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Openscience

Michel Nielsen said „Open Science is 
the idea that scientific knowledge of 
all kinds should be openly shared as 
early as is practical in the Discovery 
process”. Scientific Knowledge of all 
kinds: journal articles, data, code, 
online software tools, questions, 
ideas, speculations, failures, …and 
anything which can be considered 
knowledge. ”

Foster: What is Open Science? Introduction. Available at 
https://www.fosteropenscience.eu/content/what-open-science-introduction

Open access to scientific 
publications
Open Data
Open Software
Open services and workflows
Open Research Infrastructure
Open peer review
Open Learning Materials
Open Research Methods
Open Lab Notes
Citizen Science

Reproducibility 
of research

https://www.fosteropenscience.eu/content/what-open-science-introduction


Promoting openness at different stages 
of the research process

Foster: Open Science and Research Initiative 
(2014). Open Science and Research Handbook. 
[English version]. Available at 
https://www.fosteropenscience.eu/sites/default
/files/pdf/3986.pdf



Open Reproducible Research

Open Reproducible Research is based on:

• Irreproducibility Studies: The act during which the results of a study or an 
experiment can be replicated and reproduced.

• Open Lab/Notebooks: Laboratory research records, diaries, journals, 
workbooks etc. offered online free of cost with terms that allow reuse and 
redistribution of the recorded material.

• Open Science Workflows: A sequence of processes scientists make to 
administer and disseminate convoluted scientific examinations offered online 
and free of cost allowing the reuse of the material.

• Open Source in Open Science: Software where the source code is available 
free of cost with terms that allow dissemination and adaptation.

• Reproducibility Guidelines: Ground rules to assist with the recreation of 
research experiments and studies.

• Reproducibility Testing refers to the process of validating that the reported 
research results can be obtained in an independent experiment



Open Science Tools

Refers to the tools that can assist in the process of delivering 
and building on Open Science.
Tools are:
• Open archives that host scientific literature, data, software 

and other research objectcts and make their content freely 
accessible to everyone in the world.

• Open services offered by organisations and institutions 
which is possible to use free of cost.

• Open Workflow Tools (apparatuses and services ) that 
promote open scientific projects.



Open Data 

A piece of data or content is open if anyone is free to use, reuse, and redistribute it — subject only, at 
most, to the requirement to attribute and/or share-alike” -- opendefinition.org 

This means, according to the Open Knowledge Foundation: 
• Availability and Access: the data must be available as a whole and at no more than a reasonable 

reproduction cost, preferably by downloading over the internet. The data must also be available in 
a convenient and modifiable form. 

• Reuse and Redistribution: the data must be provided under terms that permit reuse and 
redistribution including the intermixing with other datasets. 

• Universal Participation: everyone must be able to use, reuse and redistribute - there should be no 
discrimination against fields of endeavour or against persons or groups. For example, ‘non-
commercial’ restrictions that would prevent ‘commercial’ use, or restrictions of use for certain 
purposes (e.g. only in education), are not allowed 

Open knowledge fundation: What is open? https://okfn.org/en/library/what-is-open/

https://okfn.org/en/library/what-is-open/


FAIR (Findable, Accessible, Interoperable, 
Reusable)

Source: 
https://libereurope.eu/blog/2018/07/13/fairdataco
nsultation/liber-fair-data-2/

TO BE FINDABLE:
F1. (meta)data are assigned a globally unique and eternally persistent 
identifier.
F2. data are described with rich metadata.
F3. (meta)data are registered or indexed in a searchable resource.
F4. metadata specify the data identifier.
TO BE ACCESSIBLE:
A1 (meta)data are retrievable by their identifier using a standardized 
communications protocol.
A1.1 the protocol is open, free, and universally implementable.
A1.2 the protocol allows for an authentication and authorization procedure, 
where necessary.
A2 metadata are accessible, even when the data are no longer available.
TO BE INTEROPERABLE:
I1. (meta)data use a formal, accessible, shared, and broadly applicable 
language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles.
I3. (meta)data include qualified references to other (meta)data.
TO BE RE-USABLE:
R1. meta(data) have a plurality of accurate and relevant attributes.
R1.1. (meta)data are released with a clear and accessible data usage license.
R1.2. (meta)data are associated with their provenance.
R1.3. (meta)data meet domain-relevant community standards.

