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Abstract.

Arising demands of funding organisations, universities and institutions towards research

data management (RDM) force researchers to provide reusable data. Jarves provides

the overall process with decision. RDMO and Coscine add DMPs, data annotation and

storage respectively. Progressing digitalisation and newly arising technologies are continually

increasing the demand for reusable data and the requirement for proper research data

management (RDM). Despite the additional pressure applied by funding organisations,

universities and institutions, researchers are still adapting to this cultural change. Their

main challenges are insufficient guidelines in RDM, a lack of RDM-knowledge and the

additional effort required. In the present systematic literature review we screened a total of

2.409 records and extracted data from 88 of those records. From there on, we compare

features and limitations of 9 selected solutions. We then define some criteria for an all-

comprehensive research data management (RDM)-solution: guidance throughout the RDM

process, management of influencing factors on this process, RDM decisions support, tailored

training materials and partial automation. Afterwards, we propose a self-developed toolchain

which tries to address all the listed aspects, which is implemented by the connection of the

three existing tools Jarves (for workflow management), RDMO (for data management plans)

and Coscine (for data organisation).
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1 Introduction1

The growing importance of RDM is undisputed [1], [2], [3], [4], [5]. Funding organisations2

demand RDM in funded projects, and universities and institutions require researchers to manage3

their research data [6], [7], [8]. Meanwhile, not only demands of funding organisations play4

an important role in RDM, but new technologies such as artificial intelligence (AI) or machine5

learning (ML) are emerging, which, in turn, require data management [9], [10]. Additionally,6

good data management enhances the reusability of data, making it’s collection more sustainable.7

In engineering sciences, data management is especially important, as huge amounts of data from8

various data collection methods can arise. While these amounts of data offer great potential9

for data reuse, they also imply a careful data management due to their heterogeneity and often10

complexity.11

Initiatives like the National Research Data Infrastructure (NFDI) or the Research Data Alliance12

(RDA) are trying to close the gap between requirements to be met and needs of researchers [11],13

[12], [13]. New concepts, solutions and use cases are presented frequently, addressing a wide14

audience. These solutions include tools and services for RDM-specific problems. The National15

Research Data Infrastructure for the Engineering Sciences (NFDI4ING) aims to facilitate RDM16

by providing RDM-solutions tailored to engineering [12], [14]. NFDI4ING has been proposing17

many solutions, for example the Terminology Service 1, the Data Collections Explorer 2 or even18

this journal, ing.grid.19

However, researchers are still trying to figure out how to manage their data or yet have to20

adapt to the current cultural change in research towards Findable, Accessible, Interoperable,21

Re-usable (FAIR) data management [1], [15], [16]. In a previously conducted study of Hamann22

et al. [17], it was shown that researchers of engineering sciences still need support in their23

RDM and perceive existing RDM support as lacking [17], [18]. Researchers also consider24

RDM as a burden and additional effort [2], [15], [16], [19] , eventually preventing them from25

conducting actual research across different engineering fields [17], [18]. A common starting26

point, a clear approach to RDM and reduction rather than increase of effort in RDM are demanded27

by researchers. Figure 1 summarises researchers’ demands to three challenges.28

On the one hand, insufficient guidelines lack explicit recommendations for action and are often29

not a sufficient incentivation for researchers to conduct RDM [16], [20], [21], [22]. On the other30

hand, researchers lack knowledge on RDM, both in regards of common or best practices and31

available tools or solutions [15], [19], [20], [22]. Both of these challenges force researchers to32

investigate their boundary conditions and applying factors on RDM, causing additional effort33

[2], [16], [20]. This effort itself is a difficulty, as RDM itself also requires activities to be carried34

out [2], [15], [19]. Additionally, the increased workload of entering the same sets of information35

into multiple tools is not only repetitive but further hinders the dissemination of RDM, opposing36

the demand for reduced effort and the need for support in RDM [2], [15], [17], [18], [21], [22].37

To address the challenges shown in figure 1, we proposed a toolchain of three RDM-tools on the38

2023 NFDI4ING conference. [23] In our vision, such a toolchain would enable researchers to39

1. https://terminology.nfdi4ing.de/ts/

2. https://data-collections.nfdi4ing.de/
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Figure 1: Challenges of the researchers in engineering sciences

conduct RDM more conveniently and more efficiently. This toolchain would be scientifically40

tailored to the needs and demands of researchers, not only but also in engineering sciences. It41

would contain a guided process for RDM that closely related to the day-to-day activities of42

researchers. Furthermore, it would provide decision support based on the boundary condition of43

the individual research project. Lastly, it would connect multiple services. The tools included44

as an example for this paper are (1.) the Research Data Management Organizer (RDMO) for45

creation of Data Management Plans (DMPs) and (2.) the RDM platform Coscine for data storage,46

