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Kurzfassung

Datenmanagementpläne (DMPs) sind Dokumente die Forschungsprojekte begleiten und
beschreiben, wie Daten verwaltet, persistiert und wiederverwendbar gemacht werden.
Maschinell verarbeitbare DMPs (maDMPs) beinhalten strukturierte Metadaten auf denen
Anwendungen aufbauen können und die Research Data Alliance (RDA) veröffentlichte
den DMP Common Standard (DCS) als Referenz. Lösungen, die maDMPs verwenden,
decken bereits verschiedene Anwendungsfälle ab, doch trotz dieser Fortschritte wird
die Überprüfung von DMPs in der Regel manuell durchgeführt, und unseres Wissens
existiert keine automatisierte Lösung, die Reviewer dabei unterstützt. Folglich ist die
Evaluierung von DMPs ein zeitintensiver, manueller Prozess, der stark vom Urteil der
Reviewer abhängig ist.

In dieser Arbeit untersuchen wir die Verwendung automatisierter Indikatoren, um In-
formationen zu Qualitätsaspekten bereitzustellen, um Reviewern bei der Evaluierung
von DMPs zu unterstützen. Basierend auf einem Review der Literatur und Diskussionen
mit der maDMP Community identifizieren wir Anforderungen und schlagen eine kon-
zeptionelle Architektur für ein Framework vor, welches Reviewern bei der Evaluierung
von DMPs durch die Bereitstellung von automatisch generierten Qualitätsindikatoren
unterstützt.

Aufbauend auf dieser konzeptionellen Architektur implementieren wir einen Prototypen
und evaluieren diesen, um zu überprüfen, ob die ermittelten Anforderungen abgedeckt
sind und zeigen durch konkrete Beispiele, dass der Prototyp automatisch Qualitäts-
messungen bereitstellen kann, um Evaluierungskriterien in Bezug auf Vollständigkeit,
Durchführbarkeit, Qualität der Aktionen und Richtlinienkonformität abzudecken und,
dass diese Messungen das Ergebnis einer manuellen Evaluierung reflektieren.

Außerdem führen wir eine Fallstudie durch, um herauszufinden, inwieweit die DMP-
Evaluierung in Bezug auf die Anforderungen der Science Europe Evaluation Rubric
mithilfe der vorgeschlagenen Lösung automatisiert werden kann. Das unveränderte DCS-
Anwendungsprofil kann nur bedingt die Informationen, die in der Evaluation Rubric
verlangt werden, abdecken. Nach der Erweiterung des DCS-Anwendungsprofiles können
wir eine Zuordnung erstellen, die alle von der Evaluation Rubric benötigten Information zu
Elementen eines maDMP zuordnet. Allerdings stellen wir auch fest, dass nur eine teilweise
automatisierte Evaluierung möglich ist und genauere Bewertungskriterien erforderlich
sind, um einen höheren Automatisierungsgrad zu erreichen.
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Abstract

Data Management Plans (DMPs) are documents accompanying research projects with
the purpose of describing how data is managed, stored and preserved. Machine actionable
DMPs include structured metadata that applications can leverage and the Research Data
Alliance (RDA) proposed the DMP Common Standard (DCS) as a baseline. Applications
using maDMPs already address various use cases, but nonetheless the review of DMPs is
usually conducted manually by human reviewers, and to the best of our knowledge, there
exists no solution to assist them. Therefore, the evaluation of DMPs is a time intensive
process involving extensive human labor and judgement.

In this work, we investigate the use of automated indicators to provide information on
quality aspects to assist reviewers in the evaluation of DMPs. Based on the literature
review and discussions with the maDMP community we identify requirements and propose
a conceptual architecture of a framework assisting in the evaluation of DMPs through
the provision of automatically created quality indicators.

Following the conceptual architecture, we implement a prototype and evaluate it to
verify that the elicited requirements are covered and show through concrete examples,
that the prototype can automatically provide quality measurements to meet the review
goals completeness, feasibility, quality of actions and guideline compliance and that these
measurements mirror the results of a manual assessment.

In addition, we perform a case study to show to what extent the DMP evaluation
with regard to the Science Europe DMP Evaluation Rubric can be automated using
the proposed solution. Using the unaltered DCS application profile only parts of the
guidelines in the Evaluation Rubric can be addressed with corresponding information of
a DCS maDMP. After extending the underlying DCS application profile we can provide
mappings covering the required information of all given questions of the rubric, but
we also observe that only partial automated assessment is possible and more machine
actionable evaluation criteria are needed to achieve a higher level of automation.

xi





Contents

Kurzfassung ix

Abstract xi

Contents xiii

1 Introduction 1
1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Goal and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Research Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.5 Thesis Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2 Related Work 11
2.1 FAIR Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2 Data Quality Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . 18
2.3 Semantic Web . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.4 Scientific Knowledge Graphs . . . . . . . . . . . . . . . . . . . . . . . . 23
2.5 Data Management Plans . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3 Requirements 37
3.1 Roles of Stakeholders . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
3.2 Use Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
3.3 Functional Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.4 Non-Functional Requirements . . . . . . . . . . . . . . . . . . . . . . . 41
3.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4 Conceptual Design 45
4.1 Business Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
4.2 Data Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
4.3 Application Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . 62

5 Implementation 73

xiii



5.1 Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
5.2 DMP Quality Vocabulary . . . . . . . . . . . . . . . . . . . . . . . . . 76
5.3 DMP Evaluation Service Prototype . . . . . . . . . . . . . . . . . . . . 76
5.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

6 Evaluation 97
6.1 Prototype Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
6.2 Coverage of Evaluation Goals . . . . . . . . . . . . . . . . . . . . . . . 107
6.3 Examples of Quality Measurements . . . . . . . . . . . . . . . . . . . . 109
6.4 Evaluation of Science Europe DMP Evaluation Rubric . . . . . . . . . 121

7 Conclusion and Future Work 127
7.1 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

A Resources 135
A.1 Prototype Source Code . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
A.2 DMPQV Documentation . . . . . . . . . . . . . . . . . . . . . . . . . . 135
A.3 Science Europe Evaluation Rubric Mapping . . . . . . . . . . . . . . . 135

List of Figures 141

List of Tables 143

Acronyms 147

Bibliography 151



CHAPTER 1
Introduction

Data Management Plans (DMP) are documents accompanying research projects during
the different stages of the research lifecycle with the intention of describing the data used
and produced during research activities, as well as illustrating how data will be handled
according to FAIR principles. The FAIR principles, an acronym for Findable, Accessible,
Interoperable and Reusable, have been proposed by Wilkinson et al. [WDA+16] and are
a set of guiding principles to help promote good data management practices in scientific
and research contexts. As a tool that raises awareness of good data management, various
research funding bodies such as the National Science Foundation (NSF) in the United
States and the European Commission in Europe require researchers to submit a DMP
when applying for research grants [MSMJ19, KM15, MOR22].
Although DMPs are already widely required by funding bodies, their review is in most
cases done manually, with reviewers reading a text document prepared by the researcher
according to the DMP template of the funder [MSS+23]. Due to the heterogeneity of
research practices across disciplines and the use of DMPs as a tool to collect information
from a variety of resources, the quality of the feedback depends on the experience of the
reviewers and can vary extensively.
Originally, DMPs used to be text documents that were not machine readable, making the
review process not only a labor intensive manual task, but also limiting their utility to the
stakeholders involved, so that they have often been viewed as an administrative burden
[MSMJ19]. Therefore, the Research Data Alliance (RDA) proposed the DMP Common
Standard (DCS) for Machine Actionable Data Management Plan (maDMP)s to improve
the value of DMPs for stakeholders involved in Research Data Management (RDM), by
allowing them to exchange information using this common standard [MWN+21, MWN20].
As a result, certain aspects of Research Data Management (RDM) could already be
automated using maDMPs, thus reducing the administrative burden and improving
RDM processes [WO20, Zou23, SJMM17]. Furthermore, the development of the DMP
Common Standard Ontology (DCSO) serialization provides a representation of maDMPs
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1. Introduction

using a controlled RDF vocabulary that enables the use of semantic web technologies in
the context of maDMPs.

1.1 Motivation
Although the evaluation and compliance monitoring of the content contained in maDMPs
is seen as an important part of the effort to integrate maDMPs into the broader RDM
infrastructure [MSMJ19, SJMM17, PMSBG23, JPH+20], the review of DMPs is carried
out manually in most cases, and to our knowledge, there exists no integrated approach
to enable automatic or semi automated evaluation of DMPs. Miksa et al. [MSS+23]
compiled an overview of recent case studies, shown in Table 1.1, with the objective of
presenting methods on how maDMPs could be automatically evaluated. Although these
tools show the possibility of automatic evaluation, they only aim to show the feasibility
of specific aspects and do not constitute a universal solution regarding the evaluation of
DMPs.

However, in practice, reviewers usually manually evaluate textual DMPs based on
evaluation criteria such as the Science Europe Evaluation Rubric [Eur21] and must
manually gather the contextual information required from resources such as Scientific
Knowledge Graph (SKG). Manual evaluation requires intricate domain knowledge and
expertise that strongly influences the quality of the evaluation. Especially since a wide
variety of aspects, such as metadata standards, repositories, licensing, and accordance to
FAIR principles, among others, have to be taken into account.

Miksa et al. [MSS+23] investigated different scenarios of usage and requirements of such
an automatic maDMP evaluation solution. Figure 1.1 depicts the current state of the
art (AS-IS) and presents two possible solutions on how to automate the review process
(TO-BE-1 and TO-BE-2 ). In AS-IS, although the DMP might already be available as an
maDMP it is converted into a text-based document that answers questions of the funder’s
template before sending it to the reviewer. Therefore, in the current review process,
the benefits of maDMPs cannot be exploited, leading to significant work overhead and
feedback that is highly dependent on the reviewer’s expertise.

In TO-BE-1 the researchers use their current workflows to create a maDMP and send it
to the funder who has dedicated evaluation software. The software provides structured
and human-readable information and metrics to help reviewers in their evaluation and
reduce the amount of manual research needed to provide contextual information. If the

1https://github.com/fekaputra/MadPot
2https://github.com/raffaelfoidl/maDMP-evaluation
3https://github.com/RDA-DMP-Common/RDA-DMP-Common-Standard/tree/master/

ontologies/validation
4https://github.com/vknaisl/madmp-metadata-standard-link-evaluation
5https://fairsharing.org/
6https://ds-wizard.org/
7https://github.com/MarekSuchanek/madmp-fairness-evaluation
8https://www.f-uji.net/
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1.1. Motivation

Existing Solution Description
MadPod1 Provides transformation between maDMP JSON

serialization and validation of the provided SHACL shapes.
A set of SHACL shapes to validate parts of a DCS DMP are
provided.

Funder Requirement
Evaluation2

Foidl et al. [FBM21] Provide SPARQL queries to query
information required to answer the Science Europe DMP
guidelines.

DCSO ShEx Validation3 The repository containing the official publication of the
DCS ontology also contains SHEX files to validate aspects
of a DCS DMP.

Check Metadata Links4 Verfies if metadat standards provides in a maDMP are
registered in a trusted source, in this case FAIRSharing5

Data Stewardship Wizard6 The Data Stewardship Wizard is a tool that helps to create
DMPs using questionnaires. In addition to the creation of
DMPs according to a given template, it also offers a variety
of functions in the context of DMP creation. Regarding
evaluation it provides the possibility to give FAIR guidance
to answers given in the questionnaire.

F-UJI Evaluator7 This tool extracts all identifiers of all datasets in a maDMP
and retrieves the achieved FAIRness of the hosted dataset
using the F-UJI Evaluator8.

Table 1.1: Case studies on aspects of automatic evaluation of maDMPs [MSS+23].

funding agency does not intend to use an evaluation software, researchers can still benefit
from an automatic evaluation of the DMP before submitting the document as shown in
TO-BE-2.

In summary, there currently exists no unified architecture that leverages maDMPs to
automatically evaluate DMPs and assist reviewers in their work. However, the ability to
do so has already been recognized in publications that elaborate on the requirements of
machine-actionable DMPs as an important contribution [JPH+20, MSMJ19, MRGB17,
CCE+22, SJMM17]. Based on previous work by Miksa [MSS+23], current FAIR practices
[WDA+16] and DMP evaluation guidelines [Eur21, WCW+16, BUD+19] we identified
the following review goals that will be addressed in this thesis:

• G1. Completeness: Evaluate whether all relevant aspects of a maDMP are
covered. The DCS provides guidance on the required fields in a valid maDMP. This
standard can be used to validate a given maDMP against and highlight sections
that do not conform to the standard, are missing, or are only partially available.
As such, for example, the license for a dataset could be missing, or more generally
there could exist entities that have an incorrect format or are available in incorrect
multiplicities.

3



1. Introduction

Figure 1.1: Current DMP evaluation scenario (AS-IS) and possible scenarios for automa-
tion on maDMP evaluation (TO-BE) [MSS+23].

• G2. Feasibility: Evaluate the possibility that the content of a maDMP can be
put into practice through concrete actions, which depends on the current stage of
the lifecycle of the DMP, particularly if the actions are just described or already
implemented:

– Evaluate whether there is inconsistent or contradictory information in a given
maDMP. For example, a funder has an open access policy, but the published
dataset has a closed license.

– Evaluate whether the actions described in a DMP are followed through. Fun-
ders, institutions, and repository managers would benefit from an automated
system to verify that researchers have met the commitments they made in
their DMPs. Simms et al. [SJMM17] defined this as an essential requirement
for maDMPs.

• G3. Quality of Actions: Evaluate the relevance and effectiveness of the actions
listed in the maDMP depending on the data lifecycle phase.

– Evaluate if the actions described in the DMP lead to FAIR data. In particular,
Miksa et al. [MRGB17] mentioned the need to evaluate reproducibility and
proposed creating new metrics.

4



1.2. Goal and Scope

– Evaluate the FAIRness that has been achieved. The FAIR community provides
metrics and standards to assess whether digital objects comply with community
standards. These standards can be integrated in the context of a maDMP
evaluation solution to provide guidance on the FAIRness achieved at later
stages of the data lifecycle.

• G4. Guideline Compliance: Evaluate whether a given maDMP complies with
DMP guidelines. For example, some funding bodies require DMPs to comply with
their guidelines, but in addition to funder requirements there exist other guidelines
that are of importance such as the DCS standard itself to guarantee the proper
form of a given maDMP.

1.2 Goal and Scope
The overarching goal of this thesis is to design a framework that will aid different
stakeholders involved in a project’s DMP in the review process by providing indicators
based on the data provided by a DMP. Indicators should collect and refine information
to help reviewers get a clearer understanding of the DMP at hand. As a consequence, a
constraint of the given solution is that it should not provide an assessment of the given
DMP but rather augment the human-based assessment with the indicators provided.
These should also be explainable and unbiased, and therefore techniques like free-text
analysis will not be considered, but listed as future work due to the additional challenges
involved.

More specifically, this thesis aims to further develop ideas on automation of the evaluation
of maDMPs proposed by the community and to show their feasibility. The solution
should assist DMP reviewers at different stages of the research-data lifecycle, such as
when datasets are fist described or after they have been persisted into a repository.
The solution should integrate information from different sources into the evaluation and
provide information and indicators to support reviewers.

The following components are expected to be delivered as part of the thesis:

• Taxonomy of goals G1 to G4 into more fine-grained dimensions and corresponding
indicators to describe the results of the automated evaluation of DMPs.

• Proposal of a mapping of information included in a DCS DMP to entities of SKGs
and repositories.

• Methods to produce measurements for goals G1 to G4. In addition to a proposal of
a decomposition of these goals, the thesis should also propose methods to produce
measurements for the corresponding indicators.

• Conceptual design of an evaluation framework for the automatic provision of
indicators for a given DMP on the goals G1 to G4 to help reviewers with the
evaluation of DMPs in different stages of the data life cycle.

5



1. Introduction

• Extension of the DCS standard to enable better coverage of selected funder’s DMP
requirements.

1.3 Research Questions
Based on the motivation described in Section 1.1 and the description of the expected
results described in Section 1.2, following research questions should be answered in this
thesis:

• RQ1: To what extent can maDMPs be automatically validated with respect to
goals G1 - G4?

– What are suitable indicators to measure goals G1 - G4 in the context of DMPs
and how are they embedded in existing standards?

– What is the correct way to combine semantic web technologies, SKGs, and
FAIR evaluation tools to provide measurements of the proposed indicators
and to what extent can automation be achieved?

• RQ2: To what extent can the coverage of funder guidelines according to G4
Guideline Compliance be increased by adapting the RDA DMP Common Standard?

• RQ3: What is a conceptual framework that provides automated indicators that
measure aspects of the quality of a maDMP at different stages of the research data
lifecycle?

1.4 Methodology
The methodological approach of this thesis follows the principles of Design Science of
Hevner et al. [HMPR04, Hev07]. The design science paradigm is fundamental to the
discipline of information systems, which aims to create new and innovative artifacts
to solve identified organizational problems. Figure 1.2 shows the three cycles defined
in the design science paradigm (Design Cycle, Relevance Cycle, Rigor Cycle) adapted
for the needs of this thesis. During the Relevance Cycle opportunities and challenges
in the application environment will be researched. This cycle is supposed to provide
requirements and define criteria for the evaluation of the solution. The Rigor Cycle
grounds the research project by providing past knowledge and experience while also
adding new knowledge, created during the research, back to the Knowledge Base (KB).
Lastly, the Design Cycle represents the central cycle of design science research projects
and iterates between the construction and evaluation of an artifact to further refine it.
Due to the scope of the thesis, only one cycle will be completed.

Based on these principles of design science research, the following steps will be carried
out in this thesis:

6



1.4. Methodology

Figure 1.2: Overview of the Methodology of this thesis in the context of the cycles defined
by the principles of Design Science [HMPR04]. Adapted and extended from Hevner
[Hev07].

1. Identify relevant problems: The current state-of-the-art in DMP evaluation
will be investigated and possibilities for automated evaluation using maDMPs will
be identified. This includes further investigation of the goals and corresponding
methods involved in the evaluation. The benefits of a solution that enables the
automated evaluation of maDMP will be highlighted. This corresponds to the
Design-Science Relevance Cycle. At the end of this step, the requirements for the
solution, as well as evaluation test cases and scenarios, will be defined.

2. Design: Artifacts will be designed for an automated maDMP evaluation solution to
address the requirements identified in the Relevance Cycle. This step corresponds
to the Design Cycle and is therefore grounded in existing knowledge through
the Rigor Cycle, meaning that methodologies from the knowledge base of design
science will be applied. To this extent, DMP quality indicators will be defined
and an evaluation framework will be designed using common system engineering
methodologies. Artifacts involving semantic web technologies will be modeled using
standards approved by the World Wide Web Consortium (W3C) where possible.

3. Evaluation: As part of the Design Cycle, the proposed architecture will be
instantiated as a prototype and evaluated using the evaluation criteria defined during
the Relevance Cycle. For the evaluation of the solution, only functional requirements
will be taken into account, and non-functional ones such as performance will not be
considered in this thesis. To evaluate the overall approach, the evaluation rubric
published by Science Europe [Eur21] will be taken as a baseline to represent the
compliance requirements of funders in a case study.

4. Share Results: A solution for the given problem will be proposed and shared
with the RDA Active DMP interest group. The solution will be discussed and

7



1. Introduction

shortcomings, as well as possibilities for future work, will be identified.

1.5 Thesis Structure
The thesis is structured into the following chapters:

• Chapter 2 - Related Work: Introduces related work and provides a background
for the contributions of this thesis. In this chapter, we cover topics related to the
FAIR principles, implementation of these principles, implementation of correspond-
ing evaluators, and the topic of FAIR enabling resources. Furthermore, we cover
data quality dimensions found in literature and discuss associated developments,
including standards to express those measurements. We provide an overview of
semantic web technologies and their applications, as well as KG and SKGs. Fur-
thermore, we cover topics related to recent developments of maDMPs and how
DMPs fit into research data management workflows. We highlight the necessity of
maDMPs and present the DCS standard proposed by the RDA as well as possible
serializations and proposed extensions of this standard.

• Chapter 3 - Requirements: This chapter elaborates on the requirements of
a solution that provides indicators to measure quality aspects of maDMPs, by
providing use cases, functional requirements, as well as non-functional requirements.

• Chapter 4 - Conceptual Design: In this chapter we propose a framework
for the evaluation of maDMPs that covers the elaborated requirements for the
evaluation of DMPs as well as a proposal on how to provide measurements for
the given evaluation dimensions. To communicate the proposed solution, we build
upon tested methods to propose a comprehensive Enterprise Architecture (EA)
describing both the business as well as the information systems architecture.

• Chapter 5 - Implementation: In this chapter, we provide information on the
implementation of a prototype of the proposed reference architecture that covers
the proposed requirements. To provide a basis for the further evaluation of the
utility of the proposed solution, we implemented a case study for the automated
evaluation of funder requirements based on the Science Europe DMP evaluation
rubric and the evaluation dimensions proposed in this thesis.

• Chapter 6 - Evaluation: In this chapter, we evaluate the implemented prototype
to verify whether the solution fulfills the given requirements. In addition to
showing the efficacy of the prototype we provide illustrative examples of quality
measurements produced by the solution and evaluate the extent to which the DMP
evaluation goals of this thesis are covered. Furthermore, we evaluate the coverage
of DMP funder requirements and what level of automation of the Science Europe
evaluation rubric can be achieved.

8



1.5. Thesis Structure

• Chapter 7 - Conclusion and Future Work: In the last section, we draw
a conclusion and discuss the outcomes of this thesis. Lastly, we point to open
questions regarding the field of automated evaluation of maDMPs and outline
possibilities of future work in this field.

9





CHAPTER 2
Related Work

2.1 FAIR Data
The FAIR principles proposed by Wilkinson [WDA+16] describe quality standards for
digital objects with respect to findability, accessibility, interoperability, and reusability.
Since the original publication of the guiding principles, these concepts have been refined
into maturity indicators [Gro20] that can be used as a checklist for manual evaluation
of FAIRness as well as for automatic evaluation of digital objects using tools such as
F-UJI [DH20], FAIR-Checker [GRDL+23] or FAIR Evaluation Services [WDS+19]. In
the scope of DMPs, the Data Stewardship Wizard [PHS+19] provides a questionnaire
that maps the responses to the achieved FAIRness. In addition, tools such as FairSharing
help identify standards, databases, or repositories for certain disciplines [SMRS+19].

Since the publication of high-level FAIR principles by Wilkinson et al. [WDA+16] various
derivatives emerged, proposing different interpretations of these principles to fit the needs
of different communities, but can also lead to different evaluation results for the same
digital object. Moser et al. [MWH+23] summarize the developments of important FAIR
standards since the publication of the FAIR principles and provide a simplified overview
depicted in Figure 2.1. It depicts the FAIR Maturity Indicators MI by Wilkinson et
al. [WDS+19], the RDA FAIR Data Maturity Model, the FAIRsFAIR Data Object
Assesment Metrics, and the FAIR Metrics for EOSC as important developments in the
area of FAIR data.

2.1.1 FAIR Guiding Principles
The FAIR guiding principles introduced by Wilkinson et al. [WDA+16] are intended to
improve the infrastructure supporting the reuse of scholarly data with a focus on enhancing
the ability of machines to automatically find and use the data. The publication describes
the four foundational principles Findability, Accessibility, Interoperability and Reusability

11
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Figure 2.1: Simplified FAIR metrics overview [MWH+23].

and compared to other domain-specific publications relating to data management and
archival, the FAIR principles aim to describe domain-independent high-level guidance
to be applied on a wide variety of scholarly outputs. These high-level principles do not
suggest specific implementation choices so that different stakeholders can adapt them to
their need to fit a wide variety of technology choices and implementations.

Findability

The Findability principle concerns the location and possibility to access digital resources
and consists of four sub-principles F1, F2, F3, F4. By providing accurate and comprehen-
sive metadata and identifiers for digital objects, they can be discovered by both humans
and machines. To achieve findability, data should be appropriately described with rich
metadata, including information such as titles, descriptions, keywords, and identifiers.
In addition, persistent and globally unique identifiers should be assigned to datasets to
facilitate their citation and referencing.

F1 (meta)data are assigned a globally unique and persistent identifier

F2 data are described with rich metadata

F3 metadata clearly and explicitly include the identifier of the data it describes

12
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F4 (meta)data are registered or indexed in a searchable resource

Accessibility

The Accessibility principle promotes the ease with which data can be accessed and
obtained for both humans and machines and consists of two sub-principles A1 and A2
where A2 is further composed of A1.1 and A1.2. By ensuring that data is available in a
convenient and usable format, it can be retrieved and obtained by users with minimal
barriers. Therefore, data should be made openly available whenever possible, or access
should be granted through appropriate authorization mechanisms. Data should be
provided in formats that are widely supported and easily readable by both humans and
machines. In addition, access procedures, terms of use, and any necessary access controls
should be clearly defined and communicated to users.

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

Interoperability

The Interoperability principle promotes the ability of different systems, tools and resources
to work together effectively and seamlessly, facilitating the exchange and integration
of data, and consists of three sub-principles I1, I2, I3. By adopting and adhering to
common standards, formats, and vocabularies for data representation, structure, and
metadata, it is ensured that data can be combined and integrated from diverse sources,
enabling meaningful analysis, comparison, and synthesis across different datasets and
disciplines.

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

Reusability

The Reusability principles refers to the extent to which data can be effectively and
efficiently reused for different purposes beyond the original intention and consist of the
sub-principle R1 which is further divided into R1.1, R1.2, R1.3. It covers various aspects
that make data usable and valuable for subsequent analysis, research, and application.
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Priority Findable Accessible Interoperable Reusable Total
Essential 7 8 0 5 20

Important 0 3 7 4 14
Useful 0 1 5 1 7
Total 7 12 12 10 41

Table 2.1: Distribution of FAIR indicators proposed by the RDA [Gro20].

R1 meta(data) are richly described with 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 detailed provenance

R1.3 (meta)data meet domain-relevant community standards

2.1.2 RDA Maturity Model

The FAIR principles defined by Mark Wilkinson [WDA+16] have to be considered as
concepts instead of strict rules and may lead to diverse interpretations. In order to
provide a unification of different interpretations of the FAIR principles, the RDA therefore
established a Working Group (WG) titled FAIR data maturity. As a result, this WG
presented a set of indicators and maturity levels for these indicators, as well as a set of
guidelines and a checklist related to the implementation of these indicators [Gro20].

In total, the WG defined 41 indicators grouped into 3 different priority groups with the
distribution of indicators depending on the corresponding FAIR principles and priority
listed in Table 2.1. In addition to the description of the indicator, the WG also published
corresponding assessment details to provide guidelines for the implementation of the
indicators.

