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Abstract

FWO launched a pilot where data from FRIS, the regional CRIS of Flanders, were used to capture information on the outputs of
the FWO funded research projects. The pilot of this quite unique approach was implemented in a few steps: defining the scope of
the pilot (peer-reviewed scientific publications only), establishing definitions of the concepts in collaboration with the research
stakeholders, building golden records of projects and publications in FRIS, and developing API’s to harvest the data.

This method as well as the outcome of the pilot proved to be successful. The information on publications linked to FWO-
projects was harvested from FRIS and used to prefill the FWO reporting template. The benefits and lessons learned of this pilot
are described. Establishing definitions for the research output categories was time-consuming but necessary for obtaining more
uniform and more qualitative data.

The administrative burden for researchers was reduced in the sense that the information was prefilled in the reporting template.
On the other hand, researchers and research institutions had to invest time and effort into the change of the reporting process.
Once this process will become mainstream, the real reduction in administrative burden will become obvious. Also research
institutions will benefit from the FRIS golden record service, as they will be able to harvest-information that was already
provided by other research institutions.

As the overall outcome of the pilot was positive, FWO has already started the next phase in which the same method is used and
the scope is extended to non-peer-reviewed publications, papers in proceedings of scientific conferences, dissertations, books,
book chapters, patents, datasets and other outputs. For FRIS this pilot and the next phase contribute to its ambition to become the
unique and complete hub for all research information in Flanders.
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1. Introduction

This contribution elaborates on how a funding organization uses a regional CRIS as a primary data source for
research reporting. This leads to less administrative burden for the researcher and more complete and correct
information in the database of the Flanders Research Information Space (FRIS) and within the scientific reports
collected by the funder. We describe the pilot case developed by the Research Foundation — Flanders in collaboration
with FRIS and the research institutions: the set-up of the pilot, the developments needed, and the lessons learned.

2. FRIS as regional CRIS in Flanders

In Flanders, research institutions have a long tradition of using a current research information system (CRIS) and
providing information to the regional CRIS, called FRIS (Flanders Research Information Space). Since its launch in
2006, FRIS has been steadily expanding as well in depth (more information objects) as in width (more than 70 research
institutions) [1]. From 2013 on, the architecture of FRIS was completely redesigned to enable the flow of research
information from research institutions to FRIS using webservices. The idea behind it in this particular use case, is to
reduce administrative burden on the side of the institutions and concomitantly having higher quality results on the side
of FRIS.

FRIS captures information to make it publicly available, to shorten the innovation chain, to report and to use it for
policy preparation and monitoring purposes. Up-to-date and high quality data is therefore key. For that reason, FRIS
handles the following principles:

1. Research institutions are the owners of the information. If information is not correct; research institutions need

to rectify it and resubmit it to FRIS.

2. This implies another principle: research information is captured and stored in silo’s whereas it remains clear
that information is delivered by a particular research institution.

3. Nevertheless, FRIS will link information from different research institutions (silo’s) via persistent identifiers
so information is interconnected.

4. FRIS has contracts with the research institutions and not with individual researchers. This means that
researchers cannot change information directly in FRIS and cannot be held responsible in a direct way. Instead,
research institutions are held accountable.

5. Therefore FRIS doesn’t manipulate data itself, but it enriches where possible. E.g. for publications FRIS will
add information on the open access source as an enrichment via Unpaywall;

(e.g. https://researchportal.be/nl/publicatie/burnout-among-surgeons-and-during-sars-cov-2-pandemic)

6. All research information in the database will be kept in silo’s as it is delivered in such a way by the research
institutions but will be presented on the public website as merged files whereas the same (complementary)
information is delivered by the different research institutions and possibly enriched with other external sources.

In 2019 the span of research information to be provided to FRIS was widened (also infrastructure, patents and
datasets were added) [2, 3] and FRIS was also used to monitor Open Science in Flanders [4].