metadata management and archiving, both connected through (3.) the JointAssistant for Research47

in Versatile Engineering Sciences (Jarves). This toolchain demonstrates a concept that connects48

tools along a guided RDM-process that resembles the researcher’s day-to-day activities for49

seamless integration.50

Our hypothesis is, that such a toolchain does not exist yet. Hence, we investigate the state of51

the art on similar existing RDM-solutions. We specifically investigate solutions that address52

the challenges brought up by the researchers. This will clarify, why existing solutions are not53

able to address the challenges of researchers. Furthermore, the resulting research gap can be54

outlined. To address this gap, this article presents a merger of three RDM-tools into a toolchain,55

as outlined at the NFDI4ING conference in 2023 [23]. Following this rationale, we defined three56

questions to be answered by the paper:57

1. What solutions are available to support RDM in engineering sciences?58

2. Are there solutions that address the challenges of the researchers [cf. 17]?59

3. What are the existing solutions missing to fully address the challenges of the researchers60

[cf. 17]?61

In this paper, we present Existing RDM solutions. We do so by firstly presenting your Research62

methodology before discussing existing solutions in section 3, eventually pointing out the63

“Research gap” in literature. Afterwards, we present our concept of the “Proposed toolchain”.64

ing.grid, 2026 3
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Three tools were chosen and included to portray a minimal working example of the toolchain65

as not just a bilateral data exchange but an interconnected network of tools. Lastly, we give a66

“Summary and Outlook”.67

2 Research methodology68

To address our vision of an interconnected RDM toolchain, we have researched on previous69

work regarding the same or similar topics, ranging from solutions that are similar to our proposed70

toolchain to software frameworks which also provide ideas on how to approach the aforemen-71

tioned challenges. This research was conducted as a systematic literature review (SLR). The aim72

of this review is the collection of existing solutions for the identified challenges (see figure 1) of73

insufficient guidance, lacking knowledge and additional effort. This additional effort is caused74

by the conduction of RDM itself and is aggravated both by insufficient guidelines and lack of75

RDM-knowledge amongst researchers.Objective is the identification of existing solutions, the76

investigation of the ability of the found solutions to address the challenges of the researchers and77

the clarification of the research gap in the context of these challenges. Furthermore, the SLR78

aims for the collection of knowledge from within and possibly beyond engineering. Therefore,79

the domain of engineering along adjacent domains like Science, Technology, Engineering and80

Mathematics (STEM) are considered for this review, collecting knowledge beyond the scope of81

the problem to utilise it, if possible, for the solving of the identified problem.82

2.1 Collection of literature83

The literature was conducted in February 2024 and followed the Checklist from the PRISMA84

approach by Page et al. [24], [25]. The questions posed for the SLR are formulated in the85

Introduction (see research questions 1. to 3.). In addition to the questions, inclusion and86

exclusion criteria have to be formulated, as shown in the appendix A. Then the search strategy87

was defined and literature was collected. The sources searched or consulted are also listed88

in appendix A. Afterwards, this literature was screened, firstly by abstract. The remaining89

literature was then subjected to full text screening. This process was handled by two researchers90

independently, while conflicts were afterwards resolved by the lead reviewer. Lastly, information91

was extracted for the selected literature.92

Figure 2 shows the PRISMA 2020 flow diagram following Page et al. [25] but adjusted to93

the sources and procedures used in this literature review. As shown in this diagram, a total of94

2.409 records have been identified of which one record was not retrieved, as this record was not95

publicly available nor retrievable by other means, e.g. by library access. The most important96

steps of this process are presented in the Appendix.97

2.2 Coding of the found literature98

The found literature was coded using the “coding reliability” [26] thematic analysis approach as99

presented by Braun and Clarke [26]. This approach is especially suited when “topics [...] map100

closely onto data collection questions” [26], as it is the case with this SLR. The utilisation of101

this approach implies the deduction of themes from the aforementioned questions.102
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Figure 2: PRISMA Flow Diagram of the systematic literature review following [25]

As the questions revolve around solutions for RDM, the first code should represent the solutions103

for RDM. However, as the term “solution” is rather vague and the aim of the SLR is to investigate104

solutions addressing challenges brought up by the researchers, the search terms as well as the105

code have been specified. For the inclusion criteria, solutions have been searched for by the terms106

“Framework”, “Groundwork”, “Structure”, and “System” (see table 3). The term “Framework”107

represents all other terms as it can refer to a joint combination of multiple concepts or solutions.108

Besides that, “framework” can also refer to software frameworks. Hence, Framework is the109

first code for the thematic analysis.110

Accordingly, every code stands for a general thematic area. For instance, anything that resembles111

a framework, toolchain or combination of solutions is coded as framework. Secondly, the112