2.1.3 FAIRsFAIR Data Object Assessment Metrics

Devaraju et al. [DH21] developed object assessment metrics as part of the FAIRsFAIR
project to evaluate the extent to which digital objects adhere to FAIR principles. In
addition to the proposal of 17 metrics, listed in Table 2.2, they also published an
automated assessment tool to apply these metrics in practice. The metrics are based
on the indicators proposed by the RDA FAIR Data Maturity Model WG [Gro20] and
the work of other project partners and have been adapted based on feedback provided
by FAIR stakeholders. Compared to other FAIR guidelines that often rely on manual
questionnaires and checklists, the FAIRsFAIR Data Object Assessment Metrics define
practical tests and rationals for automated evaluation as well as a proof-of-concept
evaluation of an automated FAIR evaluator titled F-UJI.
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FAIR Principle Metric ID Description
F1 FsF-F1-01D data are assigned a globally unique identifier
F1 FsF-F1-02D data are assigned a persistent identifier

F2 FsF-F2-01M metadata include descriptive core elements to support
data findability

F3 FsF-F3-01M metadata include the identifier of the data they
describe

F4 FsF-F4-01M metadata are offered in such a way that they can be
retrieved by machines

A1 FsF-A1-01M metadata contain access level and access conditions of
the data

A1 FsF-A1-02M metadata are accessible through a standardized
communication protocol

A1 FsF-A1-03D data are accessible through a standardized
communication protocol

A2 FsF-A2-01M metadata remain available, even if the data are no
longer available

I1 FsF-I1-01M metadata are represented using a formal knowledge
representation language

I1 FsF-I1-02M metadata use semantic resources

I3 FsF-I3-01M metadata include links between the data and its
related entities

R1 FsF-R1-01MD metadata specify the content of the data

R1.1 FsF-R1.1-01M metadata include license information under which
data can be reused

R1.2 FsF-R1.2-01M metadata include provenance information about data
creation or generation

R1.3 FsF-R1.3-01M metadata follow a standard recommended by the
target research community of the data

R1.3 FsF-R1.3-02D data are available in a file format recommended by
the target research community

Table 2.2: FAIRsFAIR object assessment metrics [DH21].
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2.1.4 FAIR Metrics for EOSC

The Recommendations on FAIR Metrics for EOSC [fRaIECBA+21] investigates develop-
ments in the field of FAIR data and evaluates them in the context of the European Open
Science Cloud. In particular, the FAIRsFAIR project and the RDA maturity model have
been analyzed. As a result, the report proposes a set of recommendations on how FAIR
metrics should be implemented at the European and international levels.

2.1.5 FAIR Evaluators

To use FAIR metrics in practice tools and resources have been proposed to produce
FAIR measurements corresponding to the given FAIR metrics. FAIRassist 1 publishes a
list of currently availableFAIR evaluation resources, pictured in Table 2.3, distinguished
between automated, semi-automated, questionnaires and checklists. Furthermore, Krans
et al. [KAN+22] investigate the use of FAIR evaluation tools based on the experience of
individual researchers and give recommendations for both users and developers of FAIR
assessment tools.

An issue in the field of FAIR metrics and evaluators, as identified by Wilkinson et
al. [WSM+22] is the inconsistency of the results between different FAIR evaluators.
Not only from a technical standpoint does the format of results of different automated
solutions differ but different tools also provide different opinions on the same digital
objects which leads to frustration and confusion. This is due to the difference in the
underlying definition of FAIR metrics as well as to differences in the way the evaluators
are implemented. Moser et al. [MWH+23] provided a mapping, listed in Figure 2.2, from
different metrics to the evaluators that use them. It provides an overview of how popular
evaluators use different FAIR metrics that are nevertheless all derived from the FAIR
guiding principles.

2.1.6 FAIR Enabling Services

FAIR enabling services and repositories are essential for the development of FAIR
evaluators as they provide necessary information for the automated evaluation. According
to Devaraju et al. [DMC+21] such services could provide information of qualified
repositories, metadata standards, licenses, and policy registries. FAIRsharing [SMRS+19]
is such a FAIR enabling service and provides interlinked information on standards,
databases, and policies. By interlinking these concepts, FAIR evaluators can automate
certain tests by comparing metadata of a digital resource with the curated information
available on FAIRsharing.

1https://fairassist.org/
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Resource Automated Semi Automated Questionnaire Checklist
5 Star Data Rating Tool ✓

AutoFAIR ✓

CLARIN Metadata
Curation Dashboard

✓

Data Stewardship Wizard ✓

Do I-PASS for FAIR ✓

F-UJI ✓

FAIR Data
Self-Assessment Tool

✓

FAIR Evaluator ✓

FAIR Evaluation Services ✓

FAIR data
Self-Assessment Tool

✓

FAIR enough ✓

FAIR-Aware ✓

FAIR-Checker ✓

FAIRdat ✓

FAIRness self-assessment
grids

✓

FAIRshake ✓ ✓

FOOPS! ✓

FairDataBR ✓

GARDIAN FAIR Metrics ✓

HowFAIRIs ✓

O’FAIRe ✓

OpenAIRE Validator -
FAIR assessment

✓

PresQT (Preservation
Quality Tool)

✓

RDA Maturity Model ✓

TRIPLE Training Toolkit ✓ ✓

Table 2.3: Resources to measure and improve FAIRness [fai].
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Figure 2.2: FAIR metrics identified by usage in FAIR assessment tools [MWH+23].

2.2 Data Quality Dimensions

While FAIR metrics are concerned with the findability, accessibility, interoperability, and
reproducibility of digital objects, depending on the domain and technology in question,
there exists a vast variety of data quality standards. For the field of DMPs, to our
knowledge, there currently exists no literature on quality metrics, but for other fields
such as LD and data catalogs, previous work has been done that can be adapted to be
applied on DMPs. To that extent, Zaveri et al. [ZRM+15] conducted a systematic review
of approaches to assess the quality of LD. Following this summary, Martinez-Gill [MG23]
gives an overview of different data quality metrics for use in data catalogs, including
the one proposed by Zaveri et al. [ZRM+15] and ISO/IEC 25012 [iso] and proposed
an alignment. Extending this alignment we added the DMP review goals proposed by
Miksa et al. [MSS+23] and FAIR principles as pictured in Table 2.4. In the remainder of
this section, the corresponding alignments of the data quality dimensions concerning the
DMP review goals mentioned by Miksa et al. [MSS+23] will be put into context with
other proposed quality dimensions and further explained.
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Zaveri et al.
[ZRM+15] ISO 25012 [iso] Martinez-Gil

[MG23]
Miksa et al.

[MSS+23]
Wilkinson et al.

[WDA+16]
Accuracy Accuracy Accuracy Feasibility -

Completeness Completeness Completeness Completeness -
Consistency Consistency Consistency Feasibility -
Timeliness Currentness Timeliness - -
Availability Availability - Feasibility -

Accessibility Accessibility - Quality of
Actions Accessibility

- Portability Licensing Quality of
Actions

Accessibility,
Reusability,

Interoperability

Understandability Understandability Readability Quality of
Actions Interoperability

- Compliance - Guideline
Compliance -

- - Compatibility Quality of
Actions

Reusability,
Interoperability

- - Similarity - -

Table 2.4: Alignment of quality metrics proposed in the literature adapted from Martinez-
Gil [MG23].

2.2.1 Completeness

Miksa et al. describe the goal Completeness as "the coverage of all relevant aspects of
research data management in the DMP" [MSS+23]. In ISO/IEC 25012 [iso] Completeness
is defined as "the degree to which subject data associated with an entity has values for
all expected attributes and related entity instances in a specific context of use" [iso]. The
corresponding definition by Zaveri et al. is "The degree to which all required information
is present in a particular dataset" [ZRM+15].

2.2.2 Feasibility

Miksa et al. describe Feasibility as "the possibility to put all DMP content into practice
through concrete actions" [MSS+23]. There is no one-to-one mapping to the dimensions
listed in Table 2.4, but the quality metrics Availability, Consistency and Accuracy cover
parts of the feasibility dimension.

Availability

In ISO/IEC 25012 [iso] Availability is defined as "The degree to which data has attributes
that enable it to be retrieved by authorized users and/or applications in a specific context
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of use." [iso]. Similarly, Zaveri et al. define it as "the extent to which data is present,
obtainable, and ready for use."

Consistency

In ISO/IEC 25012 [iso] Consistency is defined as "The degree to which data has attributes
that are free from contradiction and are coherent with other data in a specific context of
use." [iso]. Zaveri et al. provide a definition more tailored to LD: "Consistency means
that a knowledge base is free of (logical/formal) contradictions concerning particular
knowledge representation and inference mechanisms" [ZRM+15]. Compared to the related
dimension of Compliance, Consistency is only concerned with finding logical errors, while
Compliance refers to the verification of constraints regarding the semantics of the data.

Accuracy

In ISO/IEC 25012 [iso] Accuracy is defined as "the degree to which data has attributes
that correctly represent the true value of the intended attribute of a concept or event in a
specific context of use." [iso]. Zaveri et al. coin the narrower term of Semantic Accuracy
as "the degree to which data values correctly represent the real world facts" [ZRM+15].

2.2.3 Quality of Actions

Miksa et al. define Quality of Actions as "the relevance and effectiveness of the actions
listed in the DMP and performed according to it" [MSS+23] and "assess whether what was
described can be or was (depending on the phase) implemented according to community
standards" [MSS+23]. Aligning dimensions from Table 2.4 are Accessibility, Portability
Licensing and Compatibility. These dimensions can be aligned with the FAIR principles
introduced in Section 2.1.

2.2.4 Non-ambiguity

Miksa et al. [MSS+23] define this goal with a DMP having clear and non-ambiguous
formulation, especially concerning the non-machine-actionable parts. Table 2.4 shows an
alignment with the Understandability dimension from Zaveri et al. [ZRM+15] and ISO
25012 [iso] and the Readability dimension from Martinez-Gil [MG23].

2.2.5 Guideline Compliance

Miksa et al. [MSS+23] mention the fulfillment of funder requirements as a review goal. In
ISO/IEC 25012 [iso] Compliance is defined as "The degree to which data has attributes
that adhere to standards, conventions or regulations in force and similar rules relating to
data quality in a specific context of use" [iso]. Foidl et al. [FBM21] propose to use the
conventions published by Science Europe [Eur21] as a guideline for maDMPs.
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Figure 2.3: RDF overview [CHWL14].

2.3 Semantic Web
The Semantic Web [BLHL23] is a concept for organizing and linking data on the Web in
a way that allows computers to understand and process it more efficiently. Standards
such as RDF and OWL are widely used, and the DCSO standard proposed by the RDA
[CCE+22] is expressed in the form of RDF triples as well. Previous work on maDMP
evaluation used this ontology and queried the graph representing a maDMP using
SPARQL [FBM21]. Recently, however, new technologies have emerged that are tailored
towards the use for validation of the semantics of these data structures [PK22, RLH22]
and with SHACL2 there also exists a W3C-approved standard for the validation of RDF
data.

2.3.1 Resource Description Framework
The Resource Description Framework (RDF) is a technology used to represent information
on the Web. It provides a standard way to describe resources and their relationships,
making it possible to share and integrate data across different applications, and is a
foundational technology in the W3C’s Semantic Web stack [CHWL14].

The basic building block of RDF is the triple, as shown in Figure 2.3. It consists of
three parts: subject, predicate, and object. The subject is the resource being described,
the predicate is the property or attribute of the resource, and the object is a value or
another resource. A resource in RDF is identified by a URI and can represent an arbitrary
real-world or abstract entity. In addition to resources, RDF can represent literal values
in the form of various data types.

2.3.2 OWL
Web Ontology Language (OWL) is a language for authoring ontologies and is built on
top of RDF. OWL is is part of the W3C’s Semantic Web technology stack and provides
a way to formally represent the meaning of terms and the relationships between them,
allowing machines to understand and reason about the semantics of information.

According to McGuiness et al.[MVH04], key characteristics include ontologies, which
are formal specifications of terms and relationships within a particular domain, classes
which represent sets of individuals and instances being specific members of those classes.
Furthermore, OWL supports the definition of properties, which represent relationships
between individuals. Properties can be used to model attributes, associations, and other
connections between entities. As a result, it enables automated reasoning, so that OWL

2https://www.w3.org/TR/shacl/
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ontologies can be used to infer new information, which enables machines to make logical
deductions on a given dataset. OWL operates under the open-world assumption, meaning
that the absence of information does not imply falsehood.

2.3.3 SPARQL

SPARQL Protocol and RDF Query Language (SPARQL) is a query language designed
for querying and manipulating RDF data with a syntax similar to SQL but adapted
for RDF graphs. SPARQL queries are constructed using triple patterns, which consist
of subject-predicate-object combinations to match specific parts of RDF triples in the
dataset. SPARQL also supports aggregate functions to perform calculations on the results
of the query.

2.3.4 SHACL

SHACL is a W3C recommendation for the validation of RDF graphs. SHACL shapes
are templates specifying the structure of RDF graphs and define the presence and
characteristics of nodes and arcs. It includes node constraints, property constraints, value
constraints, and complex constraints that ensure that a RDF graph meets the intended
structural and semantic requirements. SHACL can also be used for inferencing, resulting
in the deduction of additional information based on the specified shapes and constraints.

2.3.5 Data Quality Indicator Frameworks

Besides FAIR evaluators there also exist tools for the evaluation of data structures
for other domains. Especially the field of evaluation of the quality of linked data is
significant for this thesis, as the availability of the DCSO DMPs can be interpreted
and evaluated with respect to linked data quality metrics. Zhang et al. [ZBC23] give
an overview of the existing approaches of RDF validation, listed in Table 2.5 which
includes their own proposal3, Luzzu4 and RDFUnit5. Besides those frameworks in the
comparison, there exist a wide variety of different metrics and frameworks such as the
Piveau Metrics [WKJ+23, KSD+20] for evaluation of the quality of open data catalogs
and SemQuire [LSGG18] for the assessment of linked data, DQFIRD [XXWT16] for
quality-based ranking of datasets, and a framework by Weikopf et al. [WW13] for the
assessment of health record data quality.

The approaches are manifold and sometimes tailored to a specific domain, but as the
comparison by Zahng et al. [ZBC23] in Table 2.5 shows that semantic web technologies
are widely used in the evaluation of data quality.

3https://github.com/sxzhang1201/assess-rdf-resource
4https://github.com/Luzzu/Framework
5https://github.com/AKSW/RDFUnit
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RDFUnit Luzzu Zhang et al [ZBC23]
Purpose Proposal of a framework

based on the data quality
integrity constraints
(represented in SPARQL
patterns)

Proposal of a semantic
framework based on
Dataset Quality Ontology
(daQ)

Proposal of an automated
approach to assess the
foundational
characteristics as the
starting point for linked
data quality assessment

Novelty Use of SPARQL pattern Add semantic layer and
quality metadata to
assessment framework

Focus on foundational
aspects

Table 2.5: Comparison of Data Quality Evaluation Frameworks by Zhang et al. [ZBC23].

2.3.6 Data Quality Vocabulary
The Data Quality Vocabulary (DQV) developed by the Data Web Best Practice working
group of W3C [AI20] is a RDF vocabulary for describing data quality information. Figure
2.4 shows the main components and their relationships with each other. Most of the
proposed concepts are adapted from existing vocabularies such as DCTERMS 6 for
interoperable metadata and PROV 7 to include provenance information.

DQV itself does not propose a specific definition of quality metrics, but rather a framework
to define metrics and their dependencies depending on the use case. In this regard, it
defines the four main entities QualityMeasurement, Metrics, Dimension and Category as
listed in Table 2.6.

2.4 Scientific Knowledge Graphs
Knowledge graphs are networks of entities and relationships, usually expressed in W3C
standards such as OWL and RDF. The term Scientific Knowledge Graph (SKG) in
particular refers to infrastructures representing scholarly knowledge in a structured,
interlinked and semantically rich way describing various actors, documents, and research
knowledge, as well as their reciprocal relationships [skg]. Additionally, services, such as
the OpenAire Research Graph [ope] and the Dataset Knowledge Graph [FL21] aggregate
information from different resources into a uniform SKG to provide a standardized
gateway to research information.

In addition to the OpenAire SKG and Dataset Knowledge Graph, there exists a wide
variety of SKGs covering different categories and needs. But, as Aryani et al.[AFM+20]
point out, this fragmentation also poses challenges when working with them. The key
challenge they point out is the lack of a classification framework and an interoperability

6https://www.dublincore.org/specifications/dublin-core/dcmi-terms/
7https://www.w3.org/TR/prov-o/
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Figure 2.4: Data Quality Vocabulary (DQV) [AI20].

RDF Class Definition
dqv:QualityMeasurement The result of evaluating a dataset against a specific

metric. It includes the value of the metric and any
associated information.

dqv:Metric A quantitative measure or characteristic used to
express a specific aspect of data quality.

dqv:Dimension An aspect or category of data quality that can be
measured using one or more metrics. Dimensions
provide a way to organize and categorize metrics.

dqv:Category Represents a group of quality dimensions in which a
common type of information is used as quality
indicator.

Table 2.6: DQV classes and definitions [AI20].
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framework to foster seamless exchange between various initiatives. Figure 2.5 shows as a
result of this initiative the classification of different knowledge graphs based on available
research entities, their applications, connected data sources, added value, data export
possibilities, FAIRness and openness. The SKGs included in the comparison include,
in addition to the OpenAire Research Graph, the PID graph 8, the Open Research
Knowledge Graph (ORKG) 9 the Research Graph 10 and ScholeXplorer 11.

2.5 Data Management Plans
DMPs are becoming increasingly important for various stakeholders involved in RDM
[Mic15, WBNZ17, HVMS19]. The general goal of a DMP is to document and describe
how data will be handled during a project and how it will be treated after the project
ends. As such, they typically cover various stages in the data life-cycle beginning with
data discovery and the successive stages of collection and organization, quality assurance,
documentation until data preservation and sharing with others. Michener et al. [Mic15]
align the research with the data life-cycle, as shown in Figure 2.6. Depending on the
corresponding step in the research cycle, in the data life-cycle researchers typically outline
how data will be managed during and after the project, discover and acquire existing
data, collect and organize new data, assure the quality of the data, describe the data
with metadata, use the data in their research, and lastly preserve and share the data
with others. For each step in the data lifecycle (B), a yellow circle is added providing
references to the 10 rules for creating a good DMP [Mic15].

Depending on the given requirements of stakeholders, different data life-cycle models
exist, as outlined by Ball et al. [Bal12] in their review of data management life-cycle
models. Popular models include the DCC Curation Lifecycle Model, the I2S2 Idealized
Scientific Research Activity Lifecycle Model, and the DDI Combined Life Cycle Model.
What they have in common is that they provide a structure for the many operations that
are being performed during the different stages a data record undergoes in its lifetime.
This structure makes it easier to prepare many curatorial actions because they have been
explicitly prepared for in advance. Furthermore, certain funders and other funding bodies
require a DMP to be actively updated during the different stages of the data life-cycle
and require a copy of this document at different stages of the research cycle, such as for
grant approval.

2.5.1 Machine Actionable Data Management Plans
As outlined in Section 1.1, DMPs are often a requirement by funding bodies when
applying for a research grant. But the utility of traditional DMPs is limited because they
are usually static documents answering questions from a given template and therefore

8https://www.project-freya.eu/en/pid-graph/the-pid-graph
9https://orkg.org/

10https://researchgraph.org/
11https://scholexplorer.openaire.eu
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Figure 2.5: Classification of SKG initiatives [AFM+20].
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Figure 2.6: Relationship of the research life cycle (A) to the data life cycle (B) [Mic15].

are not machine-actionable. As a result, they do not provide the benefits discussed in
Section 2.5 regarding integration and automation of research data management and have
often been seen as a burden and additional paperwork by researchers. The Research
Data Alliance (RDA) recognized the importance of providing a standard to make DMPs
machine actionable so that systems can exchange and act on information about the data
used and produced by researchers, and proposed ten principles, shown in Figure 2.7, to
put maDMPs into practice and realize their benefits. [MWN+21].

Since the proposal of machine-actionable DMPs [MSMJ19, SJMM17] and the publication
of the corresponding application profile by Miksa et al. [MWN+21] work has been
conducted to utilize machine actionability. As such, different tools, summarized and
compared by Jones et al. [JPH+20], have been published that help researchers create
and manage DMPs while other solution aim to use DMPs as a central information hub
in the management of research data [MOR22, OMK, MRGB17].

RDA DMP Common Standard Application Profile DCS

Miksa et al. [MWN+21] describe the DCS application profile for maDMPs which has
been developed by the RDA DMP Common Standards Working Group, with the goal of
representing information over the entire DMP life-cycle in a machine actionable format.
Figure 2.8 shows the main concepts used in the application profile. Each of these
concepts contains additional properties, as can be seen in Listing 2.1, which presents an
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Figure 2.7: Ten principles for machine-actionable data management plans [MSMJ19].

Figure 2.8: Application Profile for maDMPs [MWN+21].

example minimal maDMP in JSON notation that is compliant with the DCS application
profile. Each concept defined in the application profile can contain other concepts in
the specified multiplicities with the DMP concept being the root entity. Furthermore,
the application profile defines the necessary properties in a concept, together with the
data type, multiplicities, and allowed values. Where possible, those values follow some
standardized controlled vocabulary.
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1 {
2 "dmp": {
3 "title": "Minimal DMP",
4 "contact": {
5 "contact_id": {
6 "identifier": "0000-0002-5164-2690",
7 "type": "orcid"
8 },
9 "mbox": "moritz.staudinger@tuwien.ac.at",

10 "name": "Moritz Staudinger"
11 },
12 "created": "2023-10-23T10:10:23.6",
13 "dmp_id": {
14 "identifier": "10.5281/zenodo.13119047",
15 "type": "doi"
16 },
17 "dataset": [
18 {
19 "dataset_id": {
20 "identifier": "10.5281/zenodo.4699026",
21 "type": "doi"
22 },
23 "title": "Results: Analysis of Performances of kNN
24 and Random Forest",
25 "personal_data": "unknown",
26 "sensitive_data": "unknown"
27 }
28 ],
29 "ethical_issues_exist": "unknown",
30 "language": "eng",
31 "modified": "2023-10-23T10:10:23.6"
32 }
33 }

Listing 2.1: Example of a minimal DCS compliant maDMP in JSON notation.

The complete application profile including the full definition of concepts and detailed
specification on included properties, allowed values from controlled vocabulary, as well as
their data types and multiplicity is published in the repository of the work group 12.

Persistent identifiers (PIDs)

Miksa et al. [MSMJ19] propose 10 principles to put maDMPs into practice and realise
their benefits. As stated in principle 5, maDMPs should make use of PIDs and controlled

12https://github.com/RDA-DMP-Common/RDA-DMP-Common-Standard
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vocabularies wherever possible. PIDs provide a way to identify and locate resources
and can refer to people and publications, as well as datasets, file types, repositories,
organizations, policies and other elements of the research data ecosystem. The benefit of
those persistent identifiers is that they are a permanent, unique reference to a digital
resource. Compared to other resource locators, persistent identifiers promise to reliably
provide references to a digital entity that do not break over time. Registration agencies,
such as Crossref 13 and DataCite 14 for DOIs, register the identifiers together with
metadata and citation information [pid].

DSCO Ontology of the RDA DMP Common Standard

The DMP Common Standard (DCS) by the RDA is a technology agnostic specification
and does provide any recommendation on underlying technologies. As a result, there
does not exist an explicit specification of the underlying data model, as well as instances
of recommended controlled vocabularies. Lastly, there is no clear recommendation on
how to provide extension while distinguishing between core specification and extension.

To address these points, Cardoso et al. [CCE+22] propose the DMP Common Standard
Ontology (DCSO), a RDF serialization of the DCS application profile. With this imple-
mentation, semantic web technologies can be used for validation, and SHEX validation is
provided for the ontology [CPB20].

DCS Funder Extension

The DCS application profile has originally been developed as an information exchange
format. Because of that initial requirement, the standard is intentionally kept as minimal
as possible and only contains information deemed essential for its purpose. But in the
initial proposal also the need for a broader range of use cases has been recognized and the
possibility of extensions has been discussed. With the introduction of DCSO there exists
an implementation of the application profile that naturally enables the integration of
extensions through the use of namespaces to adapt a DCS maDMP to various use-cases.

Cardoso et al. [CJM+20] proposed an extension with the aim of increasing coverage
on the most prominent DMP funder templates as a result of the RDA Hackathon on
machine-actionable Data Management Plans that took place between 27th and 29th
May 2020. They considered the H2020 DMP Template15, the Science Europe Core
Requirements for Data Management Plans16, the National Science Foundation (NSF)
GENERIC Core Requirements for DMPs Questions17 and the U.S. Geological Survey

13https://www.crossref.org/
14https://datacite.org/
15https://ec.europa.eu/research/participants/data/ref/h2020/other/gm/

reporting/h2020-tpl-oa-data-mgt-plan-annotated_en.pdf
16https://www.scienceeurope.org/media/jezkhnoo/se_rdm_practical_guide_final.

pdf
17https://www.nsf.gov/pubs/policydocs/pappg19_1/pappg_2.jsp#IIC2j
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2.5. Data Management Plans

Figure 2.9: DCSO Ontology [CCE+22].

(USGS) Data Management Plan Review Checklist18. The recommendations resulting
from this hackathon are summarized in this section.

Proposed Changes of the DCS Standard Table 2.7 shows the proposed changes
of properties in the entity dataset. The field data_quality_assurance has been changed
from a String to a nested data structure data_quality_assurance, listed in table 2.8 with
carnality 0..n. This new entity provides a field to describe the method used in the quality
process, as well as 0..n references to external data quality assurance artifacts indicated
by data_quality_assurance_id.

Proposed Additions to the DCS Standard To further cover the requirements of
the investigated funders’ DMP templates additional objects, listed in Table 2.9, have
been proposed to be added to the suggested funder extension. The additions include a
data structure related_policy to refer policies relevant for the DMP, additional properties
appended to the entry dataset to specify if the given dataset is reused as well as its
target audience and a reference to a resource providing information about the employed
methodology in the scope of the dataset. In addition, extensions have been proposed for
the entry distribution to provide an explanation if the data cannot be shared openly.

18https://www.usgs.gov/media/files/usgs-data-management-plan-review-checklist
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Name Description Previous
Data Type

New Data
Type Multiplicity

Dataset

data_quality
_assurance

Provide any
information on
the measures

taken during the
research process

to ensure the
data quality.

String Nested Data
Structure 0..n

Table 2.7: Proposed changes of properties in dataset [CJM+20].

Name Description Data Type Multiplicity
data_quality_assurance

description Free text to describe a method
used in the data quality process.

String 1

data_quality
_assurance_id Identifier for a Data Quality

Assurance artifact
Nested

Data-Structure
0..1

data_quality_assurance_id
identifier A unique identifier for a Data

Quality Assurance artifact
String 1

type Identifier type String 1

Table 2.8: Proposed additions to accommodate changes of the field data_quality
_assurance [CJM+20].

