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Abstract. The need for a comprehensive infrastructure for scholarly
publication information has been on the EU's agenda for a long time. Also,
the European Commission's open science policy highlights the necessity of
a good information base to follow up open access publishing across Europe.
However, an all-inclusive information infrastructure on research
publications is still missing. During the past 10 years, European countries
have invested significantly in national research information infrastructures.
Now, at least 20 European countries have a national database for research
publication metadata. The strength of these databases lies in their
comprehensiveness and quality assurance since they often have a mandatory
nature. They are, however, neither yet integrated nor widely used for crosscountry comparisons. To this end, a proof of concept of a European
publication infrastructure was carried out in the framework of ENRESSH
(www.enressh.eu). The ENRESSH-VIRTA-PoC integrated publication data
from four countries and the concept was built on the strengths of the Finnish
national VIRTA system. This paper highlights the results from the PoC and
outlines future steps towards the integration of national publication
databases in Europe.

1 Background
Science policy at all levels in Europe needs reliable information on research activities to
be able to evaluate research activities, their quality, and the development of open science.
The issue of a comprehensive infrastructure for scholarly publication information has
been on the agenda in various EU policy documents [1-4]. Also, the call for complete
open access in EU member states [5] and the Plan S [6] initiative highlight the need for
comprehensive and comparable information to follow up on the development of open
access publishing across Europe.
A comprehensive information infrastructure on research publications, however, is still
missing. The most widely used commercial publication databases, Web of Science and
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Scopus, suffer from significant lack of coverage especially in social sciences and
humanities [7-8].
Michael Gusenbauer [9] created a comparative picture of 12 of the most commonly
used academic search engines and bibliographic databases and found that Google Scholar,
with 389 million records, is currently the most comprehensive academic search engine.
The aggregating harvesters, such as Google Scholar and Microsoft Academic use welldeveloped algorithms to inclusively gather all available sources. They have wide
coverage and they also include books and national publications widely [2]. However,
because they do not disclose their sources, it is not known which publications are left out.
For purposes of exploring the open research literature, OpenAIRE provides an
inclusive platform but it covers only a small share of the total publication output of
research organizations since it harvests primarily freely available documents and
metadata from institutional repositories. OpenAIRE is comprehensive in terms of
scientific fields but its coverage is ‘accidental’ rather than systematic. For Google
Scholar, Microsoft Academic, and OpenAIRE it is not possible to assess to what extent
they are biased in terms of languages, publication types, open access, or scientific fields.
Therefore, they are not suitable for research evaluation purposes.
Another limiting factor is that many services, such as Dimensions, rely on the
availability of Digital Object Identifiers (DOI). This is also the case with the Unpaywall
service, which can be used to identify different types of OA publications based on DOIs
[10]. There are, however, considerable differences in DOI availability between different
publication types, fields, and countries [11-13].

Fig. 1. Different types of publication databases.

During the past decade, European countries have heavily invested in national and regional
research information infrastructures with the aim to better monitor and assess the research
performance in their country. National publication databases have been implemented
since the other existing databases do not give a comprehensive picture of publication
activities (see Figure 1). These national databases are either 1) centralized information
systems into which all organizations input metadata on their publication and other
research output, or 2) harvest information from research organizations’ own CRIS
systems (Current Research Information Systems).
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A recent survey found out that 20 European countries have a national database for
research output [14]. Many of these databases cover all fields of science. A particular
strength of the national databases lies in their comprehensiveness and high level of quality
assurance since they often have a mandatory nature. For example, Denmark, Finland,
Hungary, Italy, Norway, Poland, and Slovenia use their national publication database as
a basis for universities’ governmental performance-based research funding allocation.
The databases are also used for national or organizational research assessments.
Several recent declarations call for responsibility in research evaluation. DORA Declaration on Research Assessment [15], the Leiden Manifesto for research metrics [16]
and the Metric Tide report [17], recommend that the research evaluation should be based
primarily on expert judgment, but may be supported by metrics which presume
robustness, transparency, diversity, and reflectivity of the data. The national publication
databases correspond well for the needs of responsible metrics due to their very strict
quality criteria and validation procedures. Moreover, they are transparent since the
publication metadata is usually publicly available. Most of them have complete coverage
of the country's peer-reviewed publications in all fields. In addition, they take into account
the diversity of publishing by not just including journal articles but also conferences,
monographs, and edited works in all languages.
The national databases enable comprehensive monitoring of different aspects of
scholarly publishing: the development of the total volumes, the occurrence of different
publication types, scientific fields, and languages, as well as the development of open
access publishing. However, the national publication databases have not yet reached their
full potential for cross-country comparisons. A few studies, in which national publication
data from several European countries have been integrated manually, have demonstrated
the great potential of these data sources for improved understanding, for example, of
publication patterns and multilingualism in scholarly communication [18-19].