Methods used for the creation of a new solution are considered of relevance, as the aim of this113

review is to identify scientific approaches to the researchers’ problems, which is whyMethods114

is the second code. Lastly, a coding for support for researchers was included. As Hamann et al.115

[17] found, this support comes down to guidance on how to conduct RDM. One way to provide116

such guidance is by the provision of Workflows, which is the third code and encompasses117

any support in the conduction of RDM. Again, the code Workflows generally refers to any118

structured processes, workflows or procedures. Lastly, the conclusions drawn from different119

sources can be valuable for the vision to be developed, which is why key findings of literature120

are coded as Conclusion. These conclusions include results, findings and developed solutions121

of the respective papers but also open questions. With this coding, literature can be reviewed for122

existing frameworks, their scientific creation method, included workflows or processes and key123

results of the respective literature.124

Beyond the thematic analysis, certain metadata was collected for each piece of literature, namely125

release date, type of literature, methodology or methods used, discipline and country of origin.126

Figure 3 depicts the percentages of records by discipline, showing that 35% of literature is based127

interdisciplinary research.128
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Figure 3: Included literature by discipline

The other 65% of records are specific solutions for their individual disciplines, e.g. Computational129

Sciences. Corresponding to the high number of specific solutions for disciplines, the majority of130

records do not actually present their method but solutions to the problems they emphasise. As131

shown in figure 4, 62% of records do not clearly specify the methods used to generate the results132

shown. While these solutions are mostly well motivated, and provide improvements for RDM,133

they only introduce new tools (36 records) or concepts (18 records). Computational sciences134

and material science are found slightly more frequent than other disciplines, both in numbers of135

records included and the number of records providing tools or concepts for RDM. Two thirds of136

records originating from computational sciences and 75% of material science records introduce137

a new tool for RDM, like HELIPORT, CAESAR or LinkAhead.138

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Tool Concept SLR Requirements Analysis Use Case Interviews Survey Multiple Other

Figure 4: Included literature by methods used

3 Existing RDM solutions139

Following the descriptive analysis of the literature found, this section describes existing solutions140

for RDM. As mentioned before, there are plenty of generic as well as specialised solutions.141

Solutions with a fit to the proposed questions are presented and described in this section, in142

decreasing order of referencing frequency. Due to page limitations, a representative sample of143

solutions found will be presented. Solutions not contributing to the proposed questions will not144

be described.145

Comprehensive Knowledge Archive Network (CKAN) CKAN3 is cited by eleven of the in-146

cluded records . CKAN is “a tool for making open data websites” [27], which “helps [... to]147

manage and publish collections of data” [27]. The CKAN website claims that this tool is used148

by several governments, namely the Australian, Canadian, United States and the Singapore149

3. https://ckan.org/
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government [28], as well as other institutions and companies use CKAN, for example LEGO®150

[28]. In its core, CKAN focusses around datasets, containing metadata and resources, i.e. the151

data itself. Due to CKANs generic nature, it is a supporting solution to be considered when152

building a solution for RDM rather than a solution for RDM itself.153

An RDM solution based on CKAN is described in four articles by Mozgova et al. [29], [30] and154

Sheveleva et al. [1], [31]. It is defined as a central research data management system (RDMS),155

containing a “Knowledge Management System (KMS) based on Semantic MediaWiki (SMW)156

and [a] Data Management System (DMS) based on the CKAN software” [30]. This RDMS is157

based on users’ needs collected through surveys, interviews, stakeholder analysis and workshops.158

Furthermore, this RDMS has been tailored on a use case study to get a full-pipeline system159

in contrast to CKAN as stand-alone. The aim of Mozgova and Sheveleva’s RDM system is160

to “support project workflows and move from fragmented project-oriented to a common data161

management system” [29].162

SHEV22RDM System

CKAN Semantic MediaWiki

Information  

Input Search Report

Data management Knowledge management

Linking of technological and project-specific metadata

Research objects and experimental results

Raw Data Machines and tools Methods Simulation, test and 
measurement protocols

Figure 5: The concept of the RDMS as presented by [c.f. 1] and [c.f. 30]

Figure 5 shows the three layers of the concept of the RDMS proposed by Mozgova et al. [29],163

[30] and Sheveleva et al. [1], [31]. The lowest level represents the research objects, which are164

enriched by metadata and thus elevated to the second level. Enriched data and the resulting165

knowledge are then stored in the RDMS [1]. Mozgova et al. [29], [30] discuss several other166

solutions to be utilised for the RDMS. One of which is DSpace [32], a competitor to CKAN,167

which has the benefit over CKAN that it supports the Resource Description Framework (RDF).168

Yet, CKAN is adaptable via plug-ins, it is capable of supporting RDF after all and is therefore169

used in the solution proposed by Mozgova et al. [30].170

Semantic MediaWiki The software used by Mozgova et al. [30] to create their Knowledge171