2.6 Discussion

In this chapter, we discussed related work in the scope of automated indicators for the
evaluation of DMPs as background for this thesis. As DMPs relate to a wide range of RDM
activities, a solution for the automated evaluation of DMPs requires knowledge of a wide
range of different topics. Among the included topics, we discussed methods and standards
available to measure the quality aspects of digital objects with a focus on research data.
To this extent, we outlined recent developments in the field of FAIR data as well as
more generic data quality initiatives such as DQV which is used mainly by linked data
evaluators to measure quality metrics with respect to data quality dimensions proposed
in ISO/IEC 25012. Despite a common underlying use case, publications related to DQV
[AI20] and FAIR data [WDA+16] use a different terminology. While DQV introduces
the terms Category, Dimension, Metric and Measurement, the FAIR community uses the
terms FAIR Principle, Indicator and Evaluation Method. In this discussion, we therefore
provide an alignment between those terms in order to provide a common ground to
enable the integration of both fields of quality evaluation into one coherent framework.
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Name Description Data Type Multiplicity
dmp

related_policy To link to all documents needed to be
compliant to requirements within this
DMP (e.g. legal, ethical, contractual,
guidelines, procedures, standards,...)

Nested Data
Structure

0..n

related_policy
description Description String 1

related_policy_id Related policy ID Nested Data
Structure

1

related_policy_id
identifier Identifier of the document String 1

type Type (e.g. URL, DOI) Nested Data
Structure

1

dataset
is_reused To explicitly indicate whether the

dataset is reused or was produced in
the course of research. Allowed values

are: reused, produced.

Term from
Controlled
Vocabulary

1

target_audience To state for whom this dataset can be
relevant.

String 0..1

methodology To describe methodology, procedures,
workflows, etc. on how the dataset is

created, can be recovered, ...

Nested Data
Structure

0..1

methodology
description Methodology, procedures, workflows,

etc.
String 1

methodology_id Identifier for a methodology artifact Nested Data
Structure

1

methodology_id
identifier A unique identifier for a methodology

artifact
String 1

type Identifier type String 1
distribution

restriction
_explanation To describe any reason why data

cannot be shared openly.
String 0..n

Table 2.9: Proposed additions to DCS to increase coverage of selected funder’s DMP
guidelines [CJM+20].
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Figure 2.10: Example of principles, metrics and tests as used in the Horizon 2020
FAIRsFAIR project [DH21].

Figure 2.10 shows the hierarchy of terms used by the Horizon 2020 FAIRsFAIR project,
which implements the FAIR principles outlined in Section 2.1. In this hierarchy, a FAIR
Principle groups Metrics and these metrics are further described by Practical Tests. In
more recent publications on FAIR principles the term Metric has been replaced with
Maturity Indicator MI. Wilkinson et al. [WDS+19] explain their purpose as to "describe
facets of FAIRness that can be objectively evaluated by a machine". Furthermore, the
RDA states, that Indicators aim to measure the state or level of a digital resource
concerning a specific FAIR Principle [Gro20].

The terms coined by DQV [AI20] and the RDA [Gro20], although different, describe the
same aspects in the evaluation and description of aspects of quality of digital objects.
The W3C DQV, presented in Section 2.3.6, uses the term Dimension to describe a level of
abstraction relatable to FAIR Principles and the term Metrics that can be compared to
FAIR Metrics or Maturity Indicators. In this thesis, we use the definitions of Metric and
Measurement from Albertoni et al. [AI20]. A Metric represents a standard to measure a
Quality Dimension, where a Quality Dimension represents criteria relevant for assessing a
quality aspect. A Measurement represents the result of a given dataset against a specific
metric.

In addition to these aligned terms, there are also concepts in DQV that are not covered
by FAIR and vice versa. DQV is more focused on providing a structure to store measured
metrics, while the FAIR community is more focused on describing what should be tested
and less focus is placed on the subsequent result. As a consequence the term Category
from DQV has no matching counterpart in the vocabulary used by FAIR evaluators
and the FAIRsFAIR project uses Practical Tests to further define how metrics and their
corresponding measurements are composed. Furthermore, the concept of defining tests is
not present in DQV but appears in some implementations of FAIR evaluators, such as
F-UJI.

Table 2.10 summarizes the alignment between these two approaches, as mentioned before.
For the remainder of this thesis, the aligned terms will be used interchangeably to simplify
the work with both data quality dimensions as defined in the DQV vocabulary as well as
with FAIR metrics.
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DQV FAIR
Category /

Dimension Principle
Metric Indicator

Measurement /
/ Practical Test

Table 2.10: Alignment of the terminology between DQV and FAIR.
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CHAPTER 3
Requirements

In this chapter, we discuss the requirements of a service for the automated evaluation
of DMPs and provide the necessary background for the later conceptual design of a
solution. In this regard, we will present requirements using a methodology which is
common for this kind of publication. This includes an analysis of stakeholders, followed
by the listing of use cases, and based on these use cases more fine grained functional and
nonfunctional requirements. The collected requirements represent an interpretation of
proposals found in previous work on the topic of maDMPs [SJM+18, MWN+21, FBM21,
MRGB17, SJMM17, CPB20, PHM23, MSMJ19, MSS+23] and from discussions with the
maDMP community, particularly in the scope of the OSTrails1 project.

As outlined in the comprehensive overview of Software Requirements Engineering by
Wiegers et al. [WB13], use cases specify how users and stakeholders interact with the
system to accomplish their objectives. Functional requirements are derived from these use
cases and provide a specification for the implementation. When testing the implemented
solution, it can be used to judge whether the use cases were properly implemented.
Non-functional requirements are not associated with the use cases and define how a
system should behave. To provide a uniform notation for the presented requirements
we make use of the MoSCoW notation which provides a prioritization method for the
communication of requirements.

3.1 Roles of Stakeholders
Miksa et al. [MSMJ19] identified nine stakeholders (Funder, Ethics Review, Legal Expert,
Researcher, Publisher, Repository Operator, Infrastructure Provider, Research Support
Staff, Institutional Administrator) with a role in realizing the maDMP vision depicted in
Figure 3.1. These stakeholders can be grouped into three different roles, DMP Maintainer,

1https://ostrails.eu/
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Figure 3.1: maDMP target audience [MSMJ19].

Reviewer, and Review Expert. As maDMPs are intended to be used as a common standard
to integrate different services into the RDM infrastructure, all stakeholders mentioned
above could assume any of those roles at different stages of the RDM lifecycle depending
on the specific use case.

3.1.1 DMP Maintainer

Stakeholders editing the information of a DMP can assume this role. This includes
researchers creating the DMP and adding information throughout the research, and other
stakeholders such as repository operators, infrastructure providers, and research support
staff providing information about their actions. Although stakeholders who have this role
do not necessarily have the goal of reviewing the content of a DMP, they still benefit
from the guidance provided by quality indicators.

3.1.2 Reviewer

Reviewers are the main group of stakeholders that the framework addresses. As mentioned
in Section 1.2, the motivation for this thesis comes from the lack of an automated approach
for the review of maDMPs. Reviewers should be assisted in the review process with
metrics that have been automatically produced by the solution.

3.1.3 Review System Facilitator

As mentioned in Section 1.2 the review of DMPs requires specific domain knowledge and
expertise that cannot be expected to be continuously available throughout the entire life
cycle of the research data for every stakeholder. The availability of different practices
and standards, depending on the research discipline, adds additional complexity to the
work of reviewers. Therefore, the purpose of the role of Review Expert in the context of
the proposed solution is to provide expertise during the configuration and integration of
the solution in the review process so that automated indicators can be created based
on this knowledge and other stakeholders lacking specific domain knowledge can benefit
from the information provided by those indicators.
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Figure 3.2: Use cases for the automated evaluation of DMPs.

3.2 Use Cases
Figure 3.2 shows the use cases of the proposed DMP evaluation solution that summarize
propositions identified from literature and results of informal discussions with members
of the OSTrails2 consortium. Although in Section 3.1 we identified 3 stakeholder roles
involved in the evaluation, all use cases of the proposed solution are relevant for any
of these roles, as the evaluation of DMPs is a cross-cutting concern for all stakeholders
involved with DMPs. There are three use cases that are relevant to an actor using the
proposed solution:

1. UC1 Generate Measurements: Actors generate quality measurements for a
given DMP which includes loading a maDMP from diverse sources and parsing it
into a normalized format. In addition, information from linked resources and other
data sources needed to generate measurements can be retrieved to provide context
for the evaluation, which is an extension of the base use case for measurement
generation. The process of generating DMP evaluation metrics depends on the
specific evaluation evaluation requirements, and the framework must accommodate
different scenarios based on the evaluation goals G1 - G4.

2. UC2 Retrieve Measurements: Actors retrieve the result of past evaluations
without the need to recalculate the measurements. Measurements should be stored
and made available to other actors and services.

3. UC3 Generate Evaluation Report: To assist reviewers in the evaluation of
DMPs, the system provides the ability to combine measurements to provide a higher-

2https://ostrails.eu/
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ID Title UC
FR1 Load maDMP UC1
FR2 Fetch Context UC1
FR3 Connect to SKGs and RepositoriesUC1
FR4 Export Context UC1
FR5 Produce Measurements UC1
FR6 Connect to External Evaluators UC1
FR7 Export Measurements UC2
FR8 Export Evaluation Metadata UC2
FR9 Generate Evaluation Report UC3
FR10 Aggregate Measurements UC3
FR11 Average Measurements UC3

Table 3.1: Functional Requirements.

level evaluation result. The aggregation of measurements includes the selection
of measurements based on a set of metrics, dimensions, or categories and the
calculation of the sum and mean value of these measurements. In addition to this
aggregation, the report contains other relevant information on the evaluation, such
as the evaluated domain, the context harvested, and the measurements generated
with their corresponding metric definitions.

3.3 Functional Requirements

Based on the definition of stakeholders outlined in Section 3.1 and the use cases for a
DMP evaluation solution presented in Section 3.2, in this section we will elaborate on the
functional requirements for the proposed solution to provide more precise requirements
for the implementation of a solution. Figure 3.1 summarizes the functional requirements,
which we will explain in the remainder of this section.

FR1 Load maDMP: The solution must be able to integrate arbitrary services that
provide DMPs and load those maDMPs so that they can be accessed by different services.

FR2 Fetch Context: The solution must be able to extend the information of the
given DMP with additional contextual data and store the result so that it can be accessed
in the future.

FR3 Connect to SKGs and Repositories: The solution must provide the possibility
to retrieve information from arbitrary SKGs and repositories independent of the underlying
API, data model and technologies.
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FR4 Connect to SKGs and Repositories: The solution must provide the possibility
to access the context that has been collected for a DMP.

FR5 Produce Measurements: The solution must provide the possibility to produce
quality measurements for DMP, given the maDMP to be evaluated, the data model
underlying the maDMP to be evaluated, information about what quality dimensions
should be included in the evaluation and contextual information for the given maDMP.

FR6 Connect to External Evaluators: The solution must enable the integration of
external evaluation services such as FAIR evaluators independent of their implementation
details.

FR7 Export Measurements: The solution must be able to store the quality mea-
surements and provide access so that other services can access them after the evaluation.

FR8 Export Evaluation Metadata: Not only is the result of the application of a
quality indicator of interest, but more information is needed to qualitatively represent
the evaluation output. Therefore, the solution must be able to provide access to further
evaluation metadata and provenance information.

FR9 Generate Evaluation Report: The system must provide the possibility to
generate evaluation reports from already existing measurements from a previous execution
of the DMP evaluation. These reports should collect all information resulting from the
evaluation, namely the evaluated DMP, the corresponding context, and the generated
measurements.

FR10 Aggregate Measurements: The system must be able to provide aggregations
on the generated measurements grouped by Metrics, Dimensions and Categories and
make these aggregations accessible to other services.

FR11 Average Measurements: The system must be able to provide mean values of
the generated measurements grouped by Metrics, Dimensions and Categories and make
those calculated averages accessible to other services.

3.4 Non-Functional Requirements
In this section, we will define non-functional requirements for the proposed solution. As
mentioned in Chapter 1 performance-related requirements are not of concern for the
proposed solution. In addition to that, certain requirements must be met to allow for
seamless integration of the evaluation solution in the RDM infrastructure.
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Extensibility DMP requirements vary depending on the reviewer and as outlined in
Section 2.5, depending on the concrete evaluation use case there exist different guidelines
that DMPs must comply with. Therefore, the solution should be able to provide a
mechanism so that the evaluation of metrics can be extended and adapted to the given
review requirements.

Furthermore, the landscape of data registries and SKGs providing data useful for evalu-
ation is vast, as outlined in Section 2.4 and it is not possible to assume the existence
of a data source that provides a single source of truth for all the information required.
Therefore, the solution should provide the possibility of integrating information from
various sources to enable the generation of measurements.

Lastly, DCS is intended to cover the minimal requirements of a maDMP to provide
interoperability between RDM systems. Stakeholders can provide extensions to meet
their needs as outlined in Section 2.5. Taking into account the existence of arbitrary DCS
extensions, the solution should provide indicators not only for the information contained
in the DCS standard but for the entire given DMP, including corresponding extensions
and, therefore, also needs to provide mechanisms to accommodate these DCS extensions.

Compatibility The DCS standard has been developed as a means to facilitate the
exchange of DMPs between different systems in the research data infrastructure. To
further preserve this aspect of interoperability, the artifacts produced by the solution,
such as evaluation metrics, should be maintained in a format that allows them to be
passed between systems together with their respective maDMPs.

3.5 Discussion
In this section we defined the requirements for a solution for the evaluation of DMPs. We
started by discussing identified stakeholders given from the literature and assigned them
roles in the context of the proposed solution. In addition, we outline the use cases of the
proposed solution and refined them into functional and non-functional requirements.

As the proposed deals with automated evaluation and assessment of DMPs, automation
bias could be a resulting issue that must be taken into account. Automation bias, as
described by Goddard et al. [GRW12] refers to the tendency of humans to rely excessively
on automated systems. Because of this trust in automated systems, bias can occur when
humans ignore or undervalue their judgment or information from other sources than
the automated system. Given that the solution proposed in this thesis aims to assist
reviewers in evaluating DMPs by providing automatically generated indicators, it is
necessary to mention how this system avoids the fallacy of automation bias.

The solution aims to provide indicators to reviewers so that they can make more informed
decisions when evaluating DMPs. Therefore, the indicators themselves should not express
opinionated values, but measurable facts and information relating the DMP to existing
standards or guidelines.
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Additionally, as indicators relate only to machine-actionable information, there is no ambi-
guity in the provided indicators. DMPs also contain non-machine-actionable information
that provides valuable insights for reviewers. In this solution, whenever free-form text is
encountered, only the ability to query it will be provided without further processing. The
possibility to provide metrics based on free-form text has been identified as a possible
future work in Section.

In summary, on the basis of the above arguments, the issue of automation bias will not be
considered in this thesis. Future work, however, especially when working with free-form
text, should verify if the arguments above are still applying and if not consider the effects
of automation bias.
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CHAPTER 4
Conceptual Design

In this chapter, a conceptual design of a software framework for the evaluation of DMPs
will be presented that addresses the requirements outlined in Chapter 3.5. To this regard,
different components and services will be presented and outlined how they are supposed
to be integrated with each other and what standards and interfaces are necessary to
facilitate the solution. To communicate the proposed conceptual design, we reuse existing
methodologies to present a reference architecture using common enterprise and software
architecture methodologies.

Giachetti et al. [Gia16] describe an Enterprise Architecture (EA) as a solution that
satisfies the requirements of all stakeholders of an enterprise regarding its information
technology architecture. An EA is a comprehensive strategy and integrated method that
organizations use to efficiently synchronize their business processes, information systems,
technology infrastructure and human resources with their overall goals and objectives.

Angelov et al. [AGG12] describe software reference architectures as standardized reusable
frameworks that provide guidance and best practices for designing and implementing
software systems within a particular domain or application area. These architectures
offer a structured blueprint consisting of components, patterns, and relationships that
represent the common characteristics and requirements of systems within that domain. A
software reference architecture can be part of an overall EA to further provide a structure
to describe the architecture of the included software components.

To describe the reference architecture proposed in this framework, we will make use of the
TOGAF EA framework 1 published by OpenGroup [The09] to provide a structure for the
description of the architecture. Furthermore, we will employ selected parts of the arc42
template, which is a framework for the description of software reference architecture, to
structure application architecture as part of the information systems architecture.

1https://www.opengroup.org/togaf
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Figure 4.1: Structure of the TOGAF Architecture Development Method [The09].

4.0.1 Enterprise Architecture

Figure 4.1 pictures the Architecture Development Method which shows the cycles that
TOGAF defines. These cycles provide a structured approach to the creation and man-
agement of enterprise architecture. As these cycles cover the entire process of an EA in
an organization, it also includes cycles regarding evolution and management which are
out of scope for this thesis. Therefore in this chapter we will only cover the following
steps of the method:

• B. Business Architecture: Focuses on understanding and documenting key
business processes. The resulting artifacts serve as a blueprint for aligning IT with
business needs.

• C. Information Systems Architecture: Involves designing the architecture for
individual application systems and includes the development of a data architecture
and application architecture to support the business architecture where the data
architecture defines the structure of the organization’s data and the application
architecture provides a blueprint for individual systems and the interaction between
them, as well as the relationship with the business processes of the organization.
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Figure 4.2: Structure of the arc42 Architecture Description Framework [GS22].

4.0.2 Software Reference Architecture Description

To describe the architecture of the proposed solution we utilize the software architecture
description template provided by arc422 which provides a structure to document software
architectures. Figure 4.2 summarizes the topics covered by the template, where for each
topic, the template provides suggestions on what should be documented, as well as how
the documentation can be communicated.

For this chapter only parts of the provided architecture description framework are required
to describe the proposed solution because requirements and other constraints are already
described in Chapter 3.5. In detail due to the scope of this thesis and this chapter, the
following parts of the template will be utilized:

• Context & Scope: Consisting of Business Context which specifies all communica-
tion partners with explanations of domain-specific inputs and outputs or interfaces,
and Technical Context to describe technical interfaces linking the system to its
environment.

• Building Block View: Provides the static decomposition of the system into
building blocks and helps maintain an overview of the technical aspects of the
solution by making its structure understandable through abstraction.

• Runtime View: Documents the behavior and interaction of the system’s building
blocks and serves as a companion to the static building block view.

2https://arc42.org/
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4.0.3 Modeling Language
A modeling language is a formalized way of representing systems, processes, or concepts
using symbols, diagrams, or other graphical or textual notations. These languages
are designed to facilitate the communication, analysis, design, and documentation of
complex systems in various domains, such as software engineering, systems engineering,
business processes, and more [Rum16]. The architecture frameworks mentioned in the
methodology of this chapter are agnostic to the underlying details of representation and
only provide guidance on the delivered artifact. To describe the included artifacts, we
therefore make use of UML as a modeling language for software architecture descriptions
as well as BPMN diagrams for the illustration of business processes.

4.1 Business Architecture
As part of step B. Business Architecture of the TOGAF EA architecture development
method, in this section, we present the business workflows of the proposed framework
using Business Process Model and Notation (BPMN)3 which is a standard notation for
describing business processes. These business processes are derived from the use cases
defined in 3.2 and focus not only on the execution of the solution itself, but also highlight
the processes involved in specifying and configuring these automated processes. Figure
4.3 shows a high-level overview of the business processes involved, which are:

1. Evaluator Configuration: Review experts configure the solution, providing
domain knowledge that allows later measurement generation. This includes the
definition of metrics and the evaluation context, as well as the configuration of
evaluation methods.

2. Evaluation: The solution automatically generates indicators on a given DMP
based on the configuration resulting from the process Evaluator Configuration.

3. Evaluation Report: To integrate the solution into the broader RDM infrastructure
of an institution, the solution provides access to the generated indicators in a
standardized format as well as methods to query individual measurements and
aggregated information of these measurements.

These three processes are composed of further sub-processes, which will be explained in
the remainder of this section.

Figure 4.3: Overview of processes of the proposed solution.

3https://www.omg.org/spec/BPMN/2.0/
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4.1.1 Evaluator Configuration
The workflow of configuring the evaluation framework is pictured in Figure 4.4 and
consists of the following steps to be carried out by the domain expert:

Figure 4.4: Evaluator configuration process.

1. Define Evaluation Context: DCS DMPs contain references to external resources
that contain the mentioned information. In addition to explicit references to other
data sources, the information contained in a DMP can be enriched with information
from a variety of resources which have to be identified and mapped.

2. Define Evaluation Metrics: Different stakeholders have different evaluation
and quality guidelines regarding DMPs and, therefore, no framework can produce
all the indicators required for the use cases of each reviewer. Therefore, in this
process, review experts define specific indicators and the respective unit of the
resulting measurements to cover their needs. Furthermore, as outlined in Section
2.5 DMPs can be available at different stages of the life cycle of research data,
containing different granularities of information, which also leads to the need to
provide different metrics depending on the lifecycle phase. Therefore, when defining
indicators, the lifecycle phase in which they can be measured should be taken into
account.

3. Configure Evaluation Methods: After the form of the required indicators is
defined, the semantics for creating measurements of them have to be specified.
To this regard, domain experts provide definitions for evaluators with the goal
of defining how quality measurements for the previously elicited metrics will be
produced.

4. Validate Configuration: Before persisting the configuration, it must be validated
itself to ensure that all the definitions in the configuration are consistent and
sufficiently cover the evaluation requirements.

5. Persist Configuration: At the end of the configuration workflow, the resulting
artifacts will be persisted in order to be used by the evaluation framework to provide
the specified metrics in subsequent business processes.

4.1.2 Evaluation
Given a valid configuration, the evaluation process shown in Figure 4.5 generates and
provides quality measurements for a given DMP. The following sub-processes are involved:
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Figure 4.5: Evaluation process.

1. Load Configuration: The configuration exported as a result of the Evaluator
Configuration workflow described in Section 4.1.1 will be instantiated and deployed
as part of the evaluation solution.

2. Load DMP: The DMP for which indicators should be provided will be loaded
into the environment.

3. Fetch DMP Context: The contextual information provided by the loaded
configuration will be fetched according to the given configuration.

4. Specify Lifecycle: As outlined in the Evaluator Configuration workflow, indicators
depend on the current lifecycle phase. Therefore, before generating any indicator
measurements, reviewers must provide the DMP lifecycle phase to apply the given
metrics.

5. Evaluation: This process produces the measurements for the given indicators
according to the given configuration.

6. Persist Measurements: At the end of the evaluation process, the measurements
will be stored together with the metadata of the corresponding metric.

4.1.3 DMP Evaluation Goals and Dimensions
Regarding the generated indicators, we propose a taxonomy of categories to dimensions
as pictures in Figure 4.6. These are based on the high-level evaluation goals outlined
in Section 1.1 where we listed some high-level goals regarding the evaluation of DMPs
based on the proposal by Miksa et al. [MSS+23] and Foidl et al. [FBM21] as motivation
for the proposed solution. Starting with the goals Completeness, Feasibility, Quality of
Actions and Guideline Compliance we refined them into review dimensions, referring to
the quality dimensions described in Section 2.2 and FAIR principles presented in Section
2.1, and put them into the context of DMPs.

Although categories and dimensions can be deduced from previous work presented in
Section 2.2, metrics on the other hand, are highly dependent on use cases and the
given evaluation guidelines and requirements. Therefore, similar to the implementations
of the FAIR principles we propose a set of metrics to cover the given categories and
dimensions as a reference. Depending on the requirements at hand, these need to be
adapted and extended to fit individual evaluation requirements. Additionally, the result
of the evaluation given the same metrics is dependent on the implementation choices.
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G1 Completeness

G2 Feasibility

G3 Quality of Actions

G4 Compliance

Extension Completeness

DCS Completeness

Accuracy

Availability

Findable

Accessible

Interoperable

Consistency

Reusable

Guideline Compliance

DCS Compliance

Extension Compliance

Goal/Category Dimension

Figure 4.6: Categories and dimensions for maDMP evaluation.

Completeness In the scope of DCS DMPs, completeness can be further distinguished
by the standard used as the baseline for completeness. The RDA proposed DCS as a
minimal standard maDMP must comply to allow interoperability between RDM systems.
Therefore, completeness with respect to this standard is a dedicated review dimension,
namely DCS Completeness.

As DCS does not cover all aspects of individual stakeholders’ needs, Cardoso et al.
[CJM+20] have proposed extensions to increase the concepts a DCS DMP can cover.
Therefore, the completeness of a DCS DMP with regard to arbitrary extensions is
identified as a separate completeness dimension Extension Completeness.

Both completeness dimensions measure the extent to which necessary information is
present in the maDMP and to provide measurements for these dimensions, we propose
two metrics, M1 and M2, listed in Table 4.1. These provide indicators on the existence
of required entities and properties, respectively.
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Id Title Description Dimension
M1 Required Entity

Existing
Indicate that a required entity defined in
the schema is indeed present in the DMP DCS Com-

pleteness,
Extension

Completeness
M2 Required

Property
Existing

Indicate that a required property defined in
the schema is indeed present in the DMP

Table 4.1: Completeness Metrics.

Id Title Description Dimension
M3 Property

Matches Ground
Truth

Indicate that the value of a property is
correct if there is some reference data that

can be assumed to be true

Accuracy

M4 Existence of
Linked Resource

Indicate that a linked resource is accessible,
but not necessarily openly accessible

Availability

M5 Consistency
Constraint

Indicate that the DMP is consistent with
regard to a certain consistency constraint.

Consistency

Table 4.2: Feasibility Metrics.

Feasibility As described in Section 2.2, in the literature, this category is attributed to
the three quality dimensions Accuracy, Availability and Consistency. For each of these
dimensions, we propose Metrics as listed in Table 4.2.

Consistent with the definition given in Section 2.2, Accuracy refers to the degree to which
the data values correctly represent real-world facts. In the context of maDMP evaluation,
this implies comparing the values of the given maDMP with some ground truth. The
result of this comparison is indicated by Metric M3.

Availability in the context of DMP evaluation is the degree to which a resource referenced
in a DMP can be accessed. This is in contrast to the Accessibility principle of the FAIR
principles [WDA+16], which provides information on how easy it is to access and use the
data and focuses more on the available information describing accessibility properties of
the digital object. To indicate the resulting accessibility of a resource referenced by a
maDMP, we propose the Metric M4.

Lastly, Consistency, as outlined in Section 2.2 is concerned with the uniformity and
reliability of the given data, while Compliance indicates if rules and standards are followed.
We propose to measure the inconsistency with the Metric M5 by indicating if the DMP
fulfills a certain consistency constraint.

Quality of Actions In the data quality dimensions presented in Table 2.4 Accessibility,
Portability, Licensing and Compatibility have been identified as dimensions of the category

52



4.1. Business Architecture

Id Title Description Dimension
M6 DMP Achieved

FAIRness
Indicate the achieved value of a FAIR

Metric on the published DMP digital object

Findable,
Accessible,
Interopera-

ble, Reusable
(FAIR)

M7 Dataset Achieved
FAIRness

Indicate the achieved value of a FAIR
metric of a published dataset object

contained in the DMP
M8 DMP Expected

FAIRness
Indicate the expected value of a FAIR

metric of a DMP as given by some guideline
M9 Dataset Achieved

FAIRness
Indicate the expected value of a FAIR

metric of a dataset contained in the DMP
as given by some guideline

Table 4.3: Quality of Actions Metrics.