The goal is to have all research institutions in Flanders deliver research information to FRIS. The delivery of
research information to FRIS by the research institutions is enforced by law: the so called “W&I decree” [5], which
regulates the organization and financing of Science and Innovation policy, obliges the institutions covered by the
decree, as well as the universities and colleges, to supply research information to the FRIS-platform since 2019.
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In 2021 a new type of provider was connected to FRIS: a research funder. The Research Foundation — Flanders
(FWO) is the first research funding organization sending information about all the projects and mandates they are
funding. This information is not shown directly on the research portal, but is stored in the back-end and is used as an
authority source when building so called golden records of projects. In the coming years, FRIS will add information
of other funding organizations like the European Commission and the Flemish funding agency for innovation and
entrepreneurship (VLAIO).

As FRIS evolved during the years, the architecture changed to tailor to the contemporary requirements. The main
goal remains the same: aggregating research information from all research institutions in the region using standard
compliant technology. In order to facilitate this, the main system interfaces with SOAP web services with research
data payload in the CERIF 1.5 XML standard and JSON/REST services.

Research information can be ingested through several channels: automated via webservices or manual via a user
interface for those research institutions that don’t have a CRIS-system. As soon as information enters, FRIS will do
a referential check and an automated data quality check through a validation engine. When information complies
with the requirements, it is saved in the database (FRIS backend).

This FRIS backend contains public and private information, e.g. personal information (GDPR) and budget
information. The public information is being used for the researchportal.be via a REST API, or used by FWO for the
researchers’ report via a golden record API, or used by several other organizations which can retrieve the data via
several other webservices, and retrieved by other — European — aggregators such as Open Aire and EOSC (European
Open Science Cloud).

The public and the private information in the FRIS backend/database is used for analyses and reporting purposes
on budgets, for policy monitoring and policy preparation.

A high level overview of the architecture of FRIS is shown in Figure 1.
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Fig. 1. High-level overview of the architecture of FRIS and the relation with inputs and outputs.
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3. Research Foundation — Flanders: reporting on research

FWO (Research Foundation — Flanders) is a public research funding organization whose main mission is to fund
fundamental and strategic (i.e. use-inspired) basic research in Flanders. FWO offers a variety of funding schemes for
researchers at each stage of their scientific career. Individual researchers can apply for pre- and postdoctoral
fellowships as well as grants enabling international mobility whereas research teams can apply for different types of
project funding. FWO also runs programs to fund research infrastructure, international scientific cooperation and
awards scientific prizes. Research Applications enter an inter-institutional competition and are selected for funding
based on scientific excellence after a thorough peer-review process performed by scientific experts. Core values such
as transparency and equal opportunities are central during the entire process.

From beneficiary researchers is expected that they report about their progress and the research results emanating
from their FWO project or fellowship. This report should comprise among others a description of the status on reaching
the objectives, a full publication list and the impact the research has had. While reporting previously was done using
a word template, FWO launched an online reporting tool with a new reporting template in 2023. The purpose of this
new tool was to have a more structured and simplified manner of reporting that allows a better and more consistent
evaluation, that facilitates monitoring the output and impact generated by their funds and to diminish the administrative
burden for researchers. The information in FRIS about research output offered new opportunities to further enhance
the FWO reporting procedure.

Over the years, FWO has taken several efforts to generate the information flow between FRIS and FWO and to
optimize the information quality and completeness in FRIS. Since 2021, FWO supplies information about its funded
research to FRIS which is used by FRIS as reference data. They serve a purpose for monitoring, quality control and
the construction of golden records. Since 2022, FWO requires from their beneficiaries that all research output needs
to be registered in FRIS and linked to the FWO project they stem from. Thereby FWO created a first strong incentive
for researchers to further enrich the information in FRIS [6]. In 2023, FRIS and FWO started a trajectory to use the
information on publications in FRIS, which originates from the research institutions, in the FWO reporting templates.
A second version of the online reporting template that utilises the information in FRIS to prefill the publication list,
was launched in 2024.