Management System (KMS) is another frequentlymentioned solution called SemanticMediaWiki172

(mentioned in nine of included records). This software allows for semantic annotation of173

information contained in aWiki to address challenges like inconsistencies in Wikis, findability of174

information and reuse of existing content by other means than reading, e.g. automated processing175

[33]. However, Semantic MediaWiki has not the capacity of supporting a whole RDM workflow;176
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RESEARCH ARTICLE RDM-Toolchain

it is rather a framework for semantic organisation of information, which can be also used in177

RDM context in combination with other tools.178

Globus The Python-based “Django Globus Portal Framework” [34], also called Globus, was179

developed by Chard et al. [34], [35], [36] and has been referenced by seven records found in the180

SLR [34], [35], [36], [37], [38], [39], [40]. The technical framework Globus aims to “address181

important needs of both researchers and developers of scientific services, such as authentication182

and authorization, data transfer and sharing, and data publication” [35]. Originally designed to183

be “focused on reliable, high-performance, secure data transfer” [36], it became a “cloud-hosted184

research data management platform” [34] in recent years. As of today, Globus offers solutions for185

searchable metadata, authentication, data transfer and automation [34]. Nevertheless, Globus is186

a technical solution rather than a conceptual solution for RDM, although less distant to research187

in its design than CKAN.188

Canonical Workflow Framework for Research (CWFR) In contrast, the CWFR is emphasising189

the workflow of researchers [41], [42], [43]. After Mozgova’s CKAN-based RDMS , CWFR190

is the second solution presented focusing on RDM. In three papers Wittenburg, Peer, Betz et191

al. present the development of a process, a proof-of-concept (POC) study and a reflection on192

the CWFR itself. CWFR focusses on “self-documenting workflow scripts to automate recurring193

processes” [43], ensuring FAIRness via FAIR Digital Objects (FAIR-DOs), yet “without adding194

additional load onto the researchers who stand to benefit most from it” [43]. These processes195

are composed of recurring patterns, allowing also for the combination of the CWFR and other196

frameworks like the Reproducible Research PublicationWorkflow (RRPW) [42], [43]. However,197

in their POC study, Betz et al. conclude that, while many steps in research are similar, they often198

vary in their exact execution, demanding adaptability. They also stress that adaptable workflow199

steps are suitable for not only one domain [41].200

DataFinder Maryam Idris Bugaje has written an article and a dissertation on the topic of tailoring201

research data repositories towards the needs of researchers [44], [45]. Due to “better engagement202

with the user” [45], these publications aim to “understand the different user types and groups203

[and] have a thorough appreciation of the tasks that each wish to accomplish through the system”204

[45]. The RDMS developed, called DataFinder, focuses on the reusability of research data, by205

making it easier to find, access and reuse while making it easier to the creators of data to provide206

it in a findable way. In addition, data is linked to publications [44], [45]. DataFinder aims to207

achieve these objectives by storing “research datasets and research publications [...] on the same208

platform and [connecting them] in a mutually value-adding way” [44]. The conceptualisation209

beneath DataFinder along with the perspective of users as “a central component of the RDM210

ecosystem” [44] highlights the work of Bugaje among the found records.211

HELmholtz ScIentific Project WORkflow PlaTform (HELIPORT) The first solution to consider212

all of the research process “starting with the proposal submission, continuing with data acquisition213

and concluding with final publications” [46] is HELIPORT. As Knodel et al. [46] stated, “an214

overarching system with the potential to combine all stages of a research experiment life-cycle215

is to [their] knowledge still an unsolved issue” [46]. Hence, they include the CommonWorkflow216

ing.grid, 2026 8
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Language (CWL) to integrate FAIRness on the workflow level to form a RDMS containing “a217

full project flow with integrated computational workflows” [46], as shown in figure 6.218

KNOD21

Search and
Reuse 

Datasets

Publish 
Dataset

Change 
Setup

Collect 
Data

Analyse 
Data

Archive 
Dataset

Modify 
Experiment

Create Data 
Management 

Plan

Submit Proposal or
Create Research (HELIPORT) Project

Figure 6: The life cycle of a research project as depicted by Knodel et al. [c.f. 46]