Quality of Actions. Because the dimensions included in this category are highly dependent
on the applicable community standards, we opted to use the dimensions Findable,
Accessible, Interoperable, and Reusable of the FAIR principles [WDA+16]. These principles
are already widely used in the assessment of the quality of a wide range of digital objects,
especially in the research domain. Therefore, there already exist different interpretations
that address the needs of different scientific communities, as described in Section 2.1. As
a maDMP references various digital objects for which FAIR measurements are already
available, the use of metrics based on FAIR principles enables compatibility with other
evaluation solutions.

Table 4.3 presents the types of metrics proposed for this quality category. When applying
FAIR metrics on DCS DMPs we propose to distinguish between quality measurements on
the DMP itself and measurements for the included datasets. Another distinction can be
made whether the given resource is published or not. In case the DMP is published, actual
FAIR metrics can be produced, and if not only predictions on the expected FAIRness
and guidance can be inferred.

Based on these distinctions, M6 indicates the achieved FAIR measurements on a published
DMP and M7 the achieved measurements on a published dataset referenced by the DMP.
Furthermore, M8 indicates the expected FAIR values of the DMP itself and M9 of a
dataset referenced in the DMP.

Compliance In the scope of DCS DMPs the Compliance of a DMP is dependent on
the given requirements. Therefore, we identified three categories of regulatory sources
that can provide compliance constraints for evaluation, which, in turn, constitute the
dimensions of this evaluation category:

• Guidelines: Guidelines regarding the contents of DMPs are published by various
entities such as funding bodies, universities and other stakeholders involved in the

53



4. Conceptual Design

management of research data. An example of a funder guideline is the Science
Europe Evaluation Rubric [Eur21], which provides the core requirements for DMPs,
criteria for the selection of trustworthy repositories, and guidance for researchers
to comply with organizational requirements.

• DMP Common Standard (DCS): maDMPs should follow a common data
model to allow interoperability. As DMP Common Standard (DCS) is the maDMP
standard endorsed by the RDA its constraints are compliance requirements for the
evaluation of maDMPs.

• DCS Extensions: As described in Section 2.5.1, the authors of the DCS application
profile for maDMPs recognized the need for extensions to the standard to cover
application specific needs.

To measure the degree to which these dimensions are fulfilled by a given maDMP we
propose 5 metrics, as listed in Table 4.4. M10 indicates if a multiplicity constraint is
fulfilled and an entity only has a defined number of properties of a type and likewise a
defined number of references to other entities. M11 indicates if an element of a maDMP
is in a set of values that are not allowed and analogously, M12 provides measurements
that indicate if an element is in a set of allowed values. M13 indicates if a value complies
with a given pattern, so that, for example, email addresses have a correct format.

If a compliance constraint does not fall into one of the aforementioned metric categories,
then it can be represented using M14 which provides the result of a general verification
of a guideline requirement. This, for example, can be the dependence of a value on the
range of another value in a DMP or some other condition that can be automatically
verified.

Non-ambiguity The review of non-ambiguity largely addresses parts of the DMP
that are not machine-actionable and therefore also introduces a higher possibility of
automation bias as outlined in Section 3.5. As only quality metrics relying on machine-
actionable information will be considered in this thesis, the dimension non-ambiguity will
not be included in the requirements but is listed as future work.

4.1.4 Evaluation Report
As a result of the business process Evaluation presented in Section 4.1.2 the solution
can provide a set of indicators measuring different quality aspects of the DMP. The
measurements alone, while containing all information resulting from the application of the
evaluation solution, may not provide immediate benefits to the stakeholder because of their
format, which is tailored to be consumed by machines. To provide a measurable result,
these measurements can be aggregated to provide an Evaluation Report to reviewers.
Figure 4.7 shows the business process associated with the provision of these reports,
including the following steps:
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Id Title Description Dimension
M10 Multiplicity

Constraint
Indicate that a certain multiplicity
requirement given by a guideline is

fulfilled

Guideline Compliance,
DCS Compliance,

Extension Compliance

M11 Blacklist
Vocabulary
Constraint

Indicate if the value of the property
is not blacklisted

M12 Whitelist
Vocabulary
Constraint

Indicate if the value of a property is
in a list of allowed values

M13 Value
Pattern

Constraint

Indicate that the value matches a
given predefined pattern

M14 Guideline
Verification

Indicate that the DMP meets a
requirement of a given guideline

Table 4.4: Compliance Metrics.

Figure 4.7: Evaluation Report Process.

1. Load Measurements: The quality measurement of an evaluated DMP will be
fetched from storage.

2. Generate Report: A report will be generated by selecting measurement for
certain metrics, dimensions, or categories and aggregating and averaging their
values.

3. Share Report: Finally, the selected indicators together with the previously
calculated aggregations and averages will be exported for further use.

Debattista et al. [DLA14] propose a solution to query aggregated metrics derived
from base metrics which we adapt to fit the requirements of this solution. Based on the
description of the evaluation result in the Evaluation business process presented in Section
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4.1.2, the solution assigns individual measurements to metrics, dimensions and categories.
In the following, we describe how the aggregations and averages for these aspects can be
calculated to provide interpreted results v of the given quality measurements:

Measurement Assignment The function F produces the value of a metric m, which
is either a number N, a string S or a boolean value B. String measurements are not
suitable for further processing, but numbers and Boolean values will be included where
Boolean values will be assigned to false → 0 and true → 1.

v : Fm → {N ∪ B}

Aggregation and Average of individual weighted Measurements The most fine-
grained aggregation is over weighted individual measurements m, where each measurement
mi can be assigned a weight mi, which is equal to m = 1 by default.

v(mi) = wi ∗ v(mi)

The sum of those weighted measurements �n
i=1 v(mi, wi) determines a score that provides

a measurable and comparable value across a range of metrics and can be used further to
calculate the weighted arithmetic average (�n

i=1 v(mi, wi))/n.

Aggregation and Average of Measurements over a Dimension Similarly, as with
metrics, reviewers might want to get a score in a less fine-grained manner by aggregating
values over certain dimensions D while evenly applying weight m.

v(D, w) =
�

m∈D v(m, w)
|D| = w ∗

�
m∈D v(m)

|D|

Aggregation and Average of Measurements over a Category The highest level
of abstraction is a Category C where each category can include multiple Dimensions
D. Similarly to aggregating the metrics of a Dimension, given a weight w the weighed
average v(C, w) for Measurements in a Category can be calculated as follows:

v(C, w) =
�

D∈C v(D, w)
|C|

4.2 Data Architecture
As part of step C. Information Systems Architecture of the TOGAF EA framework,
in this section we will propose reference models for data structures relevant to the
identified business processes, especially regarding communication with external partners
and services. This includes data structures to communicate measurements, as well as
methods to assign contextual information to a DMP. To represent the proposed conceptual
data models, we will use UML class diagrams.
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4.2.1 DMP Quality Vocabulary
The primary output of the evaluation of a maDMP in the scope of the solution proposed
in this thesis are quality measurements representing instances of quality metrics. In
this Section, we determine the requirements of a data structure describing the result of
the evaluation of a DMP. To capture the requirements, we outline a set of competency
questions listed in Table 4.5 that should be answered with the provided information. This
includes information on the measurements themselves, the corresponding metadata to
refer to the respective evaluated part of the maDMP, the associated metrics, dimensions
and categories, and the provenance information from the evaluation.

Based on these competency questions, we modeled a data structure, shown in Figure 4.8
that provides answers to the given competency questions in order to provide a standard
for storage and sharing of the results of the evaluation of a DMP. Table 4.5 additionally
indicates which part of the model references which competency question. While designing
this conceptual data structure, we focused on building upon existing standards. Therefore,
the core of this model is based on the Data Quality Vocabulary (DQV) which is a W3C
standard to describe data quality measurements. As such, it reuses definitions from other
schemas such as Dublin Core (DC) and the PROV Vocabulary (PROV). We extended
it with additional elements, to cover the specific requirements for representing DMP
measurement results. Given that this data structure is an extension of DQV, we refer to
the model as Data Management Plan Quality Vocabulary (DMPQV).

The core of the proposed data structure is a Metric, which provides information on what
is being measured and how to categorize a measurement regarding its Dimension as well
as Category. A Metric further provides information on the expected data type and value
ranges. It could be that there exist metrics which, while measuring an aspect of the
same dimension, form their own subgroup, and therefore these metrics can be assigned
to a MetricGroup. Metrics specify a quality aspect of a DMP but can be a result of
the application of individual tests, which are specified by a MetricTestDefinitions. A
Metric is a template for a QualityMeaurement, which provides a value for the defined
metric at a given LifecycleStage of a DMP and also provides a reference to individual
TestResult instances. Quality Measurements point to the part of the maDMP which has
been evaluated, which can be an entity or a specific value of an entity. Furthermore,
Quality Measurements can refer to Guidance to provide suggestions for improvements, as
well as to provenance information from the evaluation provided by SoftwareAgent.
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Table 4.5: Competency questions for a vocabulary describing the results of a DMP
evaluation.

ID Competency Question Term in DMPQV
1 What is the Dimension of a Metric? Metric/inDimension
2 How can be dealt with more

fine-grained definitions of
dimensions?

Dimension/hasSubdimension

3 What is the Categoy of a Metric? Dimension/inCategory
4 What is the coresponding metric

definition of a measurement?
QuallityMeasurement/isMeasurementOf

5 How can metrics be uniquely
identified?

Metric/identifier

6 If a Dimension contains metrics
from different tools, how can they

be distinguished?

Metric/inMetricGroup

7 What is the expected data type of
a metric?

Metric/expectedDataType

8 What are the expected values of a
metric and how should they be

interpreted?

Metric/valueUpperBound
Metric/valueLowerBound

9 At what stage of the data lifecycle
can a metric be applied?

Metric/applicableLifecycle

10 If a metric is an aggregation and
composed of individual tests, how
can this dependency be described?

Metric/hasTestDefinition
MetricTestDefinition/identifier

11 What is the expected data type of
the individual tests?

MetricTestDefinition/expectedDataType

12 How should the value of an
individual test be interpreted?

MetricTestDefinition/valueUpperBound
MetricTestDefinition/valueLowerBound

13 What is the resulting value of a
quality measurement?

QualityMeasurement/value

14 For what entity of a madmp has
the measurement been calculated?

QualityMeasurement/computedOn
DMPLocation/identifier
DMPLocation/entity

15 Does this this measurement refer to
a specific property of the entity for

which it has been calculated?

DMPLocation/property

Continued on next page
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Table 4.5: Competency questions for a vocabulary describing the results of a DMP
evaluation. (Continued)

16 What is the corresponding metric
of a measurement?

QualityMeasurement/isMeasurementOf

17 When was the measurement
computed?

QualityMeasurement/generatedAtTime

18 At what stage of the data life cycle
has the value been computed?

QualityMeasurement/appliedAtLifecycle

19 If there are recommendations on
how to act on the result of the

metric, what are they?

QualityMeasurement/hasGuidance

20 What agent generated the
measurement?

QualityMeasurement/wasAttributedTo

21 If there are any associated test
results of the measurement, what

are they?

QualityMeasurement/hasTestResult

22 What is the value of a test result? TestResult/value
23 What is the corresponding

definition of a test result?
TestResult/hasTestDefinition

4.2.2 Evaluation Context
As DCS maDMPs contain references to external sources in the form of PIDs and
other identifiers, we recognized the the need to resolve these references to provide an
evaluation context for further evaluation of the maDMP, which has also been identified
as a requirement of the proposed solution in Chapter 3.5. We propose to provide a
standard representation of this context to complement DCS DMPs. To that extent,
Table 4.6 represents the requirements of such a data structure in the form of competency
questions that should be answered with the information contained in a data structure
providing maDMP context. Figure 4.9 shows the proposed data structure that satisfies
the competency questions, and the corresponding terms are also indicated in Table 4.6.

The main element of this conceptual component is Context. This conceptual element
contains the data itself, which can be of arbitrary nature. To allow the interpretation
by a consumer, a reference to the schema used is provided by the Vocabulary element.
In addition, the context element also provides provenance information from which the
information is gathered by referencing a Source component. Finally, a context has to be
anchored with some entity or property of a maDMP which is made possible by linking to
a DMPLocation component that holds the necessary information to address a DCS DMP.
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Figure 4.8: Depiction of the proposed Data Management Plan Quality Vocabulary
(DMPQV) to describe DMP quality measurements based on the Data Quality Vocabulary
(DQV) [AI20].
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ID Competency Question Term in Context
Vocabulary

1 What data is provided by the context? Context/data
2 Where has the information been sourced from? Context/hasSource
3 How is the data structured and what is contained in it? context/hasVocabulary
4 To what part of the DMP does the context refer? Context/hasDMPReference

Table 4.6: Competency questions for a vocabulary to describe contextual information of
a DMP.

DC PROV

DMPCONTEXT

Legend

DMPLocation

identifier

entity

property

1..*

1..*

hasDMPReference

Context

value

Vocabulary

identifier

1

hasSource 1..*
Source

identifier

1

hasVocabulary

Figure 4.9: Depiction of the proposed vocabulary to describe DMP context.

To model the proposed DMP context model, we propose to reuse the existing vocabulary
from the DC and PROV vocabularies as shown in the legend added to Figure 4.9. The
choice of vocabulary used for the value of the context itself is left open by design, but
when implementing a concrete context instance, we recommend using existing definitions
such as those provided by schema.org4 in the spirit of the FAIR principles to foster
interoperability.

4https://schema.org/
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4.3 Application Architecture
The second aspect defined in step C. Information Systems Architecture of the TOGAF
EA framework is the description of an Application Architecture. To that extent, we
chose to present this architecture using elements of the arc42 template for architecture
communication and documentation. Following that template, in Section 4.3.1 we will
provide an overview of all communication partners, in Section 4.3.2 we will provide a
static decomposition of the system and lastly in Section 4.3.3 we describe the behavior of
these building blocks as scenarios covering important use cases from the requirements
given in Chapter 3.5.

4.3.1 Context and Scope
According to the arc42 documentation [GS22], system scope and context delimits the
system from communication partners and therefore specifies the external interfaces. In
this section, we provide business context by specifying the communication partners with
explanations of domain-specific inputs and output interfaces with the goal of providing a
common understanding of which data are exchanged with the environment of the system.

Table 4.7 provides an overview of the actors and systems with which the proposed solution
will interact and provides a description of the expected exchanged information. These
services are not part of the proposed software architecture itself, but part of the reference
architecture for the evaluation DMPs.

4.3.2 Building Block View
To show the static decomposition of the system into building blocks and to make the
structure of the proposed DMP evaluation framework understandable through abstraction,
Figure 4.10 shows a high-level overview of the services included in the proposed system,
as well as the connections between them. In the remainder of this section, we give an
overview of the components of the proposed framework, including a description of their
purpose, exposed interfaces, and interactions with external actors and services. Some
components are composed of sub-components for which we also provide more detailed
explanations.

DMP Loader

This component is responsible for connecting the DMP evaluation framework external
DMP Sources and providing the information contained in these sources in the form of
the DMP itself and the associate DCS ontology and ontologies of included extensions.
In addition to providing access to this information, this component is also responsible
for normalizing the DMP into the agreed DCS format. As a result, the component
provides the normalized maDMP as well as the underlying DCS ontology and extension
ontologies and abstracts the interaction with the DMP Source. To provide access to this
collected information to other components in the framework, the DMP Loader exposes the

62



4.3. Application Architecture

System Description
DMP Source Provides DMPs in a machine-actionable format.
SKG Provide information on various research products,

researchers, and organizations. The information is
interconnected, and the entities contained can be
referenced by a PID.

Data Repository Provides different kinds of information to a given
query.

Reviewer Can be systems or human actors accessing the
evaluation system to receive quality indicators for a
specific DMP as well as reports containing
aggregations of measurements.

External Evaluator Provides evaluation results for different digital
resources. Common evaluators include FAIR
evaluators which take the identifier referring to the
location of the object and return the corresponding
measurements. The format of these measurements
can differ depending on the evaluator used.

Table 4.7: Business Context.

«Component»
DMP Loader

«Component»
Context Loader

«Component»
Evaluator

«Component»
DMP Indicator Service

«Component»
DMP Harvester Service

Extension Ontologies

«Component»
Data Store

DCS Ontology

DMP

Store / Retrieve DMP
Store / Retrieve Context

Store / Retrieve Evaluation Result

Load DMP Context
Generate

Measurements

Store / Retireve DMP
Store / Retrieve Context Store / Retrieve Evaluation Result

Harvest DMP
Harvest Context
Retrieve DMP

Retrieve Context

Load DMP
Load DCS Ontology

Load Extension Ontologies

Evaluate DMP
Generate Evaluation Report

Figure 4.10: High-level building block view.
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interfaces Load DMP to provide the maDMP for a given identifier, Load DCS Ontology
to provide the underlying DCS ontology of the maDMP and Load Extension Ontologies
to provide a list of extensions included in the DMP with the given identifier.

Context Loader

Provides contextual information for a given DMP by collecting and returning information
from external sources such as SKGs and Data Repositories in a uniform format. We
propose to make use of the proposed Evaluation Context data structure presented in
Section 4.2.2 as part of the data architecture. The component exposes the interface Load
DMP Context, which accepts a maDMP and returns a list of context objects that the
Context Loader provides.

Data Store

The Data Store provides the ability to persist data and unify access to it in a way that is
agnostic to the underlying format or technology used. In particular, it provides the ability
to store and access maDMPs, the evaluation context, and the evaluation measurements
resulting from the evaluation of a DMP.

DMP Harvester Service

This component unifies the access to data needed for the evaluation of maDMPs to
provide a single endpoint to fetch the DMP itself including the associated ontologies
and related contextual data, as well as to orchestrate the collection of this information
from a variety of sources by accessing the interfaces provided by the DMP Loader and
Context Loader components. To that extent, it exposes the interface Harvest Extended
DMP which provides access to all this information.

Figure 4.11 shows a detailed view of the subcomponents contained in the DMP Harvester
Service. It is made up of the components DMP Provider, Context Provider, Inference
Engine and Data Provider.

DMP Provider The DMP Provider is responsible for loading normalized DMPs from
relevant DMP Loader components. As actual retrieval of maDMPs from available sources
and normalization to a uniform format is the responsibility of the individual DMP Loader,
the DMP Provider acts as a bridge, connecting and exposing different instances of DMP
Loader components with other components of the framework by exposing the Load DMP
endpoint.

Context Provider The Context Provider component facilitates the communication
between different instances of Context Loader components, which in turn collect and
transform information regarding a given DMP from various sources such as SKGs and
repositories. As a result, the Context Provider provides unified access to available
instances of Context Loader components via the provided Get Context interface.
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Figure 4.11: Building blocks of the DMP Harvester Service.

Inference Engine Linked data formats, such as RDF provide the ability to infer
information which is implicitly contained in the data by deriving rules from corresponding
ontologies and in turn provide the inferred information explicitly. The Inference Engine
component abstracts this inference mechanism by exposing the Create Inference Model
interface, so that other components can use the interface provided to derive new knowledge
from their available data.

Data Provider The Data Provider collects information regarding DMPs from the
DMP Provider and the corresponding contextual information from the Context Provider.
It uses the interfaces of the Inference Engine component to expand the information that
is implicitly available in the given DMP. Furthermore, the Data Provider component uses
the Data Store component to store the DMP and the contextual information collected
and provides the Harvest Extended DMP interface to export this information to other
components of the framework.

Evaluator

The Evaluator component performs the actual calculations to generate quality metrics
for a given DMP. In addition to a DMP that includes the associated ontologies of the
underlying standard and included extensions, it can also receive evaluation context to
have access to additional information related to the DMP. The way in which the evaluator
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generates metrics and what other external providers are needed for the evaluation is not
defined by the reference architecture, as the specific requirements are dependent on the
concrete evaluation requirements at hand and Evaluator components can also forward the
generation of measurements to External Evaluators outside of the scope of the proposed
system. To provide a clear separation of responsibilities, an Evaluator is supposed to
provide evaluation measurements for only one evaluation dimension. The entire process
of measurement generation is exposed with the interface Generate Measurements.

DMP Indicator Service

This component coordinates the evaluation process for a DMP and exposes the interfaces
Evaluate DMP for the process of the DMP evaluation and Generate Evaluation Report
for the the process of generating measurement reports in the form of aggregations and
averages of measurements. The indicator service component retrieves the DMP, ontologies
and additional context from the DMP Harvester Service and stores the evaluation result
using the data store component. It coordinates the invocation of Evaluator components
and provides them with the data they need for the generation of indicators. The indicators
collected from the individual Evaluator components are collected and persisted at the
end of the evaluation process.

Figure 4.12 shows the conceptual building blocks of the proposed DMP Indicator service.
The service is composed of the sub-components Evaluation Manager, Evaluation Provider
and Metric Aggregator. The remainder of this Section provides an overview of these
proposed components, their scope as well as their provided as well as consumed interfaces.

Evaluation Manager The Evaluation Manager component is the central access point
to request and retrieve quality indicators for a DMP by providing the interface Evaluate
DMP to start a DMP evaluation process and Generate Evaluation Report to provide
summaries of quality measurements. The component facilitates the generation of quality
measurements by managing the collection of the necessary information through the
interfaces of the DMP Harvester Service and gathers the generated measurements from
the Evaluation Provider to which it passes the maDMP and other information and
options required for measurement generation. The Evaluation Manager further accesses
the Data Store component to store and access the evaluation results.

Evaluation Provider The Evaluation Provider is responsible for the integration of
Evaluator components and provides a unified gateway for the DMP Indicator Service
to access these components by providing the Get Measurements interface. It invokes
Evaluator components, based on the evaluation requirements, and returns a collective
result that contains the individual quality measurements of the respective Evaluator
components. We recommend using the DMPQV data structure for the communication
of quality indicators and measurements between the components involved.
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Figure 4.12: Building blocks of the DMP Indicator Service.

Measurement Aggregator The Measurement Aggregator exposes the interface Ag-
gregate Measurements through which it retrieves quality indicators and processes them
to provide a better view of the the result of the evaluation of a DMP by aggregating
the measurements and calculating averages as described in the proposed of the business
architecture.

4.3.3 Runtime View

The runtime describes concrete interactions between building blocks of the proposed
system in order to provide and understanding how these building blocks communicate at
runtime when performing certain use case scenarios. In this Section, we cover important
use-case scenarios of the proposed solution based on the requirements elaborated in
Chapter 3.5.

To this extent, we describe the scenario resulting from the use case Generate Metric
Measurements which includes the use cases Load DMP and Fetch DMP Context and
describe the interactions involved in the generation of DMP quality measurements
including the retrieval of the underlying information in the form of maDMPs and
supporting contextual information from external providers. Furthermore, we describe
the interaction of building blocks from the point of the use-case Create Evaluation
Report to highlight how the framework can further process the resulting DMP quality
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measurements.

Generate Measurements

Figure 4.13 shows the runtime view and interactions between the proposed components
for the evaluation of DMPs with a focus on the interactions in the DMP Indicator Service
component including the Evaluation Manager and Evaluation Provider components.
Other components involved in the execution of this use case are the Evaluator component
as well as the DMP Harvester Service and the Data Store component.

1. An Actor starts the evaluation process by accessing the interface provided by the
Evaluation Manager which is a component of the DMP Indicator Service. With the
request, the Actor provides the specification for the execution of the evaluation, such
as details on which DMP to evaluate, as well as options regarding the evaluation
process including details on which metrics should be considered for the evaluation.

2. The Evaluation Manager receives the request and calls the DMP Harvester Service
to collect the necessary information needed for the evaluation. The DMP Harvester
Service abstracts the access to this information and returns a maDMP in a normal-
ized format together with the corresponding underlying ontologies, which describe
the structure of the maDMP. Furthermore, it returns contextual information that
augments the information present in the DMP.

3. The Evaluation Manager calls the Evaluation Provider and passes on the infor-
mation previously received from the DMP Harvester Service to obtain evaluation
measurements.

4. The Evaluation Provider gathers references to the Evaluator components needed to
conduct the evaluation. The actual generation of measurements is carried out by
instances of the Evaluator component, which provides implementations to evaluate
specific sets of metrics.

5. The Evaluation Provider calls the previously identified Evaluator components in
parallel and retrieves the returned measurements.

6. After each invocation of an Evaluator, the Evaluation Provider adds the resulting
measurements to a collection and finally returns them to the Evaluation Manager
after all Evaluator instances have returned their results.

7. The Evaluation Manager calls the Data Store to save the resulting quality mea-
surements and afterwards returns these measurements.
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Figure 4.13: Runtime View: Generate Measurements.

Load DMP

Figure 4.14 depicts the interaction between the proposed components to implement
the use case of retrieving maDMPs from various sources in an agreed upon format in
order to further process them in the scope of the proposed DMP evaluation framework.
The components involved in this scenario are parts of the DMP Harvester Service,
more specifically the Data Provider component, the DMP Provider component and the
Inference Engine component. In addition to the components of the DMP Harvester
Service the component DMP Loader and the Triple Store are participating to fulfill the
use case.

1. An Actor calls the Data Provider requesting to load a DMP for a given identifier.

2. The Data Provider calls the DMP Provider, which is responsible for managing the
access to instances of DMP Loader components.

3. The DMP Provider accepts the request and selects an instance of a DMP Loader
which can provide the DMP with the given identifier.

4. The DMP Provider calls the identified DMP Loader in order to retrieve the DMP
as well as the definition of the underlying ontologies and extensions of the returned
DMP and returns the retrieved data to the Data Provider.

5. The Data Provider calls the Inference Engine with the DMP as well as the underlying
ontologies as parameters to derive additional knowledge and conclusions for the
given DMP
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Figure 4.14: Runtime View: Load DMP.

6. In the last step the Data Provider stores the resulting inferred DMP and its
associated ontology by calling the Data Store and afterwards returns the results to
the actor thereby finalizing this process.

4.3.4 Fetch DMP Context
As part of the process of generating quality indicators, this process, which is depicted
in Figure 4.15, collects relevant context to provide an extended view of the information
contained in a DMP. To represent the context, we recommend making use of the
corresponding data structure proposed in Section 4.2.2. The components involved in the
retrieval of this context include parts of the DMP Harvester Service, more specifically the
Data Provider component as well as the Context Provider component. Other components
involved are the Triple Store to persist the resulting context as well as Context Loader
components that abstract the connection to external information providers.

1. An Actor requests contextual information for a certain DMP from DMP Harvester
Service which forwards the request to the Data Provider component.

2. The Data Provider receives the request and calls the Context Provider with the
given DMP as a parameter to further handle the retrieval from different external
resource providers.
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Figure 4.15: Runtime View: Fetch DMP Context.

3. The Context Provider collects the available instances of Context Loader components
and iterates through them in parallel. For each Context Loader instance it receives
the provided information. While the Context Loader instances fetch this information
from different resources, they should return the data in a uniform format. After
the Context Provider collected the result from all Context Loader instances, it
collectively returns the results to the Data Provider.

4. The Data Provider calls the Data Store to persist the resulting DMP evaluation
context and returns the results to the actor initiating this process.