Source: 
https://www.force11.org/group/fairgroup/fairprinciples

https://libereurope.eu/blog/2018/07/13/fairdataconsultation/liber-fair-data-2/
https://www.force11.org/group/fairgroup/fairprinciples


How to achieve interoperability 
between data islands?

(Meta)data Interoperability principles:
• (Meta)data use a formal, accessible, shared, 

and broadly applicable language for 
knowledge representation.

• (Meta)data use vocabularies that follow FAIR 
principles.

• (Meta)data include qualified references to 
other (meta)data. 

Source: Wilkinson, M. D. et al. The FAIR 
Guiding Principles for scientific data 
management and stewardship. Sci. Data 
3:160018 doi:10.1038/sdata.2016.18 (2016) Source: https://commons.wikimedia.org/wiki/File:Islands_Of_Data.svg

Source: 

https://www.researchgate.net/publication/267692879_Towards_Executable_
Reality_Business_Intelligence_on_Top_of_Linked_Data/figures?lo=1

https://commons.wikimedia.org/wiki/File:Islands_Of_Data.svg
https://www.researchgate.net/publication/267692879_Towards_Executable_Reality_Business_Intelligence_on_Top_of_Linked_Data/figures?lo=1


Layers of interoperability

Source: The European Interoperability Framework four levels of 
interoperability

Licenses Data protection
GDPR

Copyright

Policy

Governance

Interpretation of meaning & structure

Metadata & Ontologies

Frameworks

Services

Infrastructure providers

Rules of participation

https://joinup.ec.europa.eu/collection/nifo-national-interoperability-framework-observatory/solution/eif-toolbox/6-interoperability-layers


FAIR digital object

Source: Schwardmann, U., 2020. Digital Objects – FAIR Digital Objects: Which Services Are 
Required?. Data Science Journal, 19(1), p.15. DOI: http://doi.org/10.5334/dsj-2020-015

Digital Object 
Interface Protocol

Source: RDA's Data Foundation & Terminology Group (DFT) 2014: 
Core Model

http://doi.org/10.5334/dsj-2020-015
https://www.dona.net/sites/default/files/2018-11/DOIPv2Spec_1.pdf


PID graph

A – linkage of different version of software
B – datasets stored in the repository
C – linkage of different digital objects of the research 
project

Source: Martin Fenner and Amir Aryani. Introducing the 
PID Graph, Datacite blog - https://doi.org/10.5438/jwvf-
8a66

Manghi, P., et al.: Openaire research graph dump 
(2019). https://doi.org/10.5281/zenodo.3516918 and 
https://graph.openaire.eu/

https://doi.org/10.5438/jwvf-8a66
https://doi.org/10.5281/zenodo.3516918
https://graph.openaire.eu/


12

EOSC minimum metadata set recommendation for 
metadata interoperability

https://docs.google.com/spreadsheets/d/19eJURTWjnrw16WnS_NeX-cOOm_lqEONF/edit#gid=1625055675


Important documents for openscience in Slovenia

• Resolution on the Slovenian Scientific Research 
and Innovation Strategy 2030 (ReZrIS30) 

• Decree of the implementation of scientific 
research work in accordance with the principles 
of open science  (official version in Slovene, 
translated verssion in English)

• Action plan for Open Science – implementation 
of objective from ReZrIS30 : Open Science to 
improve the research quality, efficiency, and 
responsiveness. 

https://www.gov.si/assets/ministrstva/MVZI/Znanost/Nacionalne-strategije-in-dokumenti/Resolution-on-the-Slovenian-Scientific-Research-and-Innovation-Strategy-2030.pdf
https://www.uradni-list.si/_pdf/2023/Ur/u2023059.pdf
https://www.gov.si/assets/ministrstva/MVZI/Znanost/Obzorje-Evropa/Novice/2023-Open-Science/Decree-on-the-implementation-of-scientific-research-work-open-science.pdf
https://www.gov.si/assets/ministrstva/MVZI/Znanost/Nacionalne-strategije-in-dokumenti/2023-Action-Plan-Open-Science-Slovenia.pdf


Open Science to improve research quality, 
efficiency, and responsiveness

• Effectively manage and finance the development of the national Open Science 
ecosystem and ensure its coherence with international standards, develop 
national structures and infrastructures related to Open Science, and foster their 
integration into international networks and infrastructures.

• Introduce modern approaches to the evaluation of scientific research in 
accordance with Open Science principles (e.g. DORA -San Francisco Declaration on 
Research Assessment, Leiden Manifesto for research metrics, (European Research 
Area and Innovation Committee Guidelines) to increase the quality and impact of 
research.