Furthermore, they design HELIPORT to be an “adaptable guidance system” [46] along with219

interfaces to other tools for metadata exchange [46]. The latter leads to “time savings by220

automating the communication between systems” [46] and allows for the “automated generation221

and update of a consistent project specific DMP” [46].222

Open digital energy R&D platform Ferenz et al. [47] present an “open digital energy R&D223

platform” [47] in a similar approach as HELIPORT but for energy research. They extensively224

researched on the needs of researchers in the requirements analysis by Werth et al. [48] and225

derive a framework, which builds upon six services over the course of six phases as shown in226

figure 7.227

FERE22

II: Objectives of 
a solution

III: Design and 
development

IV: Demonstration

V: Evaluation

I: Problem identification 
and motivation

VI: Communication

Competence

Methods

Repository

Simulation

Transparency

Core

I

IIV

VI

IV III

Figure 7: The open digital energy R&D platform as depicted by Ferenz et al. [c.f. 47]

The core of the framework contains the technical infrastructure including user management,228

federated search, a Persistent Identifier (PID) service and an ontology service. The competence229
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service holds information on which user of the open digital energy R&D platform has which230

competencies in form of competence profiles [47]. “The goal of Methods is to provide an231

overview of scientific methodologies in energy research, both general and platform-specific,232

during the different stages of research” [47]. The Repository service introduces a metadata233

database, allowing for artefacts to be found. The fifth service is Simulation. It provides “an234

online co-simulation platform to couple different tools and models” [47]. Lastly, Transparency235

aims to “process, publish, and communicate the research and development content to promote a236

broader and interdisciplinary discussion among all respected types of stakeholders” [47].237

Overall, the solution from Ferenz et al. [47], both as a concept as well as a tool, provides238

researchers with support throughout their research projects. While primarily based on energy239

research, it is most certainly transferable to other domains as well. Their life cycle with six240

phases resembles everyday research to some extent and the Methods service includes guidelines241

both for the use of the platforms services and publications.242

CollAborative Environment for Scientific Analysis with Reproducibility (CAESAR) Samuel243

and König-Ries present the CAESAR framework, which provides an “end-to-end semantic-based244

provenance management platform” [49]. It aims to “support scientists to describe, preserve and245

visualize their experimental data by linking the datasets with the experiments along with the246

execution environment and images” [49]. The framework was conceptualised by conducting247

interviews and an exploratory study aiming at the perspective of scientific experiments and their248

reproducibility. On that basis, Samuel and König-Ries [49] consider both the non-computational249

as well as the computational steps, as “an experiment must not only be linked to its results but250

also to different entities, people, activities, steps, and resources” [49].251

LinkAhead Hornung et al. present the RDMS LinkAhead as a “complement to Electronic lab252

notebookss (ELNs)” [50]. At first they derive eleven requirements for an RDMS, which they253

compare to existing solutions. They proceed to develop an agile solution for the processing254

of large amounts of automatically generated or existing data. Their “primary goal is to make255

searching and linking of data beneficial for its users and to allow for automation of all tasks”256

[50]. However, their focus is set on technical solutions rather than conceptual solutions [50].257

So far, nine solutions for RDM have been presented. These have been chosen to represent the258

literature found both as broad as well as detailed as possible. From this overview, it can be259

shown, that three main categories of solutions exist. Firstly, there are meta-solutions that solve260

problems of RDM, such as the description of resources used, but do not directly facilitate RDM.261

Secondly, there are tools for RDM, that aim to reduce the effort needed to conduct RDM, but262

do not enable the researchers to conduct RDM in the first place. Lastly, there are conceptual263

frameworks that contain information on how RDM should be conducted. However, these do not264

offer support on a practical and applicable level.265

4 Research gap266

Considering the found literature, the research questions can be answered. The presented RDM267

solutions directly answer the first research question (see question 1), as it was shown, what268
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solutions are available to support RDM in engineering sciences. Furthermore, three main269

categories of solutions have been identified. These are Conceptual Frameworks for RDM, RDM270

Tools and Technical Frameworks that can be utilized to support RDM but are not focussed on271

RDM specifically. In the following, these three categories are investigated for their capability of272

addressing the challenges of the researchers.273

4.1 Conceptual Frameworks274

HELIPORT, both viewed from a concept as well as from a tool perspective, is the solution275

found in the SLR, that addresses the most challenges of researchers in RDM. With its adaptable276

workflow management system, it guides researchers through their RDM based on the RDM-277

guidelines of the Helmholtz Centres. The effort for enquiring RDM requirements and conducting278

RDM is reduced by the defined workflow with tools integrated into it. Despite this good fit to279

the challenges brought up, HELIPORT is specialised on Helmholtz Centres and their specific280

RDM practices. While this would still allow for adaptability to non-Helmholtz organisations, the281

presence of existing processes for conducting RDM like the “well-defined publication process”282