Create Evaluation Report

The scenario of generating evaluation reports through the aggregation of values from
measurements of an evaluated DMP is shown in Figure 4.16. It requires communication
between the components of the DMP Indicator Service, namely the Metric Aggregator
component and the Evaluation Manager as well as the Data Store.

1. An Actor calls the exposed endpoint of the Evaluation Manager and requests a
report for a DMP for which measurements have already been generated.
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Figure 4.16: Runtime View: Create Evaluation Report.

2. The Evaluation Manager requests the corresponding measurements for the given
DMP from the Data Store together with the associated DMP and context.

3. The Evaluation Manager calls the Metric Aggregator in order to produce the
required aggregations in the form of sums of values and arithmetic averages of
values for a selection of quality measurements.

4. With these aggregated values, the Evaluation Manager creates the evaluation report
by combining the available artifacts and returns this report.
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CHAPTER 5
Implementation

In this chapter, we implement a prototype for the evaluation of DMP by instantiating the
conceptual architecture proposed in Chapter 4.3.4. As a context for the implementation,
we present a case study as a specific setting in which automated evaluation is useful.
This case study is concerned with evaluating the requirements outlined in the DMP
evaluation guidelines of Science Europe [Eur21]. Furthermore we address the quality
indicators proposed as part of the reference architecture.

5.1 Case Study

In this section we describe the context of our implementation of the proposed DMP
evaluation framework. We build on the use case provided in the motivation of this thesis
and aim to provide automated indicators for a DMP when it is submitted to a funder
in machine-actionable form at the end of the research data lifecycle where all actions
described in the DMP have already been implemented.

To represent funder guidelines we choose the Science Europe DMP Evaluation Rubric
[Eur21] which is based on the core requirements for DMPs of Science Europe and
represents a consensus on the requirements for DMPs of different funding bodies in
Europe. The evaluation rubric outlines the requirements that a DMP must meet by
listing different criteria in textual form and corresponding performance levels, which
indicate to what extent the criteria are met. These guidelines are well suited as a baseline
for the evaluation of the proposed solution, as they represent a consensus on DMP
evaluation between major funding bodies and are well defined. They are not adapted to
the DCS standard for maDMPs and therefore during the course of the implementation a
dedicated funder extension is necessary to cover all the required information in a DCS
maDMP.

73



5. Implementation

In addition to the provision of indicators measuring the compliance with funder re-
quirements as part of the Science Europe Guideline Compliance dimensions, we provide
measurements for the evaluation dimensions proposed in Section 4.3.4, being DCS Com-
pleteness, Extension Completeness, Accuracy, Availability, results of FAIR evaluation and
DCS Compliance to cover the evaluation goals mentioned in the motivation of this thesis.
The semantics of measurement generation for these dimensions can be deduced from the
DCS application profile and the FAIR principles which are both accepted standards of
their fields.

We do not address the dimension Consistency in the prototype due to the lack of a
dedicated standard that outlines these requirements. But we assume, that Consistency
is partly covered by the evaluation of compliance requirements and the assumption that
the definition of the structure underlying the given DMP is consistent, or in other words,
that the combination of DCS and added extensions is consistent.

5.1.1 Science Europe Funder Extension

As outlined in Sections 2.5.1 the DCS application profile has the intention of covering the
minimal requirements a maDMP should comply with in order to provide a certain level
of interoperability between RDM systems. In order to cover specific use cases the use of
extensions has been proposed by Cardoso et al. [CCE+22] and with the publication of
the DCSO serialization there is a proposal on a vocabulary to better cover requirements
funders commonly have for DMPs.

To cover the evaluation of the DMP requirements given by the Science Europe DMP
guidelines, we further extend the proposed funder extensions, described in Section 2.5.1,
and introduce new entities and properties. Table 5.1 shows these additional properties
property_rights_explanation and format_justification as properties of distribution and
data_recovery_explanation as a property of host. To provide a flexibility, we choose
to provide the possibility to link to an externally available resource through the use of
identifiers, as is already common practice in the DCS data model.

5.1.2 Constraints

In this section we introduce constraints for the implementation which reflect certain
limitations on the choice of underlying technologies, given by the research questions of
this thesis.

DMPs in DCSO Format The RDA proposed the DMP Common Standard (DCS)
as a common standard for the representation of maDMPs. The DCSO standard is an
instance of the RDA recommendation representing the DCS application profile using an
RDF OWL ontology. As it is an implementation of the DCS profile by the authors of
DCS, we will use the DCSO format in the prototype. This also limits the technologies
used when working with a maDMP to semantic web technologies suited for RDF data.
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Parent
Entity

New
Property

Description Type #

distribution

property
rights

explanation

Provide information whether
intellectual property rights are affected
and if so, explain which and how will

they be dealt with

property
rights

explanation

1

format
justification

Justify the use of certain file formats format
justification

1

property
rights

explanation

description Free text to describe and explain
affected property rights

String 1

property
rights ex-
planation

id

Identifier for a property rights
explanation artifact

Id 0..1

format
justification

description Free text to justify and explain the use
of certain file formats

String 1

format jus-
tification

id

Identifier for a format justification
artifact

Id 0..1

host data
recovery

explanation

Explain how the data will be recovered
in the event of an incident

data
recovery

explanation

1

data
recovery

explanation

description Free text to provide a data recovery
explanation

String 1

data
recovery
explana-
tion id

Identifier for a data recovery
explanation artifact

Id 0..1

Table 5.1: Additional properties to increase coverage of the funder extension with regard
to the Science Europe DMP Evaluation Rubric.
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Extensions as OWL Ontologies DMP extensions used in the prototype must be
in the same format as the provided DCS DMP. As specified above, the format used to
represent DMPs is DCSO. Therefore, the extensions considered in the proposed solution
must also be OWL ontologies in RDF format and compliant to the DCSO DMP.

SHACL for constraint validation Given the underlying RDF structure of the data
we will use SHACL, introduced in Section 2.3, to validate the structure and content of
RDF data as it is a W3C recommendation 1.

SPARQL for querying the DMP Following the constraint of DMPs being in repre-
sented as RDF triples according to the DCSO ontology, the choice of query language to
be used in the prototype must be able to work with these triples. As the W3C recommen-
dation for a semantic query language is SPARQL 2 we will follow that recommendation
and use it in the proposed solution.

5.2 DMP Quality Vocabulary
We implemented the data structure proposed in 4.3.4 as an OWL ontology which is
referenced by the w3id PID https://w3id.org/dmpqv. The hosted ontology reuses
existing ontologies as proposed in the conceptual architecture.

5.3 DMP Evaluation Service Prototype
To evaluate the solution we implemented the reference architecture presented in Chapter
4.3.4 in the context of the given case study as a Spring Boot3 application written in
Kotlin4 and refer to it as DMP Evaluation Service. To work with linked data structures,
we integrated Apache Jena5, a free and open source Java framework to build Semantic
Web and Linked Data applications. The interfaces exposed to external actors, such as
DMP evaluation and retrieval of resulting measurements, are implemented as REST APIs.
To document these APIs we further integrated Swagger6 to automatically document the
exposed interfaces and foster reuse of the provided implementation. The complete source
code, together with additional documentation, is available on GitHub7.

Although the implemented prototype runs in the context of one single spring application,
we split the dependencies between different packages of the implementation into three
modules: core, case-study and sdk as pictured in Figure 5.1. The core package contains

1https://www.w3.org/TR/shacl/
2https://www.w3.org/TR/sparql11-query/
3https://spring.io/projects/spring-boot
4https://kotlinlang.org/
5https://jena.apache.org/
6https://swagger.io/
7https://github.com/larnhold/maDMP-Assesment
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Figure 5.1: Package diagram of the implemented prototype.

the implementations of the DMP Harvester Service as well as the DMP Indicator
Service which are parts of the proposed framework whose implementation is independent
of the specific evaluation use case. The case-study package contains those use case
dependent components such as instances of DMP Loader, Context Loader, Data Store
and Evaluator. To provide a connection between components in these two packages,
the sdk package provides necessary definitions of the interfaces and data structures to
facilitate communication between components of the core and case-study packages.

Due to this separation, components of the universal core package do not have to directly
reference a component from the application specific case-study package and vice versa
the case-specific components of the case-study can can be written independently of the
evaluation core by referencing the interfaces of the sdk module.

As the implementation of this thesis is based on the Spring framework, we make use of
the built-in dependency injection mechanism to provide instances of components defined
in the sdk package and implemented in the case-study package to the components and
services of the core package. In addition to this default mechanism, we make use of the
Spring Plugin Project8, which provides the possibility of accessing multiple instances of
the same component through the Spring application context. Therefore, in this reference
implementation, the entire framework runs within the scope of one application to reduce
the implementation overhead of a distributed system. It can be adapted with relatively
little effort so that use-case-specific components such as Evaluator and Context Loader
components can be hosted in a different environment and accessed by the core evaluation

8https://github.com/spring-projects/spring-plugin
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Figure 5.2: Instantiating the proposed DMP Context data structure.

services given the right resolution mechanism while the Evaluator and Context Loader
components do not have to know the implementation details of other components other
than the interfaces defined in the sdk package.

To enable interoperability between components of the implemented framework, we further
integrated the standards to represent quality measurements and DMP context proposed
in Section 4.2. As mentioned in the implementation constraints, when dealing with
DMPs, a requirement is that they follow the DCS application profile in the form of the
DCS ontology and therefore we represent DCS maDMPs using the DCSO serialization as
an RDF graph. Extension mechanisms for DCS have been extensively discussed in the
community and with the proposed RDF serialization a solution has been proposed on
how to dynamically extend the information while still being able to distinguish the parts
of a DMP referencing the DCS standard and parts that are added through extensions.
This is achieved by using different namespaces for parts that describe content of the DCS
application profile and parts that describe extension content.

To represent DMP context we integrate the corresponding data structure proposed in
Section 4.2 into the solution as seen in Figure 5.2 and for the communication of the
measurement results we also integrate the proposed DMPQV into the prototype. For
simplicity, when implementing the storage functionalities of the Data Store, we opted to
save the data to the file system in a serialized form. For future adoptions, this can be
changed and more optimized storage technologies used.

Figure 5.3 shows the deployment of the proposed DMP evaluation prototype in the context
of the given case study. DMP Harvester Service and DMP Indicator are implemented as
proposed in Chapter 4.3.4 and facilitate the application and data flow as described in the
corresponding activity diagrams. The key role of these components is to integrate other
components of the framework in order to facilitate the use cases given in the requirements.

In contrast to these core components, the implementation details of the other components
in the framework, namely DMP Loader, Context Loader, Evaluator and Data Store
have been left open in the proposed conceptual architecture since the implementation
requirements depend on the given scenario and the corresponding evaluation requirements.
Table 5.2 lists the instances of these components that are implemented in the reference
implementation and describes their responsibilities.
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Component Instance Description
DMP Loader JSON DMP Loader In the scope of this implementation, we

developed a DMP Loader instance which
loads DMP from JSON files using the
Jackson library 9. Besides the DCS ontology
this loader also parses information
corresponding to the the proposed Science
Europe Funder Extension.

Context Loader OpenAire Context Loader Resolves PIDs of Datasets contained in the
DMP and receives corresponding
information from the OpenAire SKG 10.

Re3Data Context Loader Resolves PIDs of hosts contained in the
DMP and receives corresponding
information from the Re3Data repository of
research repositories 11.

Evaluator

DCS Completeness
Evaluator

Measures the existence of all required
properties a DCS DMP must contain.

Science Europe Extension
Completeness Evaluator

Measures the existence of all required
properties with regard to the Science
Europe Extension if the given DMP should
comply with this extension.

Accuracy Evaluator Measures the accuracy of information
contained in the DMP using the provided
evaluation context.

Availability Evaluator Measures if provided references to external
resources are existent and available.

Achieved FAIRness
Dataset Evaluator Measures the achieved FAIR scores of the

datasets contained in the DMP.
Science Europe Guideline
Compliance Evaluator

For each question contained in the Science
Europe Evaluation Rubric, it is assessed
whether the given DMP sufficiently
addresses the requirement.

DCS Compliance
Evaluator

Measures whether the given DMP satisfies
all structural requirements imposed by the
DCS standard.

Data Store Data Store The implementation provided in the
prototype provides the basic functionality of
the component and stores data locally in
the filesystem.

Table 5.2: Implemented components of the proposed framework to cover the requirements
of the given case-study.

79



5. Implementation

Figure 5.3: Deployment Diagram.

The remainder of this Section will further explain the implementation details of the
Context Loader and Evaluator components implemented in the prototype.

5.3.1 Context Providers

With the use of the proposed format for the representation of DMP context it is possible
to provide a static copy of the information provided by the resources referenced by
identifiers contained in a DMP. This context, together with the DMP itself, provides
a static snapshot of the information contained in a DMP so that reviewers and other
stakeholders can access it. This is necessary as the information referenced by the
identifiers could change, and therefore a persistent context provides a stable snapshot
of this information. Figure 5.3 lists the entities in a DCS DMP that contain identifiers
for external resources and the types of identifiers recommended in the DCS application
profile. Especially when the type of an identifier is a PID the metadata of the referenced
entity can be assumed to be accessible using the corresponding services of the provider
of the PID.

For the scope of this thesis we limit the implementation to the inclusion of context for
Dataset and Host entities by providing implementations of the Context Loader component
of the reference architecture.

9https://github.com/FasterXML/jackson
10https://graph.openaire.eu/
11https://www.re3data.org/
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DCS Id ID type
Contact contact_id orcid, isni, openid, other
Contributor contributor_id orcid, isni, openid, other
Dataset dataset_id handle, doi, ark, url, other
Distribution access_url URI
Distribution download_url URI
Distribution license_ref URI
Host url URI
Metadata metadata_standard_id url, other
DMP dmp_id handle, doi, ark, url, other
DMP ethical_issues_report URI
Funding funder_id fundref, url, other
Funding grant_id url, other

Table 5.3: Entities of the DCS [MWN+21] that contain identifiers to external resources.

OpenAire Context Loader

To gather additional information for datasets mentioned in a maDMP we query the API
of the Openaire Graph which is one of the SKGs discussed in Section 2.4 provided by
OpenAire, a pan-European research information system, which provides services to find,
store, link and analyse research output from all disciplines12. Figure 5.4 shows the data
model used in the OpenAire KG with following entities as described by Manghi et al.
[MBA+]:

• Data Sources: The source from which metadata of an entity in the graph is
collected from.

• Projects: Information on grants for funded research projects.

• Research Results: Represent the output of research activities, including publica-
tions, data, software, and other research products.

• Communities: Containing information on groups of people with a common
research interest.

• Organizations: Correspond to companies or research institutions that are involved
in projects or responsible for data sources.

12https://www.openaire.eu/
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Figure 5.4: OpenAIRE Graph data-model [MBA+].

1 PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
2 PREFIX dcso: <https://w3id.org/dcso/ns/core#>
3 select * where {
4 ?dmp dcso:hasDataset ?dataset .
5 ?dataset rdf:type dcso:Dataset .
6 ?dataset dcso:hasDatasetId ?datasetId .
7 ?datasetId dcso:identifier ?idValue .
8 ?datasetId dcso:identifierType ?idType .
9 }

Listing 5.1: SPARQL Query to retrieve information on Datasets from a DCSO DMP.

The OpenAire Context Loader selects relevant values from the given DMP by running
the SPARQL query outlined in Listing 5.1. This query returns the reference to the DMP,
the reference to a dataset, and for each dataset the corresponding identifier entity with
the identifier and the identifier type. With this identifier, the application queries the
search API of the OpenAire graph and retrieves the available information.

The information retrieved is then serialized into a string and packed into a DMP context
instance, pointing to the dataset and DMP retrieved by the previous SPARQL query.

Re3Data Context Loader

Re3Data is a global registry of research data repositories and has been in operation
for more than 10 years. It provides a curated index of more than 3000 research data
repositories from around the world and from all disciplines. The use of re3data is
recommended in the European Commission’s Guidelines on Open Access to Scientific
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1 PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
2 PREFIX dcso: <https://w3id.org/dcso/ns/core#>
3 PREFIX terms: <http://purl.org/dc/terms/>
4 select * where {
5 ?dmp dcso:hasDataset ?dataset .
6 ?dataset rdf:type dcso:Dataset .
7 ?dataset dcso:hasDistribution ?distribution .
8 ?distribution dcso:hasHost ?host .
9 ?host terms:title ?title .

10 ?host dcso:url ?url
11 }

Listing 5.2: SPARQL Query to retrieve information on Distributions and Hosts from a
DCSO DMP.

Publications and Research Data in Horizon 2020. As an open science tool, it aims to
promote data sharing, improve transparency, and support researchers in finding suitable
repositories for depositing and accessing research data [GHG+13]. To that extent, we
integrate the provided information through the implementation of the Re3data Context
Loader to provide additional information regarding the hosts listed in the DMP.

The SPARQL query in Listing 5.2 queries the distributions and hosts associated with
each dataset in a DMP. A Dataset in the DCS application profile follows the defintion of
Dataset in the W3C DCAT specification and provides high-level information about the
data. A Distribution in the DCS application profile is also synonymous with the term
used in the W3C DCAT metadata application profile and is used to describe a particular
instance of a dataset that has been or is intended to be made available in some way.
Lastly, the host entity is intended to provide information regarding the system where
data is stored and can be used to provide details on a repository where data is deposited.

Using the title and url provided in the host entity, we retrieve the corresponding entry
from the Re3Data API which returns metadata for a repository in the form Metadata
Schema for the Description of Research Data Repositories [SAB+23].

5.3.2 Evaluators
In this Section we will outline the implementation details of the Evaluators included in
the prototype implementation. To give an overview, Table 5.4 lists the implemented
instances of the Evaluator component and the corresponding evaluation scope. By design
an Evaluator component provides metric measurements for one evaluation dimension
that is indicated in the table, as well as the corresponding category of the dimension
according to the DMP evaluation taxonomy proposed in Section 4.1.2. Furthermore,
the table lists the corresponding types of metrics that the Evaluator components are
considering in their evaluation, where the types of metrics are a subset of those proposed
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Evaluator Category Dimension Implemented
Metric Types

DCS Completeness Evaluator Completeness DCS
Completeness

M1, M2

Science Europe Extension
Completeness Evaluator

Completeness Extension
Completeness

M1, M2

Accuracy Evaluator Feasibility Accuracy M3
Availability Evaluator Feasibility Availability M4
Achieved FAIRness
Dataset Evaluator Quality of

Actions
FAIR M7

Science Europe Guideline
Compliance Evaluator

Compliance Guideline
Compliance

M14

DCS Compliance Evaluator Compliance DCS
Compliance

M10, M12, 13

Table 5.4: Metric types implemented in the Evaluators of the Prototype.

as part of the business architecture in Section 4.1. Not all of the proposed types of
metrics have been considered in the reference implementation, as in some cases there are
no corresponding standardized guidelines to base the evaluation on, and the development
of such guidelines is out of scope of this thesis. However, for all evaluation goals listed in
the motivation of this thesis, we implement at least one evaluator to show the feasibility
of the requirements.

Due to the underlying implementation constraint that DMPs are given as RDF triples,
evaluators share common methods to query information and match patterns in the
given DMP as part of evaluation processes. To query information, we use the methods
contained in the org.apache.jena.query package which implements a SPARQL engine.

To verify if certain requirements of a DMP are met, such as the existence of certain
properties, requirements on their values, and other structural requirements of the DMP
which can be expressed with SHACL patterns, the evaluators make use of methods
provided by Apache Jena in the org.apache.jena.shacl package. This package provides a
runtime for SHACL constraints and returns a report in the form of the SHACL Validation
Report Vocabulary indicating whether the data graph conforms to the shape graph and,
if there are violations, contains entries that provide additional information. The content
of the entries in this report is shown in Table 5.5 and parts of it can be used to create
DMPQV measurements and metrics as indicated by the corresponding mapping in the
table.
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Property Description DMPQV Mapping
sh:focusNode The focus node that was being

validated when the error occurred.
DMPLocation/Entity

sh:resultPath The path from the focus node.
This property is optional and

usually corresponds to the sh:path
declaration of property shapes.

Measurement: Guidance

sh:value The value that violated the
constraint, when available.

DMPLoaction/Property

sh:sourceShape The shape against which the focus
node was validated when the

constraint was violated.
sh:sourceConstraint

Component The IRI that identifies the
component that caused the

violation.
sh:detail May point to further details on the

cause of the error. This property
can be used to report errors in

nested nested shapes.
sh:resultMessage Textual details about the error.

This message can be affected by
the sh:message property.

Guidance

sh:resultSeverity A value which is equal to the
sh:severity value of the shape that
caused the violation error. If the

shape does not have the sh:severity
declaration, then the default value

will be sh:Violation.

Table 5.5: Properties included in a SHACL validation result and mapping to the Data
Management Plan Quality Vocabulary (DMPQV).
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1 :DMPDatasetCompletenessShape a sh:NodeShape ;
2 sh:targetClass dcso:DMP ;
3 sh:property [
4 sh:path dcso:hasDataset ;
5 sh:minCount 1 ;
6 ] .

Listing 5.3: SHACL Shape verifying that a DMP has at least one associated Dataset
entity according to M1 Required Entity Existing.

In the remainder of this Section the implementation details of the Evaluator components
included in the reference implementation are described, grouped by the evaluation category
they address, which are equivalent to the review goals mentioned in the motivation of
this thesis, namely Completeness, Compliance, Feasibility and Quality of actions.

Completeness Evaluation

The reference implementation provides two instances of Evaluator components addressing
the completeness category. The DCS Completeness Evaluator verifies the existence of
all relevant information as specified in the DCS application profile, while the Science
Europe Guideline Completeness Evaluator assesses if all entities and fields required by the
proposed Science Europe DMP Extension are included in the given DMP if the extension
is specified as part of the given DMP.

To that extent, these two evaluator instances implement the recommended metric types
M1 Required Entity Existing to evaluate how comprehensively maDMPs address various
aspects of data management. Furthermore, M2 Required Property Existing verifies
whether the DMP includes all mandatory fields required by the corresponding guideline.

In the reference implementation, both types of metrics are implemented using SHACL
shapes verifying the existence of an element with the minCount property. Listing 5.3
verifies that a given DMP includes at least one Dataset as specified in the DCS application
profile. The resulting evaluation report would produce metrics of type M1 Required
Entity Existing. Similarly, the SHACL shape in Listing 5.4 verifies if a Dataset contains
a property addressing the topic of sensitive data and therefore addresses the metric type
M2 Required Property Existing.

By providing more shapes of this form, specifying the minimal counts for information
required in the DCS application profile, we can produce measurements that indicate if
the DMP is complete with regard to this standard. Similarly, completeness with regard
to the proposed Science Europe funder extension is being assessed with SHACL shapes
of this form.
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1 :DatasetSensitiveDataCompletenessShape a sh:NodeShape ;
2 sh:targetClass dcso:Dataset ;
3 sh:property [
4 sh:path dcso:sensitiveData ;
5 sh:minCount 1 ;
6 ] .

Listing 5.4: SHACL Shape verifying that a Dataset includes at least one field regarding
sensitive data according to M2 Required Property Existing.

Compliance Evaluation

In the reference implementation we implemented the two evaluators DCS Compliance
Evaluator to measure the compliance of a given DMP with regard to the DCS application
profile and the Science Europe Guideline Compliance Evaluator to provide indicators
targeting the requirements listed in the Science Europe DMP Evaluation Rubric.

DCS Compliance Evaluator In terms of compliance, the DCS application profile
[MWN+21] defines requirements and recommendations on the form and content of the
given maDMP, which we integrate into the implementation of this evaluator component.

One type of requirement given by the application profile concerns the multiplicity of
entities and included values which aligns with the proposed metric type M10 Multiplicity
Constraint. Compared to the completeness evaluation covered by the evaluator presented
in Section 5.3.2, this evaluator evaluates multiplicity constraints more extensively in the
form of minimal and maximum constraints modeled using SHACL patterns similarly to
Listing 5.3 by specifying the properties sh:minCount and sh:minCount accordingly.

Furthermore, the DCS application profile provides recommendations on the values allowed
for a certain property, as listed in Table 5.6. This compliance requirement is covered
in the solution by providing metrics of type M12 Whitelist Vocabulary Constraint. To
validate whitelist requirements, we again make use of SHACL shapes listing the allowed
values with the sh:in property. Listing 5.5 contains a shape that defines the allowed
values for the field Sensitive Data of a Dataset. By providing shapes of this kind, the
whitelist requirements summarized in table 5.6 can be modeled.

Lastly, the DCS application provides some recommendations regarding the form of certain
values such as date fields and URIs. As such data and time fields should be in a format
compliant with ISO 8601 and the format of URIs is defined in RFC 3986. We propose
to provide separate indicators covering these requirements with metrics of type M13
Value Pattern Constraint. Listing 5.6 shows how we implemented such a requirement of
verifying the correct format of the issue date of a dataset with a SHACL shape including
the definition of the corresponding regex pattern for ISO 8601 dates.
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Data Property Suggested Values

host:certified_with din31644, dini-zertifikat, dsa, iso16363, iso16919, trac,
wds, coretrustseal, none, other, unknown

distribution:data_access open, shared, closed
dmp:ethical_issues_exist yes, no, unknown
funding:funding_status planned, applied, granted, rejected
distribution:format MIME type (IANA media type)
host:support_versioning yes, no, unknown
dataset:language ISO 639-1 code
host:geo_location ISO 3166 country code
contact_id:type orcid, isni, openid, other
contributor_id:type orcid, isni, openid, other
dataset_id:type handle, doi, ark, url, other
dmp_id:type handle, doi, ark, url, other
funder_id:type fundref, url, other
grant_id:type url, other
metadata_standard_id:type url, other

host:pid_system
ark, arxiv, bibcode, doi, ean13, issn, handle, igsn, isbn,
issn, istc, lissn, lsid, pmid, purl, upc, url, urn, none, un-
known, other

funding:funding_status planned, applied, granted, rejected
dataset:language ISO 639-3 code
dmp:language ISO 639-3 code
metadata:language ISO 639-3 code
dataset:personal_data yes, no, unknown
cost:currency_code defined by ISO 4217
dataset:sensitive_data yes, no, unknown

Table 5.6: Controlled Vocabulary recommended in the DCS Application Profile.
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1 :DatasetSensitiveDataWhitelist a sh:NodeShape ;
2 sh:targetClass dcso:Dataset ;
3 sh:property [
4 sh:path dcso:sensitiveData ;
5 sh:in ("yes" "no" "unkown") ;
6 ] .

Listing 5.5: SHACL Shape verifying that the value for the field sensitive data is included
in the values recommended by the DCS application profile.

1 :DataseDatePattern a sh:NodeShape ;
2 sh:targetClass dcso:Dataset ;
3 sh:property [
4 sh:path dcso:issued ;
5 sh:pattern "^[0-9]{4}-[0-9]{2}-[0-9]{2}
6 T[0-9]{2}:[0-9]{2}:[0-9]{2}(Z|[+-][0-9]
7 {2}:[0-9]{2})$"
8 ] .

Listing 5.6: SHACL Shape verifying that the correct format of the issued field of a
dataset with regard to the ISO 8601 specification.