• Ensure that the results of scientific research are consistent with the FAIR 
(Findable, Accessible, Interoperable, and Reusable) principles, and that full and 
immediate Open Access is provided (subject to justified exceptions).

• Establish a national Open Science community to implement and monitor Open 
Science in Slovenia, as well as its integration into ERA and beyond.

• Promote the development of citizen science and public involvement in scientific 
research.

• Promote the development of national scientific publishing that will operate 
according to the principles of Open Science.



Nationalni portal (http://www.openscience.si)
- search engine and digital objects agregator,
- recommender system,
- similar content detection,
- digatal objects deduplication.

DKUMRUL RUP RUNG

ePrints.FRI

Other 
digital 

archives
DIRROS REVIS

DKMORS

Structure diagram of Slovenian open access 
infrastructure

Journals 
and 

monograph
s

CLARIN.SI
ELIXIR node 

Slovenia

SLING

Big 
research 

data 
archive

Common 
services

PID 
service

Slovenian COVID 19 national portal is available on http://covid19dataportal.si/

http://www.openscience.si/
http://openscience.si/OProjektu.aspx
https://covid19dataportal.si/
https://www.covid19dataportal.org/
http://covid19dataportal.si/


Achievements

• A national approach to building of open science infrastructure and FAIR digital 
objects.

• National PID service.
• National big data archive.
• Templates for amendments to the policies about a mandatory copy of research 

publications, research data, final theses and other research results ( software, 
workflows, lab notebooks, online courses…) is developped for all partner 
institutions. 

• Development of adapted processes for filling publications, research data sets and 
other research results from students and employments on all partner institutions.

• Open Aire compatibility is established to facilitate in registration, discovery, access 
and re-use of research publications and  research data, in particular in the context of 
funded projects across European countries.  

• Integration with COBISS, SICRIS, higher education information system, university 
information systems and university autethication systems. 

• Plagiarism detection software is developed and included into processes for filling 
publications from students and employments.

• Recommendation system of similar works within repositories and between 
repositories and other is implemented.



National openscience portal



Search



Advanced search



Recommendation system



User interface of Slovenian text similarity detection 
system



Repository 1 Repository 2 Repository N

….

Openscience.si

HPC Vega and 
Maister archive

ARNES digital 
preservation 

archive

B2Handle
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ARNES

B2Safe

B2Find

EOSC + 
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HPC

B2stage

External 
sources

Services

Structure diagram of research big data archive and 
PID service infrastructure



Open metadata

https://openscience.si/OpenData.aspx


Mobile application - IOS



Mobile aplication - Android



Application programming interface

https://dk.um.si/ajax.php?cmd=getDocument&gID=88814&version=3


RSS – the latest published diplomas at the faculty



OAI-PMH (DC, Datacite, OpenAire,) RDF, Highwire 
press, Open Graph in Shema.org metadata 
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Structure diagram of repository infrastructure
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DKUM – Digital library of University of 
Maribor

https://dk.um.si/info/index.php/eng


RUL – Repository of University of Ljubljana

https://repozitorij.uni-lj.si/Statistika.php?lang=eng


RUP – Repository of University of Primorska

https://repozitorij.upr.si/info/index.php/eng/


RUNG – Repository of University of Nova Gorica

https://repozitorij.ung.si/info/index.php/eng/


DiRROS – Digital repository of Slovenian research 
organizations

https://dirros.openscience.si/info/index.php/eng/
https://dirros.openscience.si/info/index.php/eng/


ReVIS – Repository of colleges and higher 
education institutions

https://revis.openscience.si/info/index.php/eng/


A sequence diagram of final study work submission 
and publication at the universities of Maribor and of 

Nova Gorica





A sequence diagram of research item 
submission and publication



Establishing processes to support the handling 
of research data in the national open access 

infrastructure

• Pre-publication activities.

• Publication in the repository or data archive.

• Digital preservation.



Phase before publication of research data and 
required documentation

• Phase before publication of research data:
– Planning and finding data sources.

– Preparation of a research data managament plan, applications for the ethics commission and proposals for informed 
consent, proposals for declarations by data providers.

– Obtaining relevant statements and opinions.

– Data collection and creation.

– Data Processing and analysis.

– Preparation of files in appropriate formats.

– Preparation of documentation.