[46] hinders its adaptability to the reality of not only one but several different policies forming283

the RDM of a specific project. Therefore, HELIPORT supports researchers in their everyday284

work at Helmholtz Centres and its ecosystem of RDM tools but lacks applicability beyond this285

closed community. Furthermore, while the focus of HELIPORT is on the researchers perspective,286

it emphasises RDM processes, aiming to facilitate the integration of the RDMS rather than287

adapting the RDMS to the research process. In summary, HELIPORT offers no management of288

other policies than their own, no decision support and no training materials.289

The approach of Mozgova et al. [29], [30] and Sheveleva et al. [1], [31] also has a conceptual290

scientific approach. In their case however, the RDMS is focused on the procedure of enriching291

data with metadata and knowledge management, as shown in figure 5. Although their method-292

ology considers the needs of researchers, specifically “the researchers’ needs for the protocol293

documentation” [1], the resulting concept does not provide solutions to the challenges identified294

by Hamann et al. [17]. Namely, it provides neither help for guidelines nor information on how295

to conduct RDM. The management of knowledge has the potential of reducing the effort of296

RDM. However, as there is a lack of guidance, this effort can also potentially increase due to297

uncertainty and complexity amongst researchers when utilising their concept.298

The same applies to Globus as it is presented by Saint et al. [34]. The platform offers broad299

functionality from a data management perspective rather than the researchers point of view.300

Although it allows for adaptability and can be utilised by a predefined software development kit,301

researchers need to adapt their research to this solution.302

While emphasising more on FAIR Digital Objects and the benefits of the researchers and adapt-303

ability , CWFR does not aim to facilitate RDM for researchers. Instead, its developers focus on304

offering a way of describing steps conduced in research and their FAIR outputs. The CWFR305

is a good example for the facilitation of the documentation and FAIRification of research data.306

However, researchers have to adapt to this approach rather than the solution adapting to the307

researchers needs, rendering it a hurdle once more.308

Similarly, the DataFinder approach by Bugaje, while being user centred, only considers how309
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researchers interact with the RDMS. The approach does not consider how the RDMS can be310

easily integrated into the day-to-day life of researchers. Additionally, it focuses solely on data311

FAIRness in the context of repositories, which leaves many aspects of RDM unconsidered.312

4.2 Tools313

The Open digital energy R&D platform follows the Design Science Research (DSR) approach314

by Hevner at al. and thoroughly gathers the researchers needs and demands [47], [48]. However,315

these requirements are strongly focused on the technical aspects required for the open digital316

energy R&D platform as a tool, rather than the underlying concept of support. Hence, the open317

digital energy R&D platform is a specialised tool for RDM, rather than a solution that allows318

for tools to be created from it. In that regard, the Open digital energy R&D platform forms a319

transition between concepts and tools.320

In a similar way, CAESAR serves as an example of a well conceptualised and specialised tool.321

It aims to facilitate RDM for a specific scenario (microscopy research projects) in a specific322

community (computational biology) for a specific range of RDM steps (capture and management323

of scientific experiments) [49]. As such, it may offer valuable insights in the specifics of RDM324

in its scenario, yet does not guide researchers through their RDM.325

LinkAhead is another example for a tool that aims to solve a specific problem, namely the326

automated processing, searching and linking of large amounts of data. While it utilises many327

technical frameworks like RDF, it is not a conceptual solution to a general problem but addresses328

the automated handling of data in the context of RDM specifically.329

4.3 Technical Frameworks330

Due to their adaptability, technical frameworks, especially CKAN and Semantic MediaWiki, are331

the most cited ones. CKAN provides a broad modular range of functionalities but is a technical332

framework rather than a solution. It enables other concepts, like the one by Mozgova et al. [29],333

[30] and Sheveleva et al. [1], [31], but does not provide RDM support on its own.334

The Semantic MediaWiki approach is driven by methods collecting the researchers’ needs. Yet,335

the concept itself revolves around the data and its enrichment, rather than the process in which336

the researchers collect said data. For a specific use case, the RDMS considers “manufacturing337

processes within the Tailored Forming Technology” [1], but in practice it does not adapt to the338

process, but rather offers specific places for this information to be stored (see “Machines and339

tools” and “Methods” in figure 5) [1].340

4.4 Summary of the research gap341

In the SLR it was found that Conceptual Frameworks generally provide the most advanced342

scientific approaches. Hence, these are to be considered the most important solutions for further343

research. Most of them also transfer their theoretical approach to technical solutions i.e. tools,344

just as we intend to. Another category are Tools for RDM. These aim at addressing a specific345

problem, solving it by providing a single software solution. Some records featuring tools include346

a requirements analysis, survey, interviews or workshops as scientific method. Lastly, Technical347
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Frameworks are focused on overarching technical solutions for recurring problems within and348

beyond RDM. While they do not provide any solutions immediately applicable to the researchers349

RDM problems, they are to be considered when creating a solution for RDM. It has to be350

mentioned that the prior division into Conceptual Frameworks, Tools and Technical Frameworks351

has to be seen as a spectrum rather than fixed categories. A good example for this is HELIPORT,352

as it is a scientifically based conceptual solution that was also implemented as a tool.353