Figure 5.5: Excerpt of die Science Europe DMP Evaluation Rubric [Eur21] specifying
guidance for the necessary information to describe data collection and reuse.

Science Europe Guideline Compliance Evaluator Another type of guideline
compliance we address in the prototype is the compliance with regard to the Science
Europe DMP Evaluation rubric. This rubric contains guidelines for reviewers divided
into six chapters covering different topics of DMP requirements and each chapter contains
a set of relevant questions specifying DMP requirements. Besides guidance, the rubric
also provides performance levels to indicate if the guidance is sufficiently addressed or
not. Figure 5.5 shows a part of the Science Europe DMP Evaluation Rubric that gives
guidelines on the required information regarding the collection and reuse of data.
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To provide information on the compliance of the DMP with regard to these guidelines,
we implemented the Science Europe Guideline Compliance Evaluator which provides
measurements of type M14 Guideline Verification to indicate whether the given DMP
complies with a guideline or not, thus matching the performance levels provided in the
Science Europe Evaluation Rubric. The evaluator expects that the given DMP includes
the Science Europe Extension proposed in this thesis, as otherwise the information
required by some questions in the evaluation rubric cannot be queried from standard
DCS DMPs.

To generate these guideline verification measurements, we build on the work of Foidl et
al. [FBM21] who provide a set of SPARQL queries to retrieve the information required
by the corresponding questions in the Evaluation Rubric and extended these queries with
a mapping to the Science Europe Extension. Figure 5.7 shows a mapping of parts of
the guidelines regarding data description and collection or re-use of existing data to the
respective parts of the DCS application profile and Science Europe Funder Extension. As
can be seen by the type of question they generally do not provide a standard to measure
the validity of the extracted value, so in most cases the only kind of quality measurement
that can provided includes information on the existence of the required information in the
relevant mapped field. Therefore, we decided to use the same methodological approach
as Foidl et al. [FBM21] and extract the values from a given DMP with SPARQL queries
according to the mapping of the Science Europe Guidelines to the DCS application
profile and the Science Europe Extension. Based on the result, we produce measurements
indicating if all required values are present and if not provide the relevant information in
the guidance of the measurement.

We identified three items of guidance that refer to the use of standards recognized by
the community and listed them in Table 5.8. For these guidelines, we used the API
provided by FAIRSharing13, a FAIR-supporting resource that provides an informative
and educational registry on data standards, databases, repositories, and policies, to
provide measurements that indicate whether the values in DMP correspond to some
community standard. That way part of the Science Europe evaluation rubric can indeed
be automatically evaluated to some extent, given a measurable guideline and a trustworthy
source of accepted standards.

Feasibility Evaluation

For the category of Feasibility we implemented the evaluator components Accuracy
Evaluator providing measurements of type M3 Property Matches Ground Truth and
Availability Evaluator providing measurements of type M4 Existence of Linked Resource.

Accuracy Evaluator The implementation of the Accuracy Evaluator produces mea-
surement of type M3 Property Matches Ground Truth to indicate that information
contained in the given DMP is valid given some reference information from a trusted

13https://fairsharing.org/
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Guidance DCS Mapping Sciene Europe Extension
Mapping

Explain which
methodologies or software
will be used if new data is

collected or produced.

/ dataset/methodology

State any constraints on
re-use of existing data if

there are any.

distribution/data_access
dmp/ethical_issues_exist /

Explain how data
provenance will be

documented.

/
dataset/is_reused

distribution/restriction_explanation

Briefly state the reasons if
the re-use of any existing

data sources has been
considered but discarded.

/ dataset/methodology

Table 5.7: Mapping of selected guidelines for Data Collection and Reuse from the Science
Europe DMP Evaluation Rubric to corresponding fields in the DCS Application Profile
and the proposed Science Europe Funder Extension.

source. In the prototype, we assume that the contextual information provided to the
evaluator when it is invoked is a trusted and truthful source. Additionally, the received
context contains a pointer to the part of the DMP to which it refers. Given a mapping
from a context to the DCS application profile, equivalences can be assigned and used to
compare the values in the given DMP with the given context.

In Section 5.3.1 we describe the implementation of DMP context providers using the APIs
of OpenAire14 and Re3data15. These context providers provide contextual information
for the entities Dataset, Distribution and Host contained in the DMP. Table 5.9 shows the
mapping of the equivalent fields between the OpenAire data model and DCS application
profile and Table 5.10 shows the respective mapping of equivalence between the Re3Data
data model and the DCS application profile.

Based on these equivalence mappings, the implemented Accuracy Evaluator compares
the values received through the context with the respective entries in the DMP and
produces measurements that indicate if the value matches the evaluation context and if
not, attaches guidance to the quality measurement to assist the reviewer.

14https://www.openaire.eu/
15https://www.re3data.org/
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Category Guideline DCS Mapping FAIRSharing
Mapping

1b What data will be
collected or produced?

Give preference to open
and standard formats as

they facilitate sharing and
long-term re-use of data.

dataset/type
distribution/format Standard

2a What metadata and
documentation will

accompany the data?

Use community metadata
standards where these are

in place
dataset/metadata Standard

3a How will data and
metadata be stored and
backed up during the

research?

Give preference to the use
of robust, managed

storage with automatic
backup, such as provided
by IT support services of

the home institution.

distribution/host Database

5d How will the
application of a unique
and persistent identifier

(such as a Digital Object
Identifier (DOI)) to each

data set be ensured?

Indicate whether a PID
for the data will be

pursued. Typically, a
trustworthy, long-term

repository will provide a
persistent identifier.

dataset/dataset_id Standard

Table 5.8: Alignment of Science Europe DMP Evaluation Guidelines to FAIRSharing
entities.

Availability Dimension Evaluator This evaluator component measures the avail-
ability of digital resources referenced in a DMP and produces measurements of type
M4 Existence of Linked Resource. The availability of a linked resource does not imply
that it is openly accessible and such more sophisticated tests are already covered by
various solutions in the field of FAIR evaluation. To verify availability, we implemented
a simple ping of the referenced digital resource and return measurements depending on
the received HTTP response code.
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DCSO OpenAire
Entitiy Property Property

Dataset

dataset_id PID
description Description

issued Date of acceptance
language Language

title Title
type Type

keyword Subject

Distribution

data_access Access Rights
description Description

format Format
access_url Publisher

title Title
byte_size Size

License license_ref License

Table 5.9: Mapping of fields from the OpenAire Data Model to the DCS application
profile.

DCSO Re3Data
Entitiy Property Property

Host

pid_system pidSystem
url repositoryURL

support_versioning versioning
certified_with certificate

Dataset metadata metadataStandard
Distribution data_access dataAccess

Table 5.10: Mapping of fields from the ReData Data Model to the DCS application
profile.
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1 PREFIX dcso: <https://w3id.org/dcso/ns/core#>
2
3 select ?root ?id ?value ?type where {
4 ?root dcso:hasId ?id .
5 ?id dcso:identifier ?value .
6 ?id dcso:identifierType ?type .
7 }

Listing 5.7: SPARQL Query to retrieve information on identifiers included in a DCS
DMP.

This is rather straightforward for HTTP URLs as it is possible to select them based on
their data type in the given RDF maDMP by querying all values that have the data type
xsd:anyURI. However, there are also references in the form of PIDs and other identifiers
contained in a given DMP that do not provide directly resolvable URLs. To that extent,
the SPARQL query shown in Listing 5.7 queries all identifiers contained in a DCSO
DMP and the corresponding type which identifies the PID provider that can resolve the
identifier. Due to the underlying ontology, it is possible to cover all types of identifiers by
selecting the entries according to their supertype id. In the prototype, we then provide
availability measurements by accessing the APIs of DOI and ORCID resolvers depending
on the type of the identifier.

Quality of Actions (FAIR) Evaluation

As highlighted in Section 4.1.2 the evaluation of FAIR metrics for a DMP can be manifold
and we identified four cases for this kind of evaluation in the form of metric types M6 to
M9. These types consider the evaluation of different digital objects contained in a DMP
at different stages of the DMP lifecycle. If the digital object has already been published,
then it can be evaluated with regard to its FAIRness, otherwise only recommendations
can be made for the reviewer to provide guidance throughout the stages of the research
data lifecycle.

For the scope of this thesis we provide the Achieved FAIRness Dataset Evaluator to
provide measurements regarding the achieved values of a FAIR evaluation for datasets
referenced in the DMP that will be represented as metrics of type M9 Dataset Achieved
FAIRness.

Achieved FAIRness Dataset Evaluator The FAIR evaluation of digital objects is
a active area of research and as outlined in Section 2.1 there exists a wide variety of
guidelines and tools to evaluate FAIR metrics. In the implementation of the Achieved
FAIRness Dataset Evaluator we build upon this work and integrate the evaluation results
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Figure 5.6: F-UJI evaluator result of dataset with DOI 10.5281/zenodo.4063720
[DH20].

of the F-UJI16 FAIR evaluator. F-UJI exposes an API that takes a PID and evaluates
the underlying digital object with regard to the FAIRsFAIR Data Object Assessment
Metrics [DH21]. In addition to a JSON representation of the resulting measurements the
F-UJI evaluator also provides a graphical representation of the achieved scores across the
different FAIR dimension as seen in Figure 5.6.

To integrate the results of the F-UJI evaluator into the prototype, we added the docker
image ghcr.io/pangaea-data-publisher/fuji. This service takes an identifier, extracted
for each dataset with a SPARQL query, to a hosted dataset and returns the evaluation
results and the results of individual tests in the format shown in Figure 5.7. In the
prototype, we provide a mapping of this structure to the proposed DMPQV model to
produce the respective quality measurements.

5.4 Discussion
In this section, we described the implementation details of a prototype of the proposed
DMP evaluation framework based on a use case derived from the DMP evaluation goals
proposed in this thesis and the Science Europe DMP Evaluation Rubric. The prototype
serves as a proof-of-concept implementation to show the feasibility of the proposed
solution for the evaluation of DMPs and to provide a basis for the evaluation of the
conceptual architecture. For deployments in real-life scenarios, the implementation can be
adapted depending on the given use-cases, and therefore the implementation is designed
to be easily adapted and extended.

Furthermore, we proposed vocabularies and data models and provided reference imple-
mentations, but in the long term, we highlight the need for a wider range of standards in
the ecosystem of maDMPs. The data models used to represent context in the reference
implementation are modeled to match the information received from the information
sources, namely OpenAire for information regarding datasets and Re3data for hosts, but
follow no universal standards. In the context of the reference implementation, we can
assume that all components can handle the vocabulary used since the components have
been implemented jointly. The use of any arbitrary vocabulary for the representation of

16https://www.f-uji.net/
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Figure 5.7: Structure of the evaluation result returned by the F-UJI [DH21] evaluator.

the context is sufficient for a reference implementation, but for an implementation on
a larger scale it might be necessary to propose to reuse more standardized formats to
represent the DMP context so as to enable interoperability between different systems.
Some already existing standards such as the Datacite Metadata Schema17, parts of
Schema.org18 or a subset of the vocabulary proposed in SKG-IF 19 could be reused for
this purpose. The proposed data structure for the representation of the DMP context is
flexible enough to accommodate different vocabularies in future implementations.

In addition to the proposed context format, the integration of Research Object Crates
(RO-Crates)20 can be considered to represent DMP context. RO-Crates is an approach
to package research data with their metadata. These packages are based on schema.org
annotations in JSON-LD and aim to make best practice in formal metadata description
accessible and practical for use in a variety of situations [SRSC+22].

17https://schema.datacite.org/
18https://schema.org/
19https://skg-if.readthedocs.io/
20https://www.researchobject.org/ro-crate/examples
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CHAPTER 6
Evaluation

In this chapter, we evaluate the proposed solution for the evaluation of DMPs based
on the case study presented in Chapter 5.4 and the implemented prototype. To show
the efficacy of the prototype, we provide a set of functional system tests that reference
the use cases and functional requirements outlined in Section 3.3 and show that the
requirements are covered.

Furthermore, given the evaluation goals and dimensions proposed in this thesis, we
provide examples of manual evaluation of certain metrics for a minimal DCS compliant
maDMP and compare the results of the manual evaluation with the corresponding quality
measurements produced by the prototype to show the accuracy of the measurements and
how these indicators can help reviewers. Additionally, we introduce some faults to this
minimal DMP and verify if the solution properly recognizes and expresses these errors.
Furthermore, we show to what extent the implemented quality indicators cover the given
evaluation goals and highlight common evaluation methods to show the suitability of
certain technologies for the provision of DMP quality measurements.

Finally, we focus on the coverage of the Science Europe Evaluation Rubric and show that
our additions to the DCS standard increase the coverage of these guidelines and investigate
the degree of automation achieved based on the availability of suitable evaluation criteria.

The objective of the evaluation is not to quantitatively evaluate the quality of any given
set of maDMPs but to show to what extent the proposed solution can help automate the
evaluation of DMPs. Therefore, as long as it is not specified otherwise, when mentioning
instances of DMPs we assume the minimal valid DCS DMP shown in Listing 2.1 which
is also hosted on Zenodo 1.

1https://zenodo.org/records/11670084
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6.1 Prototype Evaluation

In this section, we show that the proposed framework meets the requirements outlined
in Section 3.5 by providing functional tests for the implemented prototype. To provide
a base case for the functional tests, we use the minimal valid DCS DMP shown in the
Listing 2.1 as the default input for the test cases, as long as it is not mentioned otherwise.
A minimal DMP is sufficient for the evaluation of the prototype as this DMP can be
valid and therefore it is an input that enables the solution to address all given use cases.

The tests only address the requirements of the proposed DMP evaluation solution and
are independent of the actual resulting quality indicators. These are use-case-specific
and therefore consider them in a separate evaluation on the coverage of evaluation goals.
It should be noted that these tests are not concerned with correctness of individual
components specific to the case study, such as results of an individual evaluation, but
rather show that the system is able to provide the functionality demanded by the
requirements.

In the remainder of this section, we revisit the given use cases, argue how they have been
covered in the proposed conceptual architecture, and verify the efficacy of the prototype
by means of functional tests based on the given functional requirements. The given
functional tests are system tests that assess the integration of the whole system in a
realistic setting. Because we only want to show that the given requirements for the
solution are satisfied, one positive test case for each functional requirement is sufficient.

The remainder of the section gives an overview of the test to verify that the prototype
addresses all given requirements. Because the outputs of the solution are not human
readable we only give an overview of the implemented tests. For details regarding the
given tests we refer to the GitHub repository2 where artifacts of the prototype are hosted,
in particular the evaluation folder.

Most of the listed tests require the execution of the evaluation process as this integrates
the majority of the functionality such as loading of a DMP, preparation of DMP context
and the evaluation itself as well as the documentation of relevant evaluation metadata.
A full evaluation of a minimal DMP stored on the file-system as evaluation/minimal.json
for the DMP lifecycle published can be triggered using the /api/evaluation/evaluate Post
endpoint of the prototype with the payload listed in Listing 6.1. More documentation
regarding possible options is available in the Swagger documentation which is packaged
together with the prototype in the corresponding GitHub repository.

2https://github.com/larnhold/maDMP-Assesment
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1 {
2 "dmpLoaderParameters": {
3 "dmpLoader": "JSON-FILE",
4 "dmpIdentifier": "evaluation/minimal.json"
5 },
6 "dataLifecycle": "PUBLISHED"
7 }

Listing 6.1: Parameters for the /api/evaluation/evaluate endpoint of the prototype to
trigger the evaluation of the DMP stored on the file system as evaluation/minimal.json
using all available Evaluator components for the DMP lifecycle PUBLISHED.

6.1.1 UC1 Generate Measurements

The framework provides a pipeline to provide the necessary information for measurement
generation and outsources the evaluation itself to the Evaluator components. The
requirements associate the functional requirements FR1-FR6 with this use case, which
are listed in Table 6.1, 6.2, 6.3 and 6.4.

Test Name Load JSON DMP
Description Load the JSON representation of the minimal DMP using the

JSON DMP Loader component by invoking an evaluation
request. As part of the evaluation process the framework
should load the DMP and persist it using the Data Store
component which writes is to an RDF file.

Expected Result The resulting RDF file persisted in the data folder represents
the the given minimal DMP. For reference a corresponding
version of the minimal DMP in Turtle notation is in the
data/evaluation sub-folder of the prototype repository. The
existence and equivalence of the persisted normalized DMP
shows, that the prototype satisfies this requirement.

Achieved Result The data folder contains a .ttl file which is equivalent to the
reference minimal DMP in Turtle notation.

Test Passed Yes

Table 6.1: System test for FR1 Load maDMP.
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1 {
2 "dmpLocations" : [{
3 "identifier" : "https://w3id.org/dcso/ns/core#dmp_0",
4 "entity" : "https://w3id.org/dcso/ns/core#dmp_0_dataset_0"
5 }],
6 "sourceIdentifier" : "OPEN_AIRE",
7 "value" : '{
8 ...
9 "description": "The results of the experiment Analysis of

10 Performances of kNN and Random Forest. This files contain
11 the accuracy, precision, recall and fbeta scores for
12 various settings for K-Nearest Neighbors and Random Forest
13 for the datasets Zoo (https://www.openml.org/d/62) and
14 PhishingWebsites (https://www.openml.org/d/4534).",
15 "title": "Results: Analysis of Performances of kNN
16 and Random Forest",
17 ...
18 }',
19 "vocabularyIdentifier" : "DATASET"
20 }

Listing 6.2: Excerpt of context fetched from OpenAire containing information regarding
the dataset with DOI 10.5281/zenodo.4699026.

Test Name Load Dataset Context from OpenAire SKG
Description When initiating a full evaluation of the minimal DMP using

the prototype implementation the OpenAire Context Loader
component should identify the existence of the included
reference to a dataset with DOI
10.5281/zenodo.4699026 and retrieve the corresponding
context. As part of the evaluation process this context is then
persisted through the Data Store component.

Expected Result The resulting stored DMP context files persisted by the Data
Store in the data folder include the entry retrieved from
OpenAire for the given PID. Besides the existence of the
required context information, the context should also point to
the given dataset with PID 10.5281/zenodo.4699026 in
the DMP and specify OpenAire as the source.

Achieved Result The data folder contains a json file of the retrieved context.
An excerpt of this DMP context is listed in Listing 6.2. This
context includes the correct reference to the corresponding
DMP and it indicates OpenAire as the source of the
information.

Test Passed Yes

Table 6.2: System test for FR2 Fetch Context and FR3 Connect to SKGs and Repositories
and FR4 Export Context.
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1 {
2 "lifeCycleStage": {
3 "title": "PUBLISHED"
4 },
5 "isMeasurementOf": {
6 "identifier": "required_entity_or_property_existent",
7 "description": "Existence of a required entity or property
8 according to the specification",
9 "title": "DCS Completeness",

10 "inDimension": {
11 "inCategory": {
12 "title": "COMPLETENESS"
13 },
14 "title": "DCS_COMPLETENESS"
15 },
16 "applicableDMPLifeCycles": [
17 {
18 "title": "PLANNING"
19 }
20 ],
21 "expectedDataType": "http://www.w3.org/2001
22 /XMLSchema#boolean",
23 "metricTests": []
24 },
25 "computedOn": {
26 "entity": "https://w3id.org/dcso/ns/core#dmp_0"
27 },
28 "value": True,
29 "softwareAgent": {
30 "title": "Apache Jena SHACL Validator"
31 },
32 "testResults": []
33 }

Listing 6.3: DMPQV measurement asserting the completeness of the minimal DMP with
regard to the DCS application profile .
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Test Name Produce DCS Completeness Measurements
Description This test verifies that the solution enables the integration of

quality measurements by verifying the case of DCS
completeness evaluation given a minimal DMP. The user
invokes the evaluation of the minimal DMP with all available
Evaluator components. After the evaluation the solution
returns the result in the form of DMPQV measurements.

Expected Result Because the minimal DMP contains all entities and fields
required by the DCS application profile, the evaluation of
DCS completeness should consist of one measurement
indicating that the minimal DMP satisfies DCS completeness.
As the framework stores the evaluation result in the file
system through the Data Store component in the folder
data/store, the persisted file can be accessed to verify the
evaluation result. The test should include the assertion of
completeness of the given minimal DMP with regard to the
DCS application profile which the test verifies by checking if
the evaluation result contains a positive DCS completeness
measurement.

Achieved Result The returned measurements contain the DMPQV
measurement listed in Listing 6.3, which is a positive DCS
completeness measurement.

Test Passed Yes

Table 6.3: System test for FR5 Produce Measurements.
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1 {
2 "lifeCycleStage": {
3 "title": "PUBLISHED"
4 },
5 "isMeasurementOf": {
6 "identifier": "FsF-F1-01D",
7 "description": "Data is assigned a globally
8 unique identifier.",
9 "title": "FsF-F1-01D",

10 "inDimension": {
11 "inCategory": {
12 "title": "QUALITY_OF_ACTIONS"
13 },
14 "title": "FINDABLE",
15 "hasParentDimension": {
16 "inCategory": {
17 "title": "QUALITY_OF_ACTIONS"
18 },
19 "title": "FAIR"
20 }
21 },
22 "applicableDMPLifeCycles": [
23 {
24 "title": "PUBLISHED"
25 }
26 ],
27 "expectedDataType": "http://www.w3.org/2001
28 /XMLSchema#integer",
29 "metricTests": [
30 ...
31 ],
32 "valueUpperBound": "1",
33 "metricGroup": {
34 "identifier": "fuji_metric_group",
35 "title": "FUJI Metrics",
36 "description": ""
37 }
38 },
39 "computedOn": {
40 "entity": "https://w3id.org/dcso/ns/core#dmp_0_dataset_0"
41 },
42 "value": 1,
43 "softwareAgent": {
44 "title": "FUJI",
45 "description": ...
46 },
47 "testResults": [
48 ...
49 ]
50 }

Listing 6.4: Result of the F-UJI evaluator for the F-UJI metric-id FsF-F1-01D on a
dataset with DOI 10.5281/zenodo.4699026 converted to a DMPQV measurement.
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Test Name F-UJI Dataset FAIR Evaluation
Description The prototype contains the Achieved FAIRness Dataset

Evaluator which provides FAIR evaluation results for the
datasets referenced in the DMP by accessing the external
F-UJI FAIR evaluator. The minimal DCS DMP contains the
reference to one dataset with the DOI
10.5281/zenodo.4699026. When the evaluation process
is invoked, the prototype orchestrates the execution of the
available evaluators, including the Achieved FAIRness Dataset
Evaluator, and stores the result through the Data Store
component.

Expected Result The evaluation result should include the evaluation results
from F-UJI for the given dataset, converted into the common
DMPQV format for quality measurement representation. As
with the other functional tests we are not concerned about
the correctness of the result as it dependent on on the specific
implementation for the given evaluation scenario and in case
of the measurements in question even generated by an
external service. This test verifies that the resulting 16
measurements are converted from the F-UJI representation to
DMPQV and integrated into the overall evaluation result.

Achieved Result Listing 6.4 shows a resulting measurement which represents
the result from the F-UJI evaluator regarding their metric-id
FsF-F1-01D of the Findable FAIR principle. In total 16
measurements with F-UJI as the source are included in the
list of returned measurements.

Test Passed Yes

Table 6.4: System test for FR6 Connect to External Evaluators.

6.1.2 UC2 Retrieve Measurements

The proposed framework includes the DMPQV format for the presentation of DMP
quality metrics and the corresponding metadata. The test listed in Table 6.5 provides a
test that covers the corresponding functional requirements FR7 and FR8. According to
these requirements, the solution should be able to provide access to both measurements
and corresponding metadata of an evaluation without the need to re-run the evaluation
itself.
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Test Name Access Evaluation Result
Description After running the evaluation with default parameters for the

minimal DMP, the prototype returns the the internal
identifier of the evaluation in addition to the evaluation
measurements in DMPQV form. This identifier references the
location where the Data Store component persisted the
evaluation results. Using this identifier the test queries the
corresponding /api/evaluation/{evaluationId}/measurements
endpoint of the prototype to retrieve the stored DMPQV
measurements.

Expected Result The measurements retrieved by calling the corresponding
endpoint are equivalent to the ones stored on the filesystem
through the Data Store and in the DMPQV format. In the
prototype implementation the filename is equivalent to the
identifier of the evaluation and the storage location is the
folder data/store.

Achieved Result The measurements returned by the API are equivalent to the
ones stored in the data/store folder of the application.

Test Passed Yes

Table 6.5: System test for FR7 Export Measurements and FR 8 Export Evaluation
Metadata.

6.1.3 UC3 Generate Evaluation Report

While the DMPQV quality measurements contain all the information resulting from
the DMP evaluation, they might not provide immediate benefit to the reviewer. For
example, if a reviewer wants to know how many points a data set scores in a FAIR
evaluation or what the mean FAIR score is, then this information needs to be extracted
from the available measurements. As a proof of concept, we implemented the calculation
of sums and mean values over DMPQV dimensions to show how the information can be
processed. Therefore, Table 6.6 lists a test scenario to retrieve the sum and mean value
of the measurements in the availability dimension and verifies that the values are correct.

This implementation only provides limited possibilities to further process the resulting
DMPQV metrics to serve as a proof of concept. To satisfy a wider range of requirements,
further work could determine how these measurements could be generated using SPARQL
queries.
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1 {
2 "evaluationId": "2e24e85c-6174-45f4-ac32-821e7d16ff61",
3 "aggregateDimensions": [
4 "availability"
5 ],
6 "averageDimensions": [
7 "availability"
8 ]
9 }

Listing 6.5: Payload for a POST request to the /api/evaluation/createReport endpoint
to create an evaluation report for the evaluation with id 2e24e85c-6174-45f4-ac32-
821e7d16ff61. The evaluation report should contain the average and the sum of the
measurements of the Availability dimension.

1 {
2 "dmp": ...,
3 "dmpFormat": "RDF/JSON",
4 "measurements": ...,
5 "sums": {
6 "availability": 3.0
7 },
8 "averages": {
9 "availability": 0.5

10 }
11 }

Listing 6.6: Result of the evaluation report for an evaluation of the DMP dcs-repo-
examples/ex7-dataset-many.json from the repository of the prototype containing the sum
and the average of the measurement values of the Availability dimension.
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Test Name Evaluation Report Including a Sum and an Average
Description For this test case the evaluation of the DMP

ex7-dataset-many.json is required as a precondition. This
DMP contains 3 references that can be resolved and 3
references which are broken. After initiating the evaluation of
this DMP, the reference to the result is returned with which
the evaluation report can be requested with the intent to
contain the sum and the average of the values of the
measurements of the dimensions Availability. To get this
report the test calls the endpoint
/api/evaluation/createReport of the prototype implementation
with the payload as listed in Listing 6.5.

Expected Result The report contains, besides the DMP and the the harvested
context, the requested sum of the values in the availability
dimensions and the average of these values. Because boolean
values are assigned to false → 0 and true → 1, the sum is 3
and the average is 0.5, which can be interpreted that 50% of
the references are resolvable.