4. Reporting pilot FWO

FWO started a pilot, in collaboration with FRIS, ECOOM and the Flemish research institutions. The process to
achieve this is described below:

4.1. Scoping and definitions of concepts

Via the FWO research reports, scientists have to report on several types of outputs like peer-reviewed journal
publications, non peer-reviewed publications, papers in conference proceedings, dissertations, books, book chapters,
patents, datasets and other outputs. The scope of the pilot was limited to one of these types: “peer-reviewed journal
publications” (also known in Flanders as “Al-publications”).

In order to get precise and consistent results by the different stakeholders, a clear definition of the Al-category
was put forward by the FRIS Research Output working group (FRISTO RO). This working group of FRIS, led by
ECOOM Hasselt, works on definitions and semantics related to FRIS and involves all research institutions that deliver
data to FRIS.

Then this definition had to be translated to certain parameters available in FRIS like publication type, peer-review
status and publication status. Regarding the publication type, FRIS has a more fine-grained research output taxonomy
for journal contributions than FWO. In the FRISTO RO, a definition was put forward for each of these concepts and
every institution mapped its own research output taxonomy onto the FRIS research output taxonomy and the FWO
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Al-concept. During this exercise it became clear that different institutions can have different views on how to classify
their research outputs. The result of this exercise is shown in Table 1.

Thanks to the discussions in this working group, better alignments of the classifications among institutions were
achieved.

Table 1. Mapping of the FWO publication category A1l onto the FRIS journal contribution types.

FWO publication category FRIS journal contribution types ~ FRIS definition

Al: Peer reviewed articles in  Journal Article A journal article is a self-contained nonfiction prose composition on a

scientific journals fairly narrow topic or subject, written by one or more authors and
published under a separate title in a collection or periodical containing
other works of the same form
(source:

https://cerif.eurocris.org/vocab/html/Output Types.html#Journal Article)

e-pub e-only version of a Journal contribution

Letter A letter (also known as "communication") is a brief description of
important new research (source:
https://w3id.org/cerif/vocab/Output Typest#Letter)

Research Note Research notes are not full academic papers but are discussion notes,

seeking to advance a new idea, theoretical perspective, research
program, or methodological approach in organization studies (source:
https://www journals.elsevier.com/scandinavian-journal-of-
management/policies/instructions-for-research-notes-and-book-
reviews/) or "A paper that mentions or remarks on a published paper on
a specific subject." (source: Web Of Science)

Review Article Review articles in academic journals analyze or discuss research
previously published by others, rather than reporting new experimental
results. Review articles are an attempt to summarize the current state of
understanding on a topic. A review article re-presents previously
published material, rather that reporting new facts or analysis. Review
articles are sometimes also called survey articles or, in news publishing,
overview articles. Academic publications that specialize in review
articles are known as review journals.

(source: https://en.wikipedia.org/wiki/Review_article)

Letter to Editor A letter written to a journal or other periodical about issues of concermn
to readers, and published in the journal or periodical.
A letter to the editor is a letter sent to a publication about issues of
concern from its readers. Usually, letters are intended for publication. In
many publications, letters to the editor may be sent either through
conventional mail or electronic mail.
In academic publishing, letters to the editor of an academic journal are
usually open postpublication reviews of a paper, often critical of some
aspect of the original paper.
(source: https://en.wikipedia.org/wiki/Letter to the editor)

Finally the conditions were set that a publication in FRIS needs to fulfill in order to be taken up automatically in
the Al-section of the FWO-report:
- The publication has to be of one of the FRIS journal contribution types that map onto the FWO Al-category
(journal contribution type, see table 1),
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- The publication has to be peer-reviewed (peer-review status),
- The publication has to be published (publication status),
- The publication has to be linked to the FWO-project that it is resulting from.

After reception of the information on publications from FRIS but prior to listing them in the scientific reports,
FWO applies a filter that selects the Al-publications based on these set conditions.

4.2. Creating golden records in FRIS

As research institutions often collaborate and co-publish, and as each of the research institutions is sending the
information on their publications to FRIS, it is obvious that FRIS will contain a lot of publication duplicates. To avoid
duplicates in the FWO-reports, FRIS needed to build golden records of publications.