Before a researcher applies for the publication of a research dataset in the national open access 
infrastructure, he must have:

– a  data managament plan (if requested by the funder or the organization in which he is employed),

– metadata about the research dataset,

– documentation that is necessary for understanding and using the data,

– data files in appropriate formats,

– ethical approval if  the research study involves humans, animals or environmental data,

– statements of data providers and signed informed consents of research participants,

– defined licenses for the use of research data,

– the software, containers, workflows that was used to generate or process the data, if he created it himself,

– research notes and other research results, if any.



Publication phase

• The researcher inserts the research data set and other research results into the repository or 
data archive himself or his librarian inserts them .

• The librarian checks the adequacy of the metadata and whether the appropriate 
documentation is available.

• The librarian informs the appropriate authority within the institution, which is in charge of 
checking the appropriateness of data publication and other research results, that the data set 
and other research results have been uploaded. They are accessible in closed access and are 
only available via a link that requires a password provided by the librarian.

• The appropriate body within the institution, which is in charge of checking the adequacy of the 
data publication, checks the adequacy of the content of the data set and other research 
results. If the content is appropriate, inform the librarian that the data set and other research 
results can be published.

• The librarian, after a positive response from the body within the institution, which is in charge 
of checking the appropriateness of data publication, publishes the data set and other research 
results in the repository and performs cataloging in COBISS.

• Central specialised information centre of the scientific field, established by Slovenian research 
and inovation agency checks the adequacy of the typology, metadata and documentation of 
the research data set and other research results.



Digital preservation phase

• Data can be stored in different formats and in 
several versions. For digital preservation of 
research data, we must ensure the 
independence of the data from the 
technology. We will establish processes for 
digital preservation according to the OAIS 
reference model ( ISO 14721 ) using metadata 
according to the PREMIS meta data standard.

http://www.oais.info/
https://www.loc.gov/standards/premis/


1+MG schema



Workflow



Slovenian GDI architecture diagram
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Data discovery



Request for data



Reviewing a data request



Reviewing a data request



Reviewing a data request



Granting access to data



Who influences the interoperability of digital 
objects and infrastructures in Europe?

• European Open Science Cloud (EOSC)

• EU research infrastructures (ELIXIR, CLARIN, CESSDA, DARIAH, BBMRI, ….)

– European Strategy Forum on Research Infrastructures (ESFRI)

– European Research Infrastructure Consortium (ERIC)

• Pan-European e-Infrastructures (GEANT, EUDAT, OpenAire, EGI, EuroHPC, RDA, 

PRACE…)

• EU in EOSC  projects: FAIRsFAIR, EOSC Enhance, EOSC Pilot, EOSC hub, 

FAIRCORE4EOSC, EOSC Future, DICE, EGI-ACE, OpenAIRE Advance, OpenAire-

Nexus, EOSC FOCUS, FAIR IMPACT, Skills4EOSC, FAIR-EASE, ByCOVID, ExPaNDS, 

Blue-Cloud 2026, WorldFAIR, EOSC RAISE,  OSCARS, EOSC Beyond, EVERSE, 

Ostrails, EOSC SIESTA, TITAN, EOSC ENTRUST…

• EU scientific clusters: ENVRI-FAIR (environmental sciences), EOSC-Life ( life 

sciences), ESCAPE (astronomy and particle physics), SSHOC (social sciences and 

humanities),  PaNOSC (photon and neutron open science cloud).

• EU and global initiatives (CODATA, FAIR digital object forum, GoFAIR, DDI, COAR, 

IVOA…).