Achieved Result The resulting report contains the expected DMP and
associated context as well as the correct measurements for the
sum and average of values in the Availability dimension. An
excerpt of the result as returned by the prototype is listed in
Listing 6.6.

Test Passed Yes

Table 6.6: System test for FR9 Generate Evaluation Report, FR10 Aggregate Measure-
ments and FR11 Average Measurements.

6.2 Coverage of Evaluation Goals
In this section we discuss to what extent the evaluation goals G1 Completeness, G2
Feasibility, G3 Quality of Actions and G4 Guideline Compliance have been covered in
the implemented prototype and what technologies are involved in the implementation
to highlight common methods for the implementation of evaluator components. Table
6.7 lists these four evaluation goals and the corresponding evaluation dimensions that
address them in the proposed solution.

The goal G1 Completeness is distinguished by the two dimensions DCS Completeness
and Extension Completeness. In the prototype implementation, we addressed the DCS
Completeness with the DCS Completeness Evaluator and Extension Completeness with
the Science Europe Completeness Evaluator. Both evaluators provide the required
measurements by applying SHACL shapes and are therefore RDF based.
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G1 Completeness DCS Completeness ✓ ✓ ✓

Extension Completeness ✓ ✓ ✓

G2 Feasibility
Accuracy ✓ ✓ ✓ ✓

Availability ✓ ✓ ✓

Consistency
G3 Quality of Actions FAIR ✓ ✓ ✓

G4 Compliance DCS Compliance ✓ ✓ ✓

Extension Compliance ✓ ✓ ✓

Table 6.7: Summary of implementation details of evaluation goals and dimensions.

In this thesis, we map the goal G2 Feasibility to three dimensions Accuracy, Availability
and Consistency. The Accuracy dimension is addressed by the Accuracy Evaluator
which compares the information contained in a DMP with references sources from linked
resources such as the Re3Data repository and SKGs such as OpenAire. The Availability
dimension is covered by the Availability Evaluator which analyzed the identifiers provided
in a DMP. The Consistency dimension has not been addressed because we could not
find a sufficient set of rules from the available standards and guidelines, but we also
assume that a given DMP is consistent if it follows the DCS standard and also assume
that funder extensions do not add inconsistencies.

We set the goal G3 Quality of Actions to be equal the FAIR guiding principles and the
implemented Achieved FAIRness Dataset Evaluator automatically provides measurements
of these principles for the datasets referenced in a DMP by requesting FAIR indicators
from an external FAIR evaluator and integrates the received measurements into the
evaluation results.

In our solution, we cover the evaluation goal G4 Compliance with the two dimensions DCS
Compliance and Extension Compliance. The difference between those dimensions is based
on a distinction of the underlying source of compliance guidelines, but implementation-
wise all implemented evaluators targeting the Compliance goal use SHACL shapes to
verify whether the DMP meets the given requirements.
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6.3 Examples of Quality Measurements

To show the correctness of the resulting quality measurements, in the remainder of
this section, we provide examples by manually evaluating the minimal DMP shown
in the Listing 2.1 according to a subset of the goals and dimensions implemented in
the prototype and compare the resulting measurements with the result of a manual
evaluation. This minimal DMP is available in the Github repository of this thesis as
data/case-study/maDMPs/evaluation/minimal.json. For some cases we alter this minimal
DMP and add or remove certain information in order to enable the creation of different
quality measurements.

For each dimension considered, we provide positive cases where the DMP meets the
requirements and negative cases where we alter the given DMP to introduce an issue
that should be detected and included in the evaluation measurements. Together with
the introduction of these test cases we also show excerpts of artifacts produced by the
prototype solution including instances of the data structures presented in Chapter 4.3.4
such as DMPQV measurements.

6.3.1 G1 Completeness

For the examples regarding the goal G1 we consider the evaluation of the dimensions DCS
Completeness, but not Extension Completeness as the the generation of measurements
for metrics of both dimensions makes use of equivalent methods and only the definition
of the underlying guideline is different. We present two examples of DCS completeness
evaluation: One positive case where the DMP fulfills all completeness requirements and
one negative case where the DMP is missing a required item to be complete with regard
to the DCS application profile.

The minimal DMP, by definition, implements all entities and properties required by the
DCS application profile and therefore a manually conducted review would assess that
this DMP fulfills all completeness requirements requirements given the DCS application
profile.

To verify this condition using the prototype produces produces a measurement of the
required_entity_or_property_existent metric which indicates that the DMP fulfills this
requirement. This is a measurement we already discussed in Section 6.1 as part of the
verification of the requirements on the implemented prototype and an excerpt is shown
in Listing 6.3.

We introduce an error in the given DMP and then verify that the prototype implementation
recognizes this error and provides information to assist the human reviewer. Starting from
the minimal DMP we delete the included contact entity and all underlying properties
such as mbox and name as well as the included sub-entity contact_id with it’s properties
identifier and type.
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From a manual evaluation point of view there are 6 required elements missing in the
DMP where the element contact is the only one that is a direct successor of an existing
element in the DMP, namely the dmp root element.

Listing 6.7 shows the measurement produced by the prototype showing that a Contact
entity for the Dmp entity is missing, indicated by the lack of the corresponding relation
hasContact. The other 5 missing entities are implicitly included in this measurement
although the solution cannot provide explicit measurements for them, because the
corresponding SHACL queries would be applied to a Contact entity and this entity is
not existing.

6.3.2 G2 Feasibility

For the evaluation goal Feasibility we provide examples of measurements for the imple-
mented dimensions Accuracy and Availability and show the correctness of each example
by comparing the result of a manual evaluation with the corresponding measurements of
the automated indicators produced by the prototype.

The minimal DMP used throughout the evaluation contains one dataset with the DOI
PID 10.5281/zenodo.4699026 which refers to a dataset hosted on Zenodo. This
dataset contains CSV files resulting from an analysis of Performances of kNN and Random
Forest. For the evaluation of the feasibility category the content of the dataset is not
being considered but the properties of the PID and the associated metadata which can
be harvested using this identifier are relevant for the evaluation of Feasibility.

Accuracy

The minimal DMP does not include sufficient information to provide an illustrative
example of accuracy evaluation. Therefore we manually gathered more metadata for the
associated dataset with DOI 10.5281/zenodo.4699026 and included the resulting
information in the respective entries for this dataset in the minimal DMP. The updated
Dataset entity is listed in Listing 6.8.

After running the evaluation we can observe that the prototype stores the gathered
context in the data/store folder relative to the location of the execution. Table 6.8
shows the information gathered from the OpenAire service for the dataset with DOI
10.5281/zenodo.4699026 and the respective name of the property as received from
OpenAire as well as the corresponding entity and property from the DCS application
value together with its current value in the extended minimal DMP. Similarly, Table
6.9 shows the information harvested for the Host Zenodo from re3data. For some cases
their exist no corresponding property in the Host entity of the DCS standard directly,
but this information is contained in higher level entities. Therefore some information
received from re3data has to be matched with information contained in the Dataset and
Distribution entities.
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1 {
2 "measurements":[{
3 "lifeCycleStage":{
4 "title":"PUBLISHED"
5 },
6 "isMeasurementOf":{
7 "identifier":"required_entity_or_property_existent",
8 "description":"Existence of a required entity or
9 property according to the specification",

10 "title":"DCS Completeness",
11 "inDimension": {
12 "title":"DCS_COMPLETENESS",
13 ...
14 },
15 "applicableDMPLifeCycles":...,
16 "expectedDataType":"http://www.w3.org/2001
17 /XMLSchema#boolean",
18 "metricTests":[]
19 },
20 "guidance":{
21 "title":"SHACL Report",
22 "description":"<https://w3id.org/dcso/ns/core#hasContact>:
23 minCount[1]: Invalid cardinality:
24 expected min 1: Got count = 0"
25 },
26 "computedOn":{
27 "entity":"https://w3id.org/dcso/ns/core#dmp_0"
28 },
29 "value":false,
30 "softwareAgent":{
31 "title":"Apache Jena SHACL Validator"
32 }
33 }]
34 }

Listing 6.7: DMPQV DCS Completeness measurement indicating the lack of a Contact
for the DMP dmp_0. The expected amount of hasContact relations is 1 but none has
been identified.

111



6. Evaluation

1 "dataset": [
2 {
3 "dataset_id": {
4 "identifier": "10.5281/zenodo.4699026",
5 "type": "doi"
6 },
7 "title": "Results: Analysis of Performances of kNN
8 and Random Forest",
9 "personal_data": "unknown",

10 "sensitive_data": "unknown",
11 "keyword": ["classification", "sklearn", "scikit-learn"],
12 "distribution": [{
13 "title": "Results: Analysis of Performances of kNN
14 and Random Forest"
15 "access_url": "https://zenodo.org/records/4699026",
16 "data_access": "open",
17 "format": ["csv"],
18 "license": [{
19 "license_ref": "https://creativecommons.org/
20 licenses/by/4.0/legalcode"
21 }],
22 "host": {
23 "url": "https://zenodo.org/",
24 "title": "zenodo",
25 "pid_system": ["doi"],
26 "support_versioning": "yes"
27 }
28 }],
29 "metadata": [{
30 "language": "Dublin Core",
31 "metadata_standard_id": {
32 "identifier": "https://www.dublincore.org/
33 specifications/dublin-core/dcmi-terms/",
34 "type": "http"
35 }
36 }]
37 }
38 ]

Listing 6.8: Additions of manually researched information to augment the information
contained in the the minimal DMP regarding the included Dataset entity as a basis for
automated accuracy evaluation.
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DCSO OpenAire

E
nt

it
y

Property Value Property Value

D
at

as
et

dataset_id 10.5281/zenodo.
4699026

PID 10.5281/zenodo.
4699026

description - Description -
language - Language -

title Results: Analysis of
Performances of kNN8 and

Random Forest

Title Results: Analysis of
Performances of kNN8

and Random Forest
keyword classification, sklearn,

scikit-learn
Subject classification, sklearn,

scikit-learn

D
ist

rib
ut

io
n

data_access open Access
Rights

open

access_url https://zenodo.org/ Publisher https:
//zenodo.org/

format CSV Format -
title Results: Analysis of

Performances of kNN8 and
Random Forest

Title Results: Analysis of
Performances of kNN8

and Random Forest
byte_size - Size -

Li
ce

ns
e

license_ref https:
//creativecommons.
org/licenses/by/4.

0/legalcode

License https:
//creativecommons.
org/licenses/by/4.

0/legalcode

Table 6.8: Instance of mapping of fields from the OpenAire Data Model to the DCS
application profile for the dataset with DOI 10.5281/zenodo.4699026.
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DCSO Re3Data
E
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y

Property Value Property Value

H
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t

pid_system doi pidSystem doi
url https://

zenodo.org/
repositoryURL https:

//zenodo.org/

support_versioning yes versioning yes
certified_with - certificate -

D
at

as
et

metadata DCMT metadataStandard DCMT

D
ist

rib
ut

io
n

data_access open dataAccess open

Table 6.9: Instance of mapping of fields from the re3data Data Model to the DCS
application profile for the host with URL https://zenodo.org/.

Based on the available harvested context, the prototype implementation provides mea-
surements for the accuracy of selected properties contained in the givenDMP by com-
paring the values stated in the DMP with the corresponding entries in the context
according to the proposed mapping. Listing 6.9 shows a resulting DMPQV mea-
surement indicating that the title of the referenced dataset with internal reference
https://w3id.org/dcso/ns/core#dmp_0_dataset_0 is accurate, citing the con-
text retrieved from OpenAire as proof.

These measurements are produced for every match between DMP property and mapped
context and in case there is a mismatch between the two sources then the corresponding
measurement indicates this by setting value = false. Additionally in such cases the
prototype provides guidance for the reviewer which includes more information on the
discrepancy and the expected value. As an example we change the value of the title entity
of the only dataset contained in the previously mentioned extended minimal DMP with
some arbitrary value. After rerunning the evaluation the resulting accuracy measurement
is similar to the previous measurements of a correct DMP listed in Listing 6.9, but
contains the value false. Furthermore the measurement contains a Guidance entity as
listed in 6.10 which explains the negative result of the accuracy measurement for a human
reviewer.
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1 {
2 ...,
3 "isMeasurementOf":{
4 "identifier":"property_matches_ground_truth_metric",
5 "description":"Indicate that the value of a property is
6 correct if there is some reference data that can be assumed to
7 be true: Compared with OPEN_AIRE",
8 "title":"Property matches Ground Truth",
9 "inDimension":{

10 "inCategory":{
11 "title":"FEASIBILITY"
12 },
13 "title":"ACCURACY"
14 },
15 ...
16 "expectedDataType":"http://www.w3.org/2001/
17 XMLSchema#boolean",
18 "metricTests":[]
19 },
20 "computedOn":{
21 "entity":"https://w3id.org/dcso/ns/core#dmp_0_dataset_0",
22 "property":"http://purl.org/dc/terms/title"
23 },
24 "value":"true",
25 ...
26 }

Listing 6.9: Measurement showing a successful accuracy measurement of the title of a
Dataset by comparing it with a value fetched through the OpenAire context.

Availability

The prototype implementation automatically verifies the availability of all identifiers and
URLs mentioned in the DMP to be evaluated by pinging the associated resource and
examining the resulting HTTP response code. As an example for measurement of this
dimension we discuss measurements targeting the existence of the resource referenced
by the identifier for the dataset included in the minimal DMP listed in Listing 2.1.
This identifier contains the reference 10.5281/zenodo.4699026 which is a DOI that
properly resolves to https://zenodo.org/records/4699026. A manual ping of
this URL return the HTTP status code 200 OK. After executing the automated evaluation
of the minimal DMP using the prototype implementation, the result contains an accuracy
measurement for the mentioned identifier as listed in Listing 6.11. The measurement
indicates that the evaluator was successful in verifying the existence of the resource
referenced by this identifier.
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1 {
2 ...,
3 "guidance":[
4 {
5 "title":"DMP value inconsistent with
6 available context.",
7 "description":"Value received from OpenAire
8 is 'Results: Analysis of Performances
9 of kNN and Random Forest.'"

10 }
11 ],
12 ...
13 }

Listing 6.10: Guidance included in a negative accuracy measurement giving more infor-
mation on the encountered discrepancy between DMP value and reference value of a
dataset’s title.

After changing the identifier of this dataset to an arbitrary value, which does not resolve
using a DOI resolution service, the resulting measurement indicates this by providing the
value false for the corresponding accuracy measurement for the identifier.

6.3.3 G3 Quality of Actions
The prototype evaluates the goal Quality of Actions using the dimensions of the Findable,
Accessible, Interoperable, Reusable (FAIR) principles. Furthermore the actual evaluation
of these metrics is outsourced to F-UJI, an external service and FAIR evaluator. The
prototype assumes that the returned measurements are correct as re-verification of the
outputs of F-UJI are out of the scope of this thesis. Therefore we do not provide further
examples of FAIR measurements but refer to the work of Devaraju et al. [DH21] for
more information on the processing of respective FAIR metrics. In Section 6.1 we show
how the prototype of the DMP Evaluator accesses the resulting indicators returned by
F-UJI and Listing 6.4 shows an example how these indicators are integrated into the
result by converting them into DMPQV measurements.

6.3.4 G4 Guideline Compliance
In the conceptual design of a DMP evaluation solution we proposed 3 dimensions covering
the goal G2 Compliance, namely Guideline Compliance, DCS Compliance and Extension
Compliance. Because DCS Compliance and Guideline Compliance share the same types
of metrics with the difference only lying in the underlying guidelines used as a reference
for the definition of the evaluation metrics. Because the DCS application profile is a
well defined standard we therefore give an example of a compliance measurement for the
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1 {
2 "lifeCycleStage":{
3 "title":"PUBLISHED"
4 },
5 "isMeasurementOf":{
6 "identifier":"existence_of_linked_resource_metric",
7 "description":"Availability of a linked resource:
8 10.5281/zenodo.4699026",
9 "title":"Existence of linked resource",

10 "inDimension":{
11 "inCategory":{
12 "title":"FEASIBILITY"
13 },
14 "title":"AVAILABILITY"
15 },
16 "applicableDMPLifeCycles": ...,
17 "expectedDataType":"http://www.w3.org/2001
18 /XMLSchema#boolean",
19 "metricTests":[]
20 },
21 "computedOn":{
22 "entity":"https://w3id.org/dcso/ns/core
23 #dmp_0_dataset_0",
24 "property":"https://w3id.org/dcso/ns/core
25 #dmp_0_dataset_0_datasetId_0"
26 },
27 "value":"true",
28 "softwareAgent": ...
29 }

Listing 6.11: DMPQV measurement indicating the availability of the dataset with DOI
10.5281/zenodo.4699026.

dimension DCS Compliance and not Extension Compliance. Furthermore we provide an
example for the evaluation dimension Guideline Compliance by providing a measurement
for a guidance item of the Science Europe DMP Evaluation Rubric.

DCS Compliance

As outlined in the conceptual design in Chapter 4.3.4 we propose to measure DCS
Compliance using a variety of metrics such as Multiplicity Constraint, Blacklist Vocabulary
Constraint, Value Pattern Constraint and Guideline Verification as a generic metric. As
we showed in Section 6.2 in the reference implementation these metrics are implemented
using SHACL queries.
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As an illustrative example of DCS Compliance evaluation we consider the verification
of the correct format of date values in a DCS DMP as an instance of a Value Pattern
Constraint. The DCS application profile requires the dates to be compliant with ISO
8601. As such the value for the field dmp/created in the minimal DMP is 2023-10-
23T10:10:23.6, which is an ISO 8601 compliant string. As with other SHACL based
measurement generated by the solution, one DMPQV measurement is created if the given
pattern constraint is valid for the entire DMP which results in the measurement listed in
Listing 6.12 for the correct minimal DMP.

For the negative test case we change the value of the field dmp/created in the minimal
DMP to the value incorrect, which is undoubtedly not an ISO8601 compliant date string.
As a result the measurements of this altered minimal DMP do no longer state that all
date fields are ISO8601 compliant, but instead contains the measurement shown in Listing
6.13, which highlights, that the property created of the entity dmp_0 contains a value
which is not DCS compliant and also includes two items of guidance for the reviewer.

Science Europe Guideline Compliance

In the prototype implementation we use the Science Europe DMP evaluation rubric
contained in the Practical Guide to the International Alignment of Research Data
Management [Eur21] as an instance of funder’s DMP requirements. This evaluation
rubric contains a multitude of guidelines, out of which only a limited amount contains
sufficient evaluation criteria to facilitate an automated evaluation.

As an illustrative example we evaluate the extended minimal DMP, which includes
information regarding the distribution and host of the contained dataset, which is
available in the repository of the prototype repository as minimal-with-host.json. We
review a guideline from category 3a which has following description:

How will data and metadata be stored and backed up during the research?

The category contains following guideline which we address in this example:

Give preference to the use of robust, managed storage with automatic
backup, such as provided by IT support services of the home institution.

As we outlined in Section 5.3.2, the implementation of the Evaluator component for this
makes use of the data provided by FAIRSharing3, as a reference to judge if the use of
certain standards or services mentioned in the DMP endorsed by the wider community.
Without such a reference it is impossible to answer the given guideline.

According to the proposed mapping of Science Europe guidelines to respective entries
in the DCS application profile and the proposed Science Europe extension presented

3https://fairsharing.org/
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1 {
2 ...,
3 "isMeasurementOf":{
4 "identifier":"dcs_value_pattern_compliance_metric",
5 "description":"Restrictions on pattern of values
6 according to the DCS application profile",
7 "title":"DCS Value Pattern Constraint",
8 "inDimension":{
9 "inCategory":{

10 "title":"COMPLIANCE"
11 },
12 "title":"DCS_COMPLIANCE",
13 "hasParentDimension":{
14 "inCategory":{
15 "title":"COMPLIANCE"
16 },
17 "title":"GUIDELINE_COMPLIANCE"
18 }
19 },
20 ...,
21 "expectedDataType":"http://www.w3.org/2001/
22 XMLSchema#boolean",
23 "metricTests":[]
24 },
25 "computedOn":{
26 "entity":"https://w3id.org/dcso/ns/core#dmp_0",
27 "property":""
28 },
29 "value":True,
30 "softwareAgent":{
31 "title":"Apache Jena SHACL Validator"
32 },
33 "testResults":[]
34 }

Listing 6.12: DMPQV measurement indicating that all fields in the DMP that should be
in ISO8601 format according to the DCS standard are valid.
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1 {
2 ...,
3 "isMeasurementOf":{
4 "identifier":"dcs_value_pattern_compliance_metric",
5 ...
6 "inDimension":{
7 "inCategory":{
8 "title":"COMPLIANCE"
9 },

10 "title":"DCS_COMPLIANCE",
11 ...
12 },
13 "applicableDMPLifeCycles": ...,
14 "expectedDataType":"http://www.w3.org/2001/
15 XMLSchema#boolean",
16 "metricTests":[]
17 },
18 "guidance":[
19 {
20 "title":"SHACL Report",
21 "description":"<https://w3id.org/dcso/ns/core#created>:
22 Pattern[^[0-9]{4}-[0-9]{2}-[0-9]{2}T[0-9]{2}:[0-9]{2}
23 :[0-9]{2}(Z|[+-][0-9]{2}:[0-9]{2})$]:
24 Does not match: 'created'"
25 },
26 {
27 "title":"Invalid Date",
28 "description":"The given value is not
29 an ISO8601 compliant date"
30 }
31 ],
32 "computedOn":{
33 "entity":"https://w3id.org/dcso/ns/core#dmp_0",
34 "property":"https://w3id.org/dcso/ns/core#created"
35 },
36 "value":False,
37 "softwareAgent":{
38 "title":"Apache Jena SHACL Validator"
39 }
40 }

Listing 6.13: DMPQV measurement highlighting that the value for the property created
of the entity dmp_0 is not an ISO8601 compliant date.
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in Section 5.3.2, the information necessary to evaluate this question is present in the
distribution/host property defined by the DCS. The corresponding reference values of
community accredited hosts are represented by the FAIRSharing entity Database. The
host value given in the DMP to be evaluated is zenodo and a manual lookup confirms
that this host is registered in FAIRSharing with the DOI URL https://doi.org/10.
25504/FAIRsharing.wy4egf. Therefore the result of a manual evaluation is, that
the given DMP fulfills the given guideline of giving preference to robust storage.

Similarly the evaluation result from the automated evaluation of the prototype contains
the measurement shown in Listing 6.14 which indicates the same result thorough the
value true. What is noticeable about this particular measurement is the use of nested
Evaluation Dimension entities in order to properly model the hierarchy of the of the
given evaluation rubric. Through the use of sub-dimension, all structural information
from the requirement of the guideline is persisted in the measurement while the metric
itself is based on the metric with identifier science_europe_guideline_verification_metric
which can help machines interpret the measurement.

If we change the name of the host in the DMP to a value which has no corresponding entry
in the FAIRSharing registry, then the resulting measurement correspondingly indicates
this by having a a value of false.

6.4 Evaluation of Science Europe DMP Evaluation Rubric
In this section, we evaluate the degree to which the proposed Science Europe funder
extension increases the coverage of guidelines expressed by the corresponding Science
Europe DMP Evaluation Rubric [Eur21]. In addition to showing the utility of the
proposed funder extension, we also discuss the viability of these guidelines as a baseline
for automated indicators.

To this extent, we evaluate to what extent the elements in the Science Europe Evaluation
Rubric can be represented by a mapping to elements in the DCS application profile and
then compare this result with a mapping of the same guideline items to the union of
DCS application profile and the proposed Science Europe funder extension.

We define that a guideline is largely covered if the information required by a guideline
can clearly be represented by the selected entry in the DMP. If the mapping is not
obvious but it can still be argued that the information required by the guideline could be
contained in a field in the DMP then we mark this mapping as partially covered. In all
other cases, the selected guideline is marked as not covered.

The proposed alignment of elements of the Science Europe Evaluation Rubric to the
DCS application profile and the Science Europe Funder Extension is independent of the
semantics of the guideline and independent of the ability of the mapping to automatically
provide an answer based on the semantic meaning of the guideline in question. Therefore,
we provide a strict distinction between the possibility of mapping and the possibility of
automated evaluation.
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1 {
2 ...,
3 "isMeasurementOf":{
4 "identifier":"science_europe_guideline
5 _verification_metric",
6 "description":"Indicates if a guideline of the S
7 cience Europe DMP Evaluation Rubric
8 is fulfilled or not.",
9 "title":"Science Europe Guideline Verification",

10 "inDimension":{
11 "title":"Give preference to the use of robust,
12 managed storage with automatic backup, such as
13 provided by IT support services of the
14 home institution.",
15 "hasParentDimension":{
16 "title":"How will data and metadata be stored
17 and backed up during the research?",
18 "hasParentDimension":{
19 "title":"SCIENCE_EUROPE_GUIDELINE
20 _COMPLIANCE",
21 "hasParentDimension":{
22 "inCategory":{
23 "title":"COMPLIANCE"
24 },
25 "title":"GUIDELINE_COMPLIANCE"
26 }
27 }
28 }
29 },
30 "applicableDMPLifeCycles":[
31 {
32 "title":"PLANNING"
33 }
34 ],
35 "expectedDataType":"http://www.w3.org/2001/
36 XMLSchema#boolean",
37 "metricTests":[]
38 },
39 "computedOn":{
40 "entity":"https://w3id.org/dcso/ns/core#
41 dmp_0_dataset_0_distribution_0_host_0"
42 },
43 "value":"true",
44 ...
45 }

Listing 6.14: Resulting DMPQV measurement of the automated evaluation of a guideline
of the Science Europe DMP evaluation rubric. The hierarchy of the entries in the
evaluation rubric is modelled through the use of nested Evaluation Dimension entities122
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Category Largely
Covered

Partially
Covered

Not
Covered

#

General Information 1 100,00% 0 0,00% 0 0,00% 1
Data Description and

Collection or Reuse of Existing
Data

4 44,44% 2 22,22% 3 33,33% 9

Documentation and Data
Quality

6 85,71% 0 0,00% 1 14,29% 7

Storage and Backup During
the Research Process

4 66,67% 0 0,00% 2 33,33% 6

Legal and Ethical
Requirements, Codes of

Conduct

3 50,00% 2 33,33% 1 16,67% 6

Data Sharing and Long-Term
Preservation

8 66,67% 4 33,33% 0 0,00% 12

Data Management
Responsibilities and Resources

6 85,71% 1 14,29% 0 0,00% 7

Total 32 66,67% 9 18,75% 7 14,58% 48

Table 6.10: Extent coverage of the Science Europe DMP Evaluation Rubric by the DCS
Standard.

The result of our mapping is shown in Table 6.10. In addition to the 66, 67% that can be
unambiguously assigned to an entry in the DCS standard, there are also 18, 75 that do
not have a distinct correlation with any DCS field, but the information can be assumed
to be contained in a more generic field and could therefore be partially covered. For
14, 58% of the items in the Evaluation Rubric we were unable to deduce a mapping to
the DCS profile.

