mapping.html.
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Table 1. Compliance of CRIS data models with French publimetrics recommendations

Compliance with

# Recommendation CRIS data models Comment
Al ID of results CERIF, RCD Standard attribute
A2 Performance indicators CERIF Semantic layer

(classification, typology...)

A3 Scientific domains CERIF Semantic layer

A4 Emergent research fields CERIF Semantic layer, attributes
A5 Open science CERIF Semantic layer, attributes
B1 RI affiliation CERIF Semantic layer

C2 Scientific foresight (CERIF) Reporting

C5 Experimental approaches CERIF, RCD Reporting

Quantitative Science Studies

in institutions. This enables the introduction and permanent quality assurance in institutions
as an overarching goal for research information ( ).

In the field of infrastructures, this means that if the data on Rl are created directly in the RI-CRIS,
care must be taken to index the Rl in an appropriate way (with identifier, classification, etc.) and to
link the Rl to each relevant element (publication, data, patent, domain, person, etc.). If the informa-
tion on Rl is ingested from other, internal or external sources, such as repositories, bibliographic
databases, or Rl systems, care must be taken to control the data quality and to cleanse, enrich,
and standardize the integrated data for further RI assessment.

4.4. The Compliance of CERIF and RCD with the Publimetrics Report

The French report makes 15 recommendations for the development of scientometric assessment

of Rl, summarized above ( ). How can research information systems cope
with these requirements, and to what extent are the standard format CERIF and the German
RCD consistent with them? provides some elements.

Some comments. First, some recommendations have been excluded because they are not
really relevant for research information management systems. In particular, recommendations
B2-B5 regarding the usage of metrics (best practices, etc.) will contribute to the development
and design of CRIS reporting functionalities, downstream of the ingestion and processing of
research information (cf. ) but should have no impact on the data model itself. Also,
recommendations C1, C3, and C4 on networking appear less relevant for data models; even
if CRIS will produce useful information and thus support the implementation of a national or
international strategy of RI metrics.

4.4.1. A1 Generalized use of unique identifiers for publications

Both CERIF and RCD include identifiers as an attribute of the entity publication. The CERIF
attribute ID is for local identifiers, whereas for persistent identifiers such as DOI the link to the
CERIF FedID entity should be used.
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4.4.2. A2 Harmonization (convergence) of performance indicators (domains,
partnerships, equipment)

CERIF handles standard or controlled vocabularies in the semantic layer (classification...).
Relationships are established by identifiers of persons, organizations, or projects (attribute
column), and fractions are indicated in the classification column, where each value belongs
to a scheme.

4.4.3. A3 Harmonization (convergence) of scientific domains

CERIF supports controlled terminology in the semantic layer.

4.4.4. A4 Development of new metrics for emergent research fields

CERIF appears flexible enough to represent and report new indicators, based on semantic
relations between entities and attributes and on measurement extensions, elaborated on infra-
structure entities and semantics.

4.4.5. A5 Indicators of open science (open access publications, open repository deposits,
paywall publications)

CERIF can handle this as semantics and attributes of the result entity publication.

4.4.6. B1 Generalization of RI affiliation

CERIF would represent this as a semantic link between a person (author), an organization (OrgUnit),
and an equipment, facility, or service (infrastructure entity).

4.4.7. C2 Development of new metrics for scientific foresight

Depends on the development. Research information systems would at least be able to produce
useful information for such new metrics. The CERIF model appears flexible enough for the
definition of new metrics, with the entities Indicator, Metrics, and Measurement. Moreover,
there is a flexible semantic layer and links between almost all CERIF entities, which can be
classified and time framed using the startDate and endDate attributes of link entities.

4.4.8. C5 Experimental approaches

Both data models can handle information about the number of publications, scientific domains,
impact metrics (citations), international partnerships, and open science-related metrics (open
access publications).

5. CONCLUSION

Rls are facilities, equipment, and services needed by the scientific communities from all disci-
plines; they provide high-performance equipment in a high-level scientific environment.
Because of their strategic importance, and also because of their need for significant, recurrent
long-term funding, there is a growing demand for the monitoring and assessment of their per-
formance in terms of research outcomes (publications, data, patents, etc.). A couple of national
and international projects from the last decade show that research information management
systems, with their standard data models, formats, and procedures may be an option for RI
assessment. They also do appear to be consistent with requirements and recommendations of
a shared approach to Rl outcome and impact metrics, as suggested by the French publimetrics
initiative.
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Even if the research information management systems are generally designed for institutions,
not infrastructures, their data models and, in particular, the main standard format CERIF, would
be able to handle Rl-related data and to produce relevant indicators for the reporting, monitor-
ing, and assessment of Rl performance. Also, they appear flexible enough to cope with the large
diversity of Rls and with new metrics. Obviously, the major issue is not system or format but stan-
dards, in particular unique Rl identifiers, standard classification, and names. On the occasion of
the 2020 VIVO conference, de Castro from euroCRIS recently summarized some of the main
projects on the identification of research equipment and facilities and recommended a

significant coordination effort (...) at an international level to raise and share emerging best
practice case studies, since research is a deeply international endeavour and research facil-
ities used in international projects may be based in any of the partnering countries

The evaluation of Rls is not just an academic issue but represents a societal challenge. As the
French Cour des Comptes observed during a recent hearing on its survey on large Rls (
; ), the lack of analysis of the metrics and the impact of Rl research is
total and deprives society of the means to take full advantage of Rls in a knowledge-based
economy:

Beyond the scientific evaluation, whose instruments are partly in place, and the socio-
economic evaluation, which is still in progress, a large field of study has not been tackled
to date: the evaluation of the positive qualitative externalities linked to the development of
knowledge enabled by large RI. However, this impact should be taken into consideration, in
order to guide public policies and ultimately to extend the reflection on risks, natural or
medical, for example, and the improvement of living conditions

Above all, more mutual understanding and coordination between RI management and CRIS
development seems required to address this challenge.