2 Towards a European infrastructure of publication
information
The survey on national databases [14] indicates that the main challenge of the
interoperability of publication information across countries is the variety of data models,
vocabularies and classifications, as well as of data collection and validation procedures.
Many countries have solved similar problems at the national level in different ways when
compiling information from research organizations’ local CRISes.
To this end, a proof of concept of a European publication infrastructure integrating
national databases was set up in the framework of ENRESSH. The European Network on
Research evaluation in Social Sciences and Humanities (www.enressh.eu) is an EU
funded COST action network with partners from 36 European Countries. The network
aims at advancing understanding and evaluating SSH research. One of the working
groups of ENRESSH is specifically set to coordinate initiatives in terms of
standardization and interoperability of research information in SSH and to design a
roadmap for a European database for research outcomes.
The ENRESSH-VIRTA-PoC [20] was carried out in 2017 with publication data from
Belgium, Finland, Norway, and Spain, building on the strengths of the Finnish national
VIRTA Publication Information Service. In VIRTA, launched in 2016, the Finnish
organizations store a copy of publication information of their institutional publication
databases. The organizations use various local solutions from commercial CRIS systems
to self-made publication registers. VIRTA is a data warehouse, ”a data hub”, making upto-date metadata from research institutions available for other services and producing
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comprehensive and comparative information on publishing activity both nationally and
institutionally. Also, a simple Publication Input Service has been built to Finnish
organizations that do not have their own CRIS system.
The proof of concept introduced a solution that integrated and validated metadata on
research publications from different source systems (Figure 2). Since the national
databases as source systems vary from simple databases to advanced CRIS systems
different solutions should be provided for the data transfer. Both REST API and OAIPMH endpoints, as well as XML file transfer, are supported in the suggested technical
solution. Potentially also a publication input service would be needed for organizations
or countries without a proper publication database.

Fig. 2. Outline of the solution for European Publication Information Infrastructure.

3 Interoperability and data models
From the ENRESSH-VIRTA-PoC, a set of classes, attributes, and associations was
observed that could make for a so-called "lowest common denominator" – a way to unify
information from all sorts of source systems and thus achieve metadata that could be
compared and analyzed across various countries. The proof of concept also produced a
summary of minimum data model elements needed in metadata integration from CRISes
and national databases. The minimum data model relies on the CERIF data model which
allows representation of various research entities, their connection, and outputs with their
semantic relationships. CERIF – the Common European Research Information Format –
is a standardized data model for the representation of research entities and their
relationships. CERIF is developed by euroCRIS (www.eurocris.org) and is used by
various national and organizational CRIS systems.
A subset of metadata from CERIF was chosen (Table 1). The control over which
elements should be included in the publication metadata was defined and the elements
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were classified as either “Mandatory”, “Conditional”, or “Optional”. For each element,
the relevance and context-related issues are made explicit to support the data validation
and also add to the bottom-up discussion on source systems on how to make metadata
comparable and unified.
Table 1. Proposed metadata for the European Publication Information Infrastructure.
Mandatory

Conditional*

Optional

Publication
ISSN
Audience
Internal identifier
ISBN
DOI
Publication type
Source title
Volume
Publication title
Peer review status
Number
Publication date
Start page
Author
End page
Author’s
affiliation
Discipline
*) Dependent on the type of publication. E.g. a book chapter should be accompanied by the ISBN
and the source title of the book.

4 Publication channel databases
According to the ENRESSH-VIRTA-PoC, the core bibliographic data is consistent across
countries. However, the extent of other information as well as definitions of open access,
publication types, and scientific fields vary. Therefore, a solution based on agreement
and shared typologies is not realistic. Instead, the additional information should be
determined by using other sources such as the authorized publication channel lists (Figure
3). In many countries, the national publication databases are accompanied by
comprehensive authority lists of publication channels, i.e. the journals in and publishers
with which the publications are published.
The publication channel databases should also be integrated at the European level.
They could be used in determining publication types, peer-review status, open access
status, and scientific fields of the publications, and thereby, they help to ensure
consistency of national publication databases [21]. Also, other external data sources can
be used to check the open access status of publications and machine learning algorithms
can be developed to identify the subject fields of the publications. Consequently, there is
no need for unifying national field classifications which are often provided under a
national framework and sometimes even linked to national legislation.
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Fig. 3. Example of a publication’s metadata, and a publication channel’s metadata currently
included in the national databases.

5 Conclusions
National publication databases are the most comprehensive data sources of scholarly
publications at the national level. In cross-country comparisons, they are, however,
underused. Their integration would provide a comprehensive and well-structured
information base of European scholarly publications and a great potential for research
evaluation at the European level. National publication databases complement other
information sources, such as OpenAIRE and Crossref, to provide a complete picture of
European research.
However, common standardization of data needs to be defined to have real
comparability between research outputs reported to institutional, national, or international
databases. Since the core bibliographic information is quite consistent across the
databases the data can be enriched by using external sources. Especially high-quality
information on publication channels is important in achieving more comparable
publication data.
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