To increase the coverage of the DCS application profile, Cardoso et al. [CJM+20] proposed
an extension for the DCS standard to increase coverage of a variety of funder templates.
As a consequence of the implementation of a prototype of the DMP evaluation framework
proposed in this thesis, we extended this proposed funder extension in Section 5.1.1 to
specifically provide better coverage of the Science Europe DMP evaluation rubric. Table
6.11 shows the extent to which the union of DCS profile and the extension cover the items
of the Science Europe Evaluation Rubric based on our assesment. By adding properties
to the extension that explicitly address items in the Evaluation Rubric, all items can be
mapped to a corresponding field in the DMP. Despite this perfect coverage, it should be
noted that this value represents just the coverage and gives no indication of the quality
of the evaluation that this mapping enables.
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Category Largely
Covered

Partially
Covered

Not
Covered

#

General Information 1 100,00% 0 0,00% 0 0,00% 1
Data Description and

Collection or Reuse of Existing
Data

9 100,00% 0 0,00% 0 0,00% 9

Documentation and Data
Quality

7 100,00% 0 0,00% 0 0,00% 7

Storage and Backup During
the Research Process

6 100,00% 0 0,00% 0 0,00% 6

Legal and Ethical
Requirements, Codes of

Conduct

6 100,00% 0 0,00% 0 00,00% 6

Data Sharing and Long-Term
Preservation

12 100,00% 0 0,00% 0 0,00% 12

Data Management
Responsibilities and Resources

7 100,00% 0 0,00% 0 0,00% 7

Total 48 100,00% 0 0,00% 0 0,00% 48

Table 6.11: Extent coverage of the Science Europe DMP Evaluation Rubric by adding
the proposed Science Europe Funder extension to a DCS DMP.

Lastly, we discuss the viability of the Science Europe DMP Evaluation Rubric as a baseline
for the definition of DMPQV metrics. In Section 5.3.2 we implemented an Evaluator
component with the intention of automatically providing indicators that address the
questions of the rubric. As part of the creation of these indicators, an evaluation condition
is required as an interpretation when a certain guideline is fulfilled by the DMP. However,
as Table 6.12 highlights, only a fraction of the items in the guideline provide a condition
that is sufficient to provide an interpreted result. This is the case because most of
the guidelines only ask for the existence of some information, which can be verified by
checking the existence of the corresponding mapped field in the DMP. Only 4 out of 48
distinct items in the guideline specify requirements in addition to the mere existence of
some information.

Therefore, the Science Europe DMP Evaluation Rubric has only limited use as a baseline
for automated indicators due to the lack of machine-actionable conditions that specify
when a DMP fulfills a guideline. Future work can focus on specifying conditions that can
automatically be evaluated to truly enable automated evaluation of funder guidelines.
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Category Sufficient Evaluation
Condition

#

General Information 0 0,00% 1
Data Description and Collection or Reuse of

Existing Data
1 11,11% 9

Documentation and Data Quality 1 14,29% 7
Storage and Backup During the Research

Process
1 16,67% 6

Legal and Ethical Requirements, Codes of
Conduct

0 0,00% 6

Data Sharing and Long-Term Preservation 1 8,33% 12
Data Management Responsibilities and

Resources
0 0,00% 7

Total 4 8,33% 48

Table 6.12: Extent of items in the Science Europe Evaluation Rubric with sufficient
evaluation conditions to provide automated indicators besides verification of existence of
a property.
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CHAPTER 7
Conclusion and Future Work

DMPs aim to promote good data management practices in scientific and research contexts.
Initially being a static text document required by funders when applying for grants, the
focus of DMPs has shifted to machine actionability in order to make DMPs a living
document that can add value in different phases of the research data life cycle. Miksa
et.al [MWN+21] proposed the DCS application profile which is the RDA standard for
maDMPs. As a result, various aspects of RDM could already be automated, reducing
administrative burden and improving processes involved in RDM. Still, to our knowledge
there exists no automated solution that provides the ability to evaluate the contents in a
maDMP including the requirements given by funding bodies.
In this thesis, we explored the possibilities of automated evaluation of DMPs both from
a general perspective and from the perspective of compliance with funder requirements.
After investigating the literature in the relevant fields of data quality standards, FAIR
evaluation, semantic web technologies and DMPs, we collected requirements for a solution
for the automated evaluation of DMPs, based on previous work on maDMPs and
community requirements to address the problem stated in the motivation of this thesis.
We proposed a conceptual design for a framework for the automated evaluation of DMPs
that addresses the given requirements as well as a taxonomy of evaluation goals and
dimensions and corresponding types of evaluation metrics. Additional artifacts include a
proposal of the DMPQV vocabulary for the communication of DMP quality measurements
as well as a mechanism to represent contextual information for a given maDMP.
To evaluate the proposed framework, we implemented a prototype of the solution as a
Java Spring application and provided a case study for the evaluation of the guidelines
published by Science Europe in the Practical Guide to the International Alignment of
Research Data Management. To cover the guidelines contained in this evaluation rubric,
we proposed an extension to the DCS standard. In addition to the implementation
of Evaluators that address these requirements, we also considered funder independent
metrics derived from the evaluation goals of Completeness, Feasibility, Quality of Actions
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and Compliance. Furthermore, we provided examples of DMP evaluation scenarios and
compared the resulting DMPQV measurements with the results of a manual assessment.

The result of the evaluation shows that the prototype of the proposed solution meets
the requirements and addresses the given use cases and functional requirements. The
proposed solution is capable of automatically generating quality measurements and
evaluation reports and provides access to the information produced in a standardized
format. However, while the solution can automatically produce these indicators, the
quality of the measurements is dependent on the available guidelines, and while we
are able to cover all information required by the Science Europe Evaluation Rubric
with the proposed extension, more precise evaluation criteria are needed to improve the
meaningfulness of the evaluation result.

7.0.1 Review of Research Questions

In this section we revisit the research questions defined in the introduction of this thesis.
We summarize how they have been answered and provide references to relevant parts of
the thesis.

RQ1 To what extent can maDMPs be automatically validated with respect
to goals G1 - G4?

In Section 2.2 we investigated what kind of data quality metrics have been proposed in
literature and align them with the DMP evaluation goals G1 Completeness, G2 Feasibility,
G3 Quality of Actions and G4 Compliance proposed by Miksa et al. [MSS+23]. Based
on this alignment, we proposed a taxonomy in Section 4.1.2 that assigns each DMP
evaluation goal to an evaluation category and each category the corresponding evaluation
dimensions, which is shown in Figure 4.6. For each of these dimensions, we proposed
templates of indicators that characterize parts of an evaluation dimension.

As part of the implementation of a prototype, in Section 5.3.2, we provided details on the
implementation of the evaluator components responsible for the generation of the proposed
DMP quality measurements based on the proposed metric types. The measurement
generation processes utilizes different methods and technologies which we summarized
in Table 6.7. We therefore showed how semantic web technologies, SKGs and FAIR
evaluation tools can be leveraged to provide these measurements. Furthermore, all the
measurements provided can be automatically produced, although human interpretation
is necessary to provide a final evaluation result.

Furthermore, in Section 6.3, we provide examples of measurements of automated indicators
for the given review goals which have been produced by the reference implementation
and compare them with the results of corresponding manual assessments.
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RQ2 To what extent can the coverage of funder guidelines according to G4
Guideline Compliance be increased by adapting the RDA DMP Common
Standard?

We identified the Science Europe DMP Evaluation Rubric as a DMP guideline that
represents the requirements of major European funding organizations. Cardoso et al.
[CJM+20] proposed an extension to increase the coverage of the most prominent DMP
funder templates and in Section 2.5.1 we gave an overview of this proposal as a starting
point for further adaptations. Based on this preliminary work, we proposed further
additions to this extension in Section 5.1.1 to increase the coverage of the information
required by the Science Europe DMP guidelines. In Section 6.4 we evaluated the coverage
of the proposed extension by mapping the corresponding question in the Science Europe
DMP Evaluation Rubric and show that each given question can be mapped and answered
by a corresponding entry in the DCS application profile or the proposed funder extension.
Therefore we where able to extend the coverage of the Science Europe DMP evaluation
rubric by a maDMP to 100%.

RQ3 What is a conceptual framework that provides automated indicators
that measure aspects of the quality of a maDMP at different stages of the
research data lifecycle?

A main contribution of this thesis is the conceptual design of a framework for the
automated evaluation of DMPs in Chapter 4.3.4 based on the requirements elaborated
in Chapter 3.5. We described the reference architecture using parts of the TOGAF EA
framework and proposed a business architecture and an information systems architecture
based on the arc42 architecture documentation template.

As part of the proposed business architecture, we provided an overview of the processes
involved in the automated evaluation of DMPs from a nontechnical point of view. We
showed what steps are involved in the automated evaluation of DMPs and proposed a
taxonomy of evaluation categories, dimensions, and metric templates as a reference for
implementations.

As part of the information systems architecture, we described the data architecture, as
well as the application architecture of the conceptual framework. In the scope of the data
architecture, we proposed the Data Management Plan Quality Vocabulary (DMPQV) in
Section 4.2.1 as a means to represent DMP quality measurements and the corresponding
metadata based on a set of competency questions. This vocabulary also considers the
generation of metric measurements at different stages of the DMP lifecycle. Furthermore,
in Section 4.2.2, we proposed a structure to provide contextual information to augment
the content of a DMP and make referenced information explicitly available.

In Section 4.3 we outlined the application architecture for a conceptual framework for
the automated evaluation of DMPs which is able to produce DMPQV measurements for
the different stages of the DMP lifecycle. Due to the modular architecture it is possible
to dynamically invoke evaluators responsible for the given DMP lifecycle. Following the
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arc42 architecture template, we described the components of the framework from various
levels of abstraction, as well as their interactions associated with the fulfillment of the
given requirements.

In Chapter 5.4 we showed the feasibility of the proposed framework by implementing
a prototype. In addition to instantiating the artifacts proposed in the conceptual
architecture, we conducted a case study to provide automated indicators regarding the
DMP requirements given by the Science Europe DMP Evaluation Rubric and extended
the implementation accordingly.

Finally, in Chapter 6.4, we evaluated the efficacy of the proposed conceptual reference
architecture by providing functional tests for the prototype, to validate the coverage
of the use cases and functional requirements outlined in Chapter 3.5 and discuss how
the DMP evaluation goals have been implemented in the prototype. Furthermore, we
evaluated the case study by comparing the coverage and achieved automation of the
evaluation of the Science Europe DMP guidelines and compare our results with previous
studies.

7.1 Future Work
In this thesis we investigated the possibilities of automated evaluation of DMPs based on
previous work of Miska et al. [MSS+23]. Although our proposed work provides a more
detailed view of this topic and the proposed solution covers a wide range of evaluation
requirements, we also identified further topics that can be explored in this area.

Our solution provides automated measurements in the DMPQV format. But the proposed
and implemented metrics share the constraints that only machine-actionable parts are
considered to also mitigate the issue of automation bias. As Miksa et al. [MSS+23]
point out, the integration of non-machine-actionable parts of a DMP could be included
in the evaluation to provide further insight. As such, for example, free-form text could
be included in the evaluation using NLP technologies. This raises the question of how
free-form text should be verified and if the solution should automatically provide an
opinion on the values or just highlight and extract relevant parts for later manual review.

Currently, SHACL shapes verifying the requirements of the DCS application profile and
extensions are manually derived from the corresponding standard. The issue with this
approach is that if the standard changes, then the shapes need to be adapted, and also
the integration of new shapes for new extensions might contain repetitive work that could
be automated. Cimmino et al. [CFIGC20] investigate the automated creation of SHACL
shapes which could be adapted to be used to automatically create verification shapes for
the evaluation of DMPs from the respective standards.

The proposed solution provides the ability to integrate context from external sources into
the evaluation process. In the prototype, we showed how context from the OpenAire SKG
and the Re3Data repository can be integrated as DMP context. But we also highlighted
that these sources provide the information in non-uniform formats and while standards
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like SKG-IF1 have already been proposed for SKGs they have yet to be implemented.
Another notable approach is the Research Object Crate (RO-Crate)[SRSC+22] which
facilitates the packaging of research artifacts annotated with schema.org metadata2. This
unification of standards could also benefit the proposed solution as it would make it
possible to source contextual information from a wider variety of sources and a common
format would help align it with the corresponding fields in the DMP. Another type of
resource provider that could be considered in future developments is the integration of
CRIS systems to retrieve institution-specific context.

In the proposed solution we adapted the W3C Data Quality Vocabulary (DQV) and pro-
posed the Data Management Plan Quality Vocabulary (DMPQV) to store the evaluation
results in the form of quality measurements and related metadata. Future work could
investigate the inclusion of other relevant vocabularies and how they could be adapted in
the context of DMP evaluation. One potentially useful vocabulary is the Open Digital
Rights Language (ODRL), a policy expression language to represent statements about
content and service usage.

Currently, the use case for report generation only includes summarizing and calculating
the averages of the measurement values of a dimension to show how the resulting
DMPQV measurements can be interpreted. Future work can extend this functionality
and investigate how the measurements can be processed to provide more accessible
evaluation results. As the DMPQV results are available in RDF format, the use of
SPARQL queries would be suitable. This processing could also include more higher-level
abstractions such as DMPQV categories and metric groups.

For the case study, we used Science Europe DMP Evaluation Rubric as a baseline to
represent funder requirements and proposed an extension to model these requirements.
But with increasing focus on RDM, a variety of other evaluation rubrics have emerged that
aim to standardize the evaluation of DMPs which could be considered in future adoptions
of the proposed solution. As such, the DART project summarizes the requirements of
the United States National Science Foundation after conducting a review of submitted
DMPs [Car17, WCW+16]. Another publication summarizing DMP requirements is the
Belmont Forum Data Management Plan Scorecard [BUD+19]. Furthermore, this thesis
only considered a subset of quality dimensions proposed in the literature that have been
identified as important when reviewing DMPs in previous work [MSS+23]. More quality
dimensions could be identified and taken into account to provide a wider range of metrics
to reviewers.

The proposed solution relies heavily on SHACL to verify if the given DMP complies
with the given evaluation requirements. For this thesis, efficiency has not been taken
into account as the assumption is that only one DMP will be reviewed at a time. For
other applications, larger quantities of DMPs may have to be reviewed, such as when
automatically evaluating all DMPs of a repository. In such cases performance might

1https://skg-if.readthedocs.io/
2https://schema.org/
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be an issue and Roblado et al. [RPZ+23] propose a faster solution than SHACL called
DLV2 that could improve the efficiency of the solution.

The majority of currently available maDMPs is currently available in JSON notation.
In our prototype implementation, we implemented a component to convert DCS DMPs
to DCSO as an RDF graph. This conversion also includes the proposed Science Europe
Funder extension. However, the provided component is tailored to the given standard
and needs to be adapted when the DCS format changes. Future work could explore more
flexible approaches of JSON to RDF conversion. As such, the maDMP-Ontology Toolkit
(MadPot)3 provides converison of JSON maDMPs to RDF by exploiting JSON-LD. By
appending the corresponding headers to the JSON document it can automatically be
converted to RDF. But during our tests, we found out that the current solution does
not provide sufficient mapping, as especially the relation between entities is not precisely
converted. However, the approach is promising, and future work can improve the already
existing solution.

In the prototype implementation, all components are integrated in the scope of a single
Spring application. This approach is sufficient to show the feasibility of the proposed
architecture, but in an applied scenario due to different evaluation requirements of
different communities, different components to load DMPs, harvest evaluation context
and provide quality measurements might only be available in a distributed fashion. For
example, the FAIR evaluator [WDS+19] provides a flexible way to integrate externally
hosted evaluators through the use of SmartAPIs4. The prototype implementation of the
proposed DMP evaluator provides a flexible architecture that enables future changes to the
resolution of the evaluator components so that future work could explore the integration
of externally hosted instances of components proposed in the reference architecture.

This thesis mainly explored the possibilities of DMP evaluation from a technical per-
spective. Future work could apply the proposed solution in an applied context collect
feedback for the further development of the solution in order to improve the available
metrics to better cover the evaluation requirements. This could include case studies with
researchers and funding bodies.

The proposed evaluation solution provides the ability to automate the generation of
quality measurements. In some cases automated generation is not possible because
the assistance of a human reviewer is needed. This could be the case when funder
requirements are phrased in a way that requires rather subjective judgement and no
objective guidelines are given that would be sufficient for automated evaluation. Future
work could investigate the use of human-in-the-loop approaches and adapt the solution
accordingly. This requires changes in the proposed architecture to account for the
time a human reviewer needs for the review and the thereby introduced asynchronous
computation aspect. Another approach could be to add another independent component
to further process the available measurements and include human actions.

3https://github.com/fekaputra/MadPot
4https://smart-api.info/
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The solution proposed in this thesis can be used for future studies on the quality and
compliance aspects of DMPs to monitor the adoption of good RDM practices. To
our knowledge, there exists no large dataset of DCS DMPs but different providers like
DMPTool5 and ARGOS6 provide publicly available plans that could be compiled into a
dataset of DCS DMPs to be evaluated with the proposed solution to provide an overview
of the current quality of DMPs.

The proposed solution does not exist in a vacuum and there are parallels to other initiatives
for the evaluation of digital objects such as FAIR evaluators. Currently, different FAIR
evaluators return their results using different formats, and to our knowledge, there exists
no uniform standard. With the proposal of DMPQV we proposed a standard for the
representation of DMP quality measurements which also covers results of FAIR evaluator
as we showed with the inclusion of the results of the F-UJI evaluator. In the future the
FAIR community plans to propose their own standard for the representation of FAIR
metrics and measurements. In that case, the proposed DMPQV needs to be adapted to
comply with the work of the FAIR community.

5https://dmptool.org/public_plans
6https://argos.openaire.eu/explore-plans
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APPENDIX A
Resources

A.1 Prototype Source Code
The artifacts implemented as part of this thesis, including the DMPQV schema, the
Science Europe funder extension ontology, as well as the implementation of the DMP
Evaluation Service prototype are available in the following GitHub repository:

https://github.com/larnhold/maDMP-Assesment

For more information on how to setup and use this implementation we provide extensive
documentation in the README.md file of this repository.

A.2 DMPQV Documentation
We created a documentation for the RDF implementation of the proposed Data Man-
agement Plan Quality Vocabulary (DMPQV) data structure for the representation of
quality measurements for DMPs from the conceptual design proposed in Section 4.2.1.
The documentation is hosted on https://w3id.org/dmpqv and provides besides a
extensive explanation of the included elements the possibility to download the RDF
ontology in various formats.

A.3 Science Europe Evaluation Rubric Mapping
In order to have a reference in the DMP for all information required to address the
guidelines in the Science Europe Evaluation Rubric we proposed an extension for the
DCS application profile. The documentation and the underlying ontology are available
at https://w3id.org/dcs-se-extension.
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Table A.1 shows the mapping of guidelines to respective entries in the DCS application
profile or the Science Europe funder extension proposed in Section 5.1.1.

Table A.1: Mapping of Science Europe DMP Evaluation Rubric Guidelines to the DCS Application Profile and the Science
Europe Extension proposed in this Thesis.

Guideline DCS Mapping Science Europe Funder Extension
Mapping

Provide information such as name of
applicant, project number, funding
programme, version of DMP.Provide
information such as name of appli-
cant, project number, funding pro-
gramme, version of DMP.

dmp/ethical_issues_exist, dm-
p/ethical_issues_description
dmp/ethical_issues_report

Explain which methodologies or soft-
ware will be used if new data are col-
lected or produced.

dataset/methodology

State any constraints on re-use of ex-
isting data if there are any.

ditribution/data_access
dmp/ethical_issues_exist

dataset/is_reused
distribution/restriction_explanation

Explain how data provenance will be
documented.

dataset/data_quality_assurance

Briefly state the reasons if the re-use
of any existing data sources has been
considered but discarded.

dataset/methodology

Give details on the kind of data: for
example, numeric (databases, spread-
sheets), textual (documents), image,
audio, video, and/or mixed media.

dataset/type
dataset/description

Give details on the data format: the
way in which the data is encoded for
storage, often reflected by the file-
name extension (for example pdf, xls,
doc, txt, or rdf).

dataset/format
distribution/format

Justify the use of certain formats.
For example, decisions may be based
on staff expertise within the host or-
ganisation, a preference for open for-
mats, standards accepted by data
repositories, widespread usage within
the research community, or on the
software or equipment that will be
used.

distribution/description distribution/format_justification

Give preference to open and stan-
dard formats as they facilitate shar-
ing and long-term re-use of data (sev-
eral repositories provide lists of such
‘preferred formats’).

distribution/format

Give details on the volumes (they
can be expressed in storage space re-
quired (bytes), and/or in numbers of
objects, files, rows, and columns).

distribution/byte_size

Indicate which metadata will be pro-
vided to help others identify and dis-
cover the data.

dataset/metadata

Indicate which metadata standards
(for example DDI, TEI, EML, MARC,
CMDI) will be used.

dataset/metadata

Use community metadata standards
where these are in place.

dataset/metadata

Continued on next page
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Indicate how the data will be organ-
ised during the project mentioning,
for example, conventions, version con-
trol, and folder structures. Consis-
tent, well-ordered research data will
be easier to find, understand, and re-
use.

dataset/metadata
dataset/keyword
dataset/data_quality_assurance

Consider what other documentation
is needed to enable re-use. This may
include information on the method-
ology used to collect the data, an-
alytical and procedural information,
definitions of variables, units of mea-
surement, and so on.

dataset/methodology

Consider how this information will
be captured and where it will be
recorded (for example in a database
with links to each item, a ’readme’
text file, file headers, code books, or
lab notebooks).

metadata/description
distribution, host

Explain how the consistency and
quality of data collection will be
controlled and documented. This
may include processes such as cal-
ibration, repeated samples or mea-
surements, standardised data cap-
ture, data entry validation, peer re-
view of data, or representation with
controlled vocabularies.

dataset/data_quality_assurance

Describe where the data will be
stored and backed up during research
activities and how often the backup
will be performed. It is recommended
to store data in least at two separate
locations.

host/backup_type
host/backup_frequency

Give preference to the use of ro-
bust, managed storage with auto-
matic backup, such as provided by
IT support services of the home in-
stitution. Storing data on laptops,
stand-alone hard drives, or external
storage devices such as USB sticks is
not recommended.

host/id

Explain how the data will be re-
covered in the event of an inci-
dent.

host/description
host/data_recovery_explanation

Explain who will have access to the
data during the research and how ac-
cess to data is controlled, especially
in collaborative partnerships.

dataset/security_and_privacy

Consider data protection, particu-
larly if your data is sensitive (for ex-
ample containing personal data, polit-
ically sensitive information, or trade
secrets). Describe the main risks and
how these will be managed.

dataset/ethical_issues_description
dataset/sensistive_data

Explain which institutional data pro-
tection policies are in place.

dataset/security_and_privacy dmp/related_policies

Ensure that when dealing with per-
sonal data, data protection laws (for
example GDPR) are complied with.
(including sub-points)

dataset/security_and_privacy distribution/property_rights_explanation

Continued on next page
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Explain who will be the owner of
the data, meaning who will have the
rights to control access. (including
sub-points)

contributor/role

Indicate whether intellectual prop-
erty rights (for example Database
Directive, sui generis rights) are af-
fected. If so, explain which and how
will they be dealt with.

distribution/property_rights_explanation

Indicate whether there are any re-
strictions on the re-use of third-party
data.

distribution/data_access
distribution/licence

distribution/restriction_explanation

Consider whether ethical issues can
affect how data are stored and trans-
ferred, who can see or use them, and
how long they are kept. Demonstrate
awareness of these aspects and respec-
tive planning.

dmp/ethical_issues_exist
dmp/ethical_issues_description
dmp/ethical_issues_report

Follow the national and international
codes of conducts and institutional
ethical guidelines, and check if ethical
review (for example by an ethics com-
mittee) is required for data collection
in the research project.

dmp/ethical_issues_exist
dmp/ethical_issues_description
dmp/ethical_issues_report

Explain how the data will be discov-
erable and shared (for example by
deposit in a trustworthy data reposi-
tory, indexed in a catalogue, use of a
secure data service, direct handling
of data requests, or use of another
mechanism).

host/titl
host/url
distribution/description
distribution/data_access

Outline the plan for data preservation
and give information on how long the
data will be retained.

distribution/available_until
dataset/preservation_statement

Explain when the data will be made
available. Indicate the expected
timely release. Explain whether ex-
clusive use of the data will be claimed
and if so, why and for how long. In-
dicate whether data sharing will be
postponed or restricted for example
to publish, protect intellectual prop-
erty, or seek patents.

distribution/license
license/start_date

Indicate who will be able to use the
data. If it is necessary to restrict
access to certain communities or to
apply a data sharing agreement, ex-
plain how and why. Explain what
action will be taken to overcome or
to minimise restrictions.

distribution/licence
dmp/contributor

distribution/restriction_explanation

Indicate what data must be retained
or destroyed for contractual, legal, or
regulatory purposes.

dataset/preservation_statement dmp/related_policies

Indicate how it will be decided what
data to keep. Describe the data to
be preserved long-term.

dataset/preservation_statement

Explain the foreseeable research uses
(and/or users) for the data.

dataset/description

Continued on next page
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Indicate where the data will be de-
posited. If no established reposi-
tory is proposed, demonstrate in the
DMP that the data can be curated
effectively beyond the lifetime of the
grant. It is recommended to demon-
strate that the repositories policies
and procedures (including any meta-
data standards, and costs involved)
have been checked.

dmp/cost
dataset/preservation_statement

Indicate whether potential users need
specific tools to access and (re-)use
the data. Consider the sustainability
of software needed for accessing the
data.

dataset/technical_resource dataset/methodology

Indicate whether data will be shared
via a repository, requests handled di-
rectly, or whether another mechanism
will be used?

dataset/technical_resource dataset/methodology

Explain how the data might be re-
used in other contexts. Persistent
identifiers (PIDs) should be applied
so that data can be reliably and effi-
ciently located and referred to. PIDs
also help to track citations and re-
use.

dataset/dataset_id

Indicate whether a PID for the data
will be pursued. Typically, a trust-
worthy, long-term repository will pro-
vide a persistent identifier.

dataset/dataset_id

Outline the roles and responsibilities
for data management/ stewardship
activities for example data capture,
metadata production, data quality,
storage and backup, data archiving,
and data sharing. Name responsible
individual(s) where possible.

contributor/role

For collaborative projects, explain
the co-ordination of data manage-
ment responsibilities across partners

contributor/role

Indicate who is responsible for imple-
menting the DMP, and for ensuring it
is reviewed and, if necessary, revised.

contributor/role

Consider regular updates of the
DMP.

dmp/modified

Explain how the necessary resources
(for example time) to prepare the
data for sharing/preservation (data
curation) have been costed in.

dmp/cost dataset/methodology

Carefully consider and justify any re-
sources needed to deliver the data.
These may include storage costs,
hardware, staff time, costs of prepar-
ing data for deposit, and repository
charges.

dmp/cost

Indicate whether additional resources
will be needed to prepare data for
deposit or to meet any charges from
data repositories. If yes, explain how
much is needed and how such costs
will be covered.

dmp/cost
dataset/technical_resource
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