This is also true for projects involving collaboration among research institutions. Each institution reports on its
involvement in the project, providing details such as the portion of the grant they received, the researchers that
participated and the publications that emerged from their contributions.

FRIS therefore needed to build golden records for both projects and publications, ensuring that each record
included links to its associated entity (projects with links to publications and vice versa). Links between publications
and projects in FRIS are captured via the CERIF element <cerif:cfProj ResPubl> [7].

To build golden records of projects, the persistent identifier that was used, is the FWO grant ID (e.g.
“GOAO0321IN”). In FRIS, this contract number is captured as a federated identifier of the project funding
(<cerif:cfFedld>) combined with the funder type “FWO Contract Id” (<cerif:cfClassSchemeld>Funder Identifier) [7].
All the projects delivered to FRIS containing the same grant ID and funder type, are merged into one golden record.
All the publications that have a link to this project are also merged into the project golden record.

An example is illustrated in Fig. 2a en b below. FWO granted institutions 1 and 2 to perform a research project
with Grant ID = GOAO0321N. This project led to the production of several research papers. Institution 1 is involved
in 2 publications which are sent to FRIS with a link to project with Grant ID GOA0321N. Institution 2 is also involved
in 2 publications, one of which is in collaboration with institution 1 and the other is not; they are also linked to the
same project with Grant ID GOA0321N. Institution 3 is not directly involved in the project, but is co-author in 1
publication (Fig. 2a).

a Projects Publications b Projects Publications
AN AN AN AN
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Fig. 2. (a) schematic representation of two institutions delivering information about a project and its linked publications; (b) building golden records
of multiple records of projects and publications
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In FRIS a golden record is built for the project with Grant ID GOAO0321N and this project contains a link to 3
publications, 2 of which have duplicates. Then for the publications, all duplicates are merged into golden records
based on federated identifiers like DOI, Handle, Institutional repository URL and Web of Science Id (Fig.2b).

In order to build the golden records, some logic has to be applied to make choices when the information in the
original records is not identical. For each attribute, one of the following methods was used:
e Applying a logic through a (cascade of) conditions
e Merging the values of the original records
e  Choosing the value of one of the providers (main provider)

The method that was applied was different for the various attributes of the publication record (the complete list of
attributes for journal contributions in FRIS is available in the FRIS integration guide [7]). For some attributes like the
publication open access label, the applied logic is a cascade of conditions:

e ifatleast one of the original records has a certain value (“open” in the case of open access label), then the
golden record gets this value;

e if none of the records has the value “open”, but at least one of the original records has the value
“embargoed”, then the golden record gets this value;

e finally, if none of the records has the value “open” nor “embargoed”, then the golden record gets the value
“closed”.

For some other attributes like publication type, the values of the original records are merged. E.g. if one provider
delivers a publication as a “review article” and another provider as a “journal article”, then the golden record will have
the two types “review article” and “journal article”.

Finally for the other attributes like title, volume, issue, page numbers... the value of one provider was chosen,
since it has no added value to store multiple values. The provider that was the first to deliver the information to FRIS
was appointed as the main provider in these cases.

4.3. Operational phase

In FRIS a golden record service was built disclosing golden records of projects and of publications. FRIS built an
API to expose information that is used by FWO. The retrieval from FRIS by FWO (illustrated in Fig. 3) is a two-step
process: first, FWO calls the FRIS golden project service, entering the Grant ID from which they want to retrieve the
publications. This call returns the UUID’s of the golden publication records of this specific grant. In the second step,
FWO calls the FRIS golden project service, entering the UUID’s of the golden publication records and then they
retrieve all the information about these golden publication records. That information is then used to automatically fill
in the reporting form of the grant, more specifically the section of Al-publications (Fig. 4).

Grant ID:
GOAO0321N

?((\] FRIS

~ Researchportal.org

fwo

Publications

Research Research Research
paper 1 paper 2 paper 1

Fig. 3. Schematic representation of the retrieval of publication information by FWO from FRIS on the basis of a FWO Grant ID.