As shown, the landscape of existing solutions addressing parts of the identified problems is broad.354

Still, a comprehensive solution for all of the researcher’s challenges could not be identified in the355

literature. Revising the RDM challenges of researchers in the engineering sciences as presented356

in Figure 1, Conceptual Frameworks, Tools and Technical Frameworks can be placed in the357

diagram as shown in figure 8.358

Insufficient guidelines Lack of knowledge

Additional 
effort

Activities to be 
carried out

InvestigationInvestigation

Reasons for the 
low use of RDM

Technical 
Frameworks

Conceptual Frameworks

Figure 8: Reasons for the low use of RDM by researchers in the engineering sciences

As illustrated, the existing solutions address the researchers’ challenges only partially. Hence,359

research question 2 can be answered. There are solutions, that partially address the challenges of360

researchers in engineering sciences in the context of RDM. However, in the found literature no361

solution could be identified that addresses all named challenges of the researchers.362

This leads to the third and last research question (see research question 3), asking for the gap363

in the current literature. The gap can be summarised as missing guidance - referring both to364

enquiries needed to conduct RDM and lack of RDM knowledge amongst researchers - with365

focus on the researcher’s perspective on RDM. This missing guidance is partially caused by the366

neglecting of the researcher’s perspective on RDM in the existing solutions: researchers have to367

adapt their work to these solutions rather than the solutions adapting to the researcher’s work.368

This perspective was considered by the survey conducted by Hamann et al. [17]. Based on this369

survey, five characteristics of the needed support for researchers in RDM in the engineering370

sciences can be derived. These characteristics are listed below as they are building upon each-371

other, forming a concept in which they empower each-other.372

1. Guidance throughout the researchers’ RDM process373

2. Management of external factors374
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3. Support on RDM-specific decisions375

4. Provision of knowledge376

5. Partial automation as work facilitation for researchers377

A solution that encompasses these characteristics is currently missing from the found literature.378

Partial automation is to some extend addressed, especially by HELIPORT and some of the379

other Conceptual Frameworks that evolved into tools. However, these lack guidance and are380

either focused on a specific scenario or community, or lack alignment with the researchers work381

processes. Hence, we present a novel solution for RDM in engineering sciences, focused on382

the needs of researchers. A visualisation of the concept and its characteristics building upon383

each-other is shown in figure 9.384

RDM-Process

Management of 
influencing factors

Decision support

Knowledge transfer

Partial automation

Funding organisations Universities Non-university 
research institutions

Archiving solutions Metadata management

Universities of Applied Sciences

DMP-Tools Version control solutions

Figure 9: The layers of the proposed concept as presented in [51]

5 Proposed toolchain385

As described before, on the spectrum from conceptual frameworks to technical frameworks,386

there are scientifically based conceptual solutions that are also implemented as a tool. The387

same applies for the newly proposed toolchain, as it is both a conceptual solution as well as388

a combination of tools. As a result, the new solution is not particularly more focused on the389

researchers needs as other solutions, neither is it capable of reducing the effort significantly390

more than specialised solutions for particular cases. In its research methodology, it also does not391

contrast other scientifically based solutions in its quality of research.392

However, the newly proposed toolchain stands out in two ways. Firstly and most importantly, it393

provides guidance in yet unconsidered ways. This encompasses the overall guided process it is394

build upon, the management of external factors, the decision support and the provision of specific395

training materials based on decisions taken. Secondly, it combines reduction of effort needed396

and applicability in a new way. Researchers do no longer need to investigate their respective397

RDM guidelines but get the advice on the next activities right away.398

5.1 Interconnected Toolchain399

Additionally, the new solution combines existing tools with each other by using a new tool for400

the overarching process. This greatly improves the capabilities of the toolchain, as the individual401

solutions provide specialised solutions for e.g. DMPs or data enrichment and storage. In that402

way, the new toolchain includes both a guided and adaptable process. This process provides a403
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step-by-step approach with decision-support on which solutions to used based on the external404

factors applying and training materials for the solution chosen.405

As of now, the toolchain includes three individually conceptualised and implemented tools. The406

guided RDM process, the management of external factors and the decision-support are provided407

by Jarves. Jarves connects to Research Data Management Organiser (RDMO) and Coscine.408

RDMO provides support for DMPs and was recently enriched by checklists to give researchers409

an overview over tasks to conduct when filling a DMP. Coscine allows storage, organization410

and linking of data and can handle data and its metadata combined. In this way, data can directly411

be enriched with standard or custom information based on metadata schemes.412

5.2 Jarves413

While RDMO and Coscine offer solutions for specific RDM tasks, general questions arise when414

researchers start out with their RDM. The current lack of specific guidance or orientation [15],415