As long as Rls have their own specific performance indicators, produced with their own
specific systems and for internal use only, it will be difficult to harmonize or consolidate these
metrics to assess the overall performance of the different Rls, which is necessary for the devel-
opment of a reasonable national or international policy. The French publimetrics initiative pro-
vides a strategy on how to progress on the way to further harmonization and consolidation of
shared and common Rl metrics. Research information management systems or CRIS, designed to
support research institutions in the provision of funding information and reporting, in aggregat-
ing references for research outputs, and in producing indicators and assessment (

), bear the potential to contribute to this strategy. They have proven their worth in complex
research environments, they are based on standards, and they consider the issue of data quality
as a critical factor of success ( ).

Moreover, these systems would also contribute to a better understanding of scientific dis-
covery and knowledge. At the crossroads of information sciences and bibliometrics, research
is advancing towards the construction of “global” traceable document paths (

): In this sense, navigation between all the databases accessible

19 persistent identifiers for research instruments and facilities? June 25, 2020

20 Sénat, Commission des Finances Audition TGIR du 17 juillet 2019, Exposé de Sophie Moati, présidente de la
troisieme chambre,
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on the Web is recognized as possible ( ). Furthermore, it is
essential for the progress of routes and maps that information search behaviors are modeled
and that the semantics of the documentary choices made are stabilized by a solid “topic
modeling,” based on a “topic analysis-based approach” built through innovative and exhaus-
tive methods ( ). The search for these solutions is encouraged by a context of
rapid and diverse editorial changes, open to innovation (

). These evolutions lead directly to the creation of tools for comparing navigation routes;
in the words of , it is necessary to produce “annotated
corpora and shared evaluation protocols to enable the comparison between different tools
and methods.”

In this environment of query “paths” under construction, a common requirement towards more
traceability appears. The paths allow discoverers and users of science to represent their path of
hypotheses, discoveries, and ideas, in a more readable and traceable way, through a structured
sequence of all published scientific results, based on valid analyses of new maps of documentary
choices ( ). These mappings display their results using new ergonomic and
user-friendly tools: This vision is nothing less than the current grail of industries contributing to the
exploitation of scientific documentation. A dynamic global offer is thus being developed, with the
slogan: “solving the problem of problem solving.””" Some research institutes and infrastructures,
such as the European Bioinformatics Institute (EMBL-EBI™") already do this discovery mapping,
which constitutes an initial response to the needs expressed by most large Rls. Improved interna-
tional standards and cooperation for such marking out of the routes (i.e., a global markup of open
routes, such as sea or land air routes) would ensure the scientific integrity of navigation choices and
their coherent sharing, and would optimize navigation in digital scientific databases. Rl evaluation
with research information management systems could be an opportunity for further progress.

Alongside the current community, domain, and institutional platforms, new multiactor,
agent, and object infrastructures are now emerging, using a combination of computing and
analysis resources to carry out relevant data groupings on a very large scale. The Directory of
Research Information Systems”” shows a broad and structured pool of research information
systems, which can enhance research intelligence and contribute to the notion of knowledge
infrastructure, as a place for sharing and experimenting with Rl publimetrics and for the pre-
paration of what the National Academies of Sciences had called some years ago The future of
scientific knowledge discovery in open networked environments ( ). In this dynamic
and strategic environment, international synergy and cooperation between the different stake-
holders and projects from the communities of Rls (such as the ESFRI working group on the
monitoring of Rl performance with Key Performance Indicators or the JISC equipment data
project), euroCRIS, research information management systems, research organizations, and
funding bodies would be extremely useful for the development of relevant standard indicators
for the reporting, monitoring, and assessment of the performance of Rls, to meet the academic
and societal challenge.

This evolution towards the construction of CRIS, and then of platform networks, operates in
the following directions of pooling of results and resources:

¢ Share scientific results on scientific themes common to several Rls: The French Publimetric
Survey recorded this objective in a majority of complementary TGIR around a global

21 See
22 See
23 DRIS
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scientific objective (examples: climate change sciences creating an articulation of interest
for the structured exchange of data between glaciology, analysis of marine temperatures,
traces of carbon, meteorological conditions, etc.).

 Share the technical and scientific resources and practices of the same type of equipment
between and in TGIR (astronomy, synchrotron radiation, mainframe computers, large
interdisciplinary scientific analysis networks, etc.). As such, TGIRs already practice many
ULAB-type procedures to build their different interfaces (uses, experimenters, partners).

¢ Develop an expression of global interest in research approaches and scientific analysis
tools: Even more than others familiar with macroevolutions in concepts and work direc-
tions, all TGIRs feel the need to federate approaches on the new semantics of discovery,
on the itineraries and maps of knowledge renewed by the present innovations which
surround the human sciences and the information sciences. The Bibliometric Survey
has collected many testimonies in this direction. In this sense, the analysis graphs of
scientific choice routes ( ) are present in our present reflection, as in that of
most of the TGIR, which are ready to share experiences on innovative devices on the
current orientations of the work of science, as reported in the survey.

The authors are engaged in further work to test the proof of concept of a bipartite Scientific

Knowledge Graph (SKG), which was discussed as a research question in . This SKG
compares “routes” of networked users querying scientific information for discovery purposes and
uses. Various studies in the literature ( ; ) con-

firm that SKGs offer powerful means of representation of scholarly knowledge and assessment of
research impact. This work will include applications of SKGs to Rl uses.
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