The researcher does not have to fill in this reference information in the reporting template anymore; it is already
prefilled in a fixed format. If a publication is missing, or if information is not correct, the researchers cannot change
the info in the report, but they will have to make sure that the info is corrected at the source (e.g. mostly the library or
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CRIS-system of the research institutions), after which the updated info will be sent to FRIS and then be retrieved by
FWO. This procedure guarantees that the correct information is maintained by the owner i.e. the research institution
at which the research is taking place.

Peer-reviewsd sclentific Peer-reviewed scientific articles (optional)

articles Please press the button retrieve publications’ to generate a list with all your peer-reviewed articles in scientific journals (i.e. A1 articles) that are related to
your FWO-funded research. Your publication list is composed of all your published articles (i.e. online and/or printed) that are available in the FRIS

Other publications database. Only peer-reviewed journal articles that are correctly registered in the FRIS database will be considered by the FWO. To add articles to FRIS, make
sure your publi are in your D y and refer to the correct FWO project number. After registration of additional publications

Published data in FRIS, you can press the retrieve publications’ button again to generate your newly updated publication list. Please take into account that synchronisation
between your institution’s repository, FRIS and FWO's reporting tool may take up to 1 week so make sure you register the articles timely. Peer-reviewed

Other academic output articles that are accepted but not yet published will not appear in your publication list. You may refer to these accepted publications in the scientific

progress section of the report by including a reference in the description of the relevant goal
If one or more referable datasets are available, please add them in the published data section.
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Fig. 4. Screenshot of the reporting tool of FWO, showing the list of peer-reviewed journal articles based on the information received from FRIS.
5. Benefits

The FWO pilot is the first of its kind in Flanders where a funding organization (re)uses data from a CRIS — in this
case the regional CRIS FRIS — to capture information on the outputs of the research it is funding. This way of working
has several benefits.

Researchers do not have to re-enter information that was already previously entered or captured in the institutional
repository or CRIS of the research institution they are working at. The information about publications flows
automatically from the institutional repository or CRIS to FRIS and subsequently to FWO. FWO uses this information
to prefill the researchers’ report, which benefits researchers as they don’t have to manually enter their publication list
in the report.

FWO now captures information on the output of its research in an automated and structured manner. A clear
advantage is the increased quality of the information in the report. For instance, references are more complete and
have a uniform format, which was not the case when they were added manually. In addition, information present in
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the report (e.g. the Open Access status) has been validated at the level of the research institution which has led to an
increased reliability of the information in the reports. More reliable and complete information enables FWO to monitor
and analyze the outcomes of their research projects, which can be used to support or improve their funding policies.

FRIS also benefits from this pilot by collecting more uniform and thus more qualitative data. The quality of the
data is further increasing by the growing awareness by the researchers and the research institutions of the importance
of correct and complete information. As they now know that the information in the institutional repositories and
CRIS’s is reused for reporting purposes by funders, more attention is drawn to collecting correct information from the
start. This improvement of data quality was obvious when comparing the results of publications before and after the
launch of the pilot. Nine months after the launch of the pilot, there was a fivefold increase in the amount of publications
in FRIS that are linked to a FWO project . The total number of publications in FRIS only increased with a few percent
during the same time span, so this fivefold increase was not due to an increase in publications, but to an increase in
the number of links between publications and projects.

Finally, research institutes will also benefit from the golden record information offered by FRIS. They can harvest
this information from FRIS and use FRIS as a referential and high quality source to complete the information in their
own CRIS or institutional repository. For instance, a research institute can check in FRIS if a project already has links
to certain publications or vice versa, if a publication has links to projects. If a researcher is working in more than one
research institution, it suffices that the link between his project and the resulting publications is registered in the
systems of one institution. That information flows to FRIS and can be harvested by the other institutions he is working
at. This contributes to the reduction of the administrative burden.

6. Lessons learned
Whereas the benefits of this pilot are clear, there were also some lessons learned.

As with any change of a process, time and effort is needed for researchers and research institutions to adapt.
Research institutions had to revise their registration and validation procedures in order to be sure that the information
necessary for the report of the funder was flowing correctly and timely. As the course of this pilot was quite short and
the reporting deadline was fixed, this proved to be quite demanding.