https://ec.europa.eu/info/research-and-innovation/strategy/strategy-2020-2024/our-digital-future/open-science/european-open-science-cloud-eosc_en
https://roadmap2021.esfri.eu/projects-and-landmarks/browse-the-catalogue/
https://elixir-europe.org/platforms/data/core-data-resources
https://www.clarin.eu/
https://www.cessda.eu/
https://www.dariah.eu/
https://www.bbmri-eric.eu/
https://www.esfri.eu/
https://research-and-innovation.ec.europa.eu/strategy/strategy-2020-2024/our-digital-future/european-research-infrastructures/eric/eric-landscape_en
https://ec.europa.eu/futurium/en/system/files/ged/booklet_infra_web_final.pdf
https://geant.org/
https://eudat.eu/
https://www.openaire.eu/
https://www.egi.eu/
https://eurohpc-ju.europa.eu/index_en
https://www.rd-alliance.org/
https://prace-ri.eu/
https://eosc.eu/horizon-europe-projects/
https://www.fairsfair.eu/
https://eosc-portal.eu/enhance
https://eoscpilot.eu/
https://www.eosc-hub.eu/
https://faircore4eosc.eu/
https://eoscfuture.eu/
https://www.dice-eosc.eu/
https://www.egi.eu/project/egi-ace/
https://www.openaire.eu/openaire-advance-project
https://www.openaire.eu/openaire-nexus-project
https://eosc.eu/eosc-focus-project/
https://www.fair-impact.eu/
https://www.skills4eosc.eu/
https://fairease.eu/
https://by-covid.org/
https://expands.eu/
https://blue-cloud.org/
https://worldfair-project.eu/
https://eosc.eu/eu-project/raise-project/
https://oscars-project.eu/
https://www.eosc-beyond.eu/
https://everse.software/
https://ostrails.eu/
https://eosc-siesta.eu/
https://titan-eosc.eu/
https://eosc-entrust.eu/
https://science-clusters.eu/
https://envri.eu/home-envri-fair/
https://www.eosc-life.eu/
https://projectescape.eu/
https://sshopencloud.eu/
https://www.panosc.eu/
https://codata.org/
https://fairdo.org/
https://www.go-fair.org/
https://ddialliance.org/
https://www.coar-repositories.org/
https://www.ivoa.net/


Pan-European e-Infrastructures

https://ec.europa.eu/futurium/en/system/files/ged/booklet_infra_web_final.pdf


EuroHPC Joint Undertaking

https://eurohpc-ju.europa.eu/about_en


VIR



EOSC Life

https://www.eosc-life.eu/about/our-vision/






The European Open Science Cloud (EOSC)

The European Open Science Cloud (EOSC) aims to create a single digital space 
that will enable open access to, use and re-use of research data, resources 
and services across Europe.The EOSC's main objectives are:
• To make research data, services, software and other scientific outputs 

accessible to all researchers, regardless of their affiliation or financial 
means.

• To ensure that research data and research results are accessible, 
verifiable and reusable.

• To foster collaboration and accelerate the development of new scientific 
knowledge and technologies by bringing together a diverse community of 
researchers, businesses and public institutions.

• Promote the findability, accessibility, interoperability and reusability of 
research data and other digital objects, in line with the FAIR principles, 
with the aim of increasing productivity, innovation and trust in EU 
research.

https://eosc.eu/


EOSC providers

Source: EOSC 
Future

https://eoscfuture.eu/eventsfuture/provider-days/


Common European data spaces

Sorce: Common 
European data 
spaces

https://digital-strategy.ec.europa.eu/en/policies/data-spaces
https://digital-strategy.ec.europa.eu/en/policies/data-spaces


Source: 
Simpl

https://digital-strategy.ec.europa.eu/en/policies/simpl


Vision for a National EOSC Node
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Where you find more information

• National portal of open science: http://www.openscience.si/Default.aspx
• DKUM: https://dk.um.si/info/index.php/eng/
• RUL: http://repozitorij.uni-lj.si/info/index.php/eng/
• RUP: http://repozitorij.upr.si/info/index.php/eng/
• RUNG: http://repozitorij.ung.si/info/index.php/eng
• DIRROS: http://dirros.openscience.si/info/index.php/eng
• REVIS: http://revis.openscience.si/info/index.php/eng

• Our publication: 
Milan Ojsteršek , Janez Brezovnik , Mojca Kotar , Marko Ferme , Goran 
Hrovat , Albin Bregant , Mladen Borovič , (2014) "Establishing of a 
Slovenian open access infrastructure: a technical point of view", Program: 
electronic library and information systems, Vol. 48 Iss: 4, pp.394 – 412
http://www.emeraldinsight.com/doi/full/10.1108/PROG-02-2014-0005

http://www.openscience.si/Default.aspx
https://dkum.um.si/info/index.php/eng/
http://repozitorij.uni-lj.si/info/index.php/eng/
http://www.odun.univerza.si/info/index.php/eng/
http://repozitorij.ung.si/info/index.php/eng
http://dirros.openscience.si/info/index.php/eng
http://revis.openscience.si/info/index.php/eng
http://www.emeraldinsight.com/doi/full/10.1108/PROG-02-2014-0005
http://www.emeraldinsight.com/doi/full/10.1108/PROG-02-2014-0005
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