Researchers had to make changes to the way of reporting they were familiar with. They could no longer wait until
the final day before the deadline to fill out their report, as the publications had to follow a fixed flow that could take
time. The process consists of the following steps: entering the information in the institutional repository and/or CRIS,
validation by the research institution, sending the information to FRIS, harvesting the information by FWO and the
insertion of the information in the reporting template. As this procedure cannot be bypassed, researchers cannot make
manual changes to the report just a few moments before the deadline. They have to follow the fixed order of steps
and make additions or corrections at the source of the information, not in the reporting template.

The need to link the publication to the project it resulted from, was something that not all researchers were already
aware of. Publications missing this explicit link to the project, were not included in the reporting template. The
mentioning of the Grant ID in the acknowledgements of the publication was not sufficient to comply with this
requirement. Some research institutions are harvesting funder data from publishers where possible, albeit sometimes
manually based on the publications, and offer this information to their researchers. That information is harvested from
the acknowledgements of the publication and should contain names of funders and/or Grant ID’s. Providing this info
in the institutional repository or CRIS can help researchers to make the links to the projects more easily. FWO will
explore together with FRIS whether the adoption of a grant PID, like a Crossref Grant ID, would be helpful for
researchers and research institutions to facilitate the process of linking research projects with research output.
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Finally, this pilot revealed that quite some time had to be invested in the definition of concepts and achieving
agreements on these with all the stakeholders involved. However, this time was considered very useful as it helped to
get everyone aligned and this will result in more uniform data across institutions.

FWO, FRIS and ECOOM have already initiated the next phase to extend the scope to other research output than
peer-reviewed scientific journal publications and will follow the same process as in the pilot phase: agreeing on
semantics with all stakeholders, building golden records in FRIS and developing API’s to make data available for
harvesting..

7. Conclusion

FWO launched a pilot in which data from FRIS, the regional CRIS of Flanders, were used to capture information
on the outputs of FWO funded research projects. This pilot was implemented in a few steps.

First, the scope of the pilot was defined (limited to peer-reviewed publications only) and the definitions of the
concepts used were established in collaboration with ECOOM and all the Flemish research institutions. This phase
was time-consuming but proved necessary and useful to obtain more uniform and more qualitative data.

Then information on projects and publications resulting from these projects was collected in FRIS from the
research institutions and merged into unique golden records. These records were harvested by FWO, the peer-
reviewed publications were selected, references were assembled according to a fixed format and then inserted into the
publication list of the FWO report. The method of the pilot and the operational outcome of it proved to be successful.

The administrative burden for researchers was reduced in the sense that the information was prefilled in the
reporting template. On the other hand, researchers and research institutions had to invest time and effort into the
change of the reporting process. Research institutions had to revise their registration and validation procedures in
order to be sure that the information necessary for the report of the funder was delivered correctly and timely.
Researchers had to make sure that all the necessary info about their publications was present and appropriately linked
to their research projects in the institutional repository or CRIS in time, as the data follows a predefined flow prior to
being loaded into the FWO reporting template. Adjusting to a new process takes time and effort. Eventually, this
flow will become mainstream and then the real reduction in administrative burden will become apparent. Also
research institutes can now use FRIS as a source to enrich their own data. If links between projects and publications
have already been provided by one institution, it can be harvested by other institutions as well.

Making the registration of research output in FRIS mandatory helps to have more complete and correct information.
Using the information in the FWO reports was a big incentive for researchers to keep their records updated and
complete. Whereas the number of publications of an institution before and after the launch of the pilot was comparable,
the number of links between publications and FWO projects increased substantially (5 times) since the launch of the
pilot.

As the overall outcome of the pilot was positive, FWO has already started the next phase in which the same method
is used and where the scope of the reporting will be extended to non-peer-reviewed publications, papers in conference
proceedings, dissertations, books, book chapters, patents, datasets and other outputs.
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For FRIS this pilot and next phase contribute to its ambition to become the unique and complete hub for all research
information in Flanders.
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