[19], [20] combined with missing RDM knowledge [19], [52], [53], [54] complicates the initiali-416

sation of RDM. The setup and conduction of RDM encompasses not only the clarification of417

tools to be used and tasks to be performed. Beforehand, rules and guidelines have to be consulted,418

often originating from different sources as for example funding organisations, universities or419

other institutions and partners. These rules and guidelines will then affect the rest of the RDM.420

Yet, these rules may interfere with or even contradict each other.421

In addition, while some guidelines contain specifications for RDM-tools [55], others do not [56].422

This leads to researchers having to first familiarise with the specific task to be conducted, e.g. the423

creation of a DMP, and then having to figure out suitable tools for the task. When a tool has been424

chosen, researchers must become acquainted with the tool, adding more effort to the process425

of RDM initialisation. Furthermore, researchers do not only see the effort of initialising RDM426

and familiarisation as a burden, but also perceive day-to-day work with RDM as a hindrance427

[17]. More tools to get used to and to synchronise with each other cause researchers to see RDM428

as “a significant burden” [2]. As “the amount of time [RDM] takes” [19] increases with the429

tasks involved, the “perceived increased workload”[16] directly opposes the researchers “lack of430

resources (time, budget, personnel etc.)” [15].431

The Joint Assistant for Research in Versatile Engineering Sciences, in short Jarves, addresses432

these issues. By providing guidance in RDM throughout a research project, Jarves structures the433

RDM tasks along the day-to-day research. While doing so, it takes into account the environment434

of the specific research project. These include but are not limited to the demands of the funding435

organisation, the universities guidelines and the research’s discipline. Jarves manages these436

guidelines specifically for each research project. It derives RDM requirements from these and437

helps researchers to decide which RDM step to perform next and which tools to choose for438

the task. If needed, researchers are supported by training materials for their current task. By439

providing partial automation, Jarves reduces unnecessary effort of synchronising tools with440

each other. These five pillars are the foundation of Jarves, which are building upon each other.441

Guidance in RDM Firstly, Jarves provides a clear entry point for researchers into RDM. When442

creating a project, Jarves queries basic information from researchers like their university, the443
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project’s current funding organisation and discipline(s) of the project. They are then guided444

throughout their setup of RDM by Jarves. This setup contains for example the documentation445

of the research idea, the assignment and documentation of roles within the research project or446

the decision for a DMP-tool. Afterwards, the creation, documentation and storage of data is447

supported along the researchers’ everyday work. Finally, Jarves accompanies researchers in their448

project closing by, for example, making sure the right data is selected to be archived.449

Management of rules and guidelines As Jarves collects the basic information from researchers450

about their project, the rules and guidelines, e.g. by the funding’s demands, applying are derived.451

Jarves allows for the integration of policies on different levels, may it be by funding organisations,452

universities or individual institutes. In addition, each of the levels can have multiple entries,453

assuring the integration of all applying conditions to the project.454

Decision Support for RDM Not only does Jarves provide a basis for themanagement of rules and455

guidelines, but also integrates them into the decisions to be made during the research activity and456

the accompanying RDM process. In that way, researchers are provided with recommendations457

on how to perform their RDM along with the reasoning behind them. The information on what458

influences their RDM on every step aims to support researchers in a comprehensible way.459

•

•

•

•

•

Production Technology

Figure 10: The Workflow integrated in Jarves: Structure with guidance and decision support for

RDM solutions to be used [c.f. 23]

Figure 10 depicts the way in which the boundary conditions of a research activity are translated460

into RDM requirements. However, Jarves does not provide all of the information at once but461

weaves it into its guided process. In that way, researchers are not overwhelmed with details but462

receive just the needed piece of information to continue their research along with their RDM.463

RDM-trainings at the point of need It might occur that researchers are uncertain what the464

current RDM task is about, why it is important, how to perform it and what its goals are. Jarves465

integrates such trainings the same way recommendations are integrated. Trainings on specific466

topics appear on the steps in which they become relevant. This way not only the recommendations467

but also further information are bundled into each of their corresponding steps.468
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Partial automation Lastly, as the effort of RDM not only applies for the initialisation of it but469

also the day-to-day work, Jarves provides partial automation to further reduce the burden of RDM.470

Utilising a REST Application Programming Interface (API), Jarves provides an interoperability471

with other RDM tools, for example RDMO and Coscine.472

5.3 Research Data Management Organiser (RDMO)473

RDM comprises several tasks, including data organisation and documentation, long-term preser-474

vation (archiving or publication), resource planning, legal aspects. How to perform these tasks475

is partly a decision of the involved actors (work group members or project partners), who must476

satisfy several demands from their institutions, from their disciplinary communities and from477

the funding organisations. All these tasks and decisions are usually reported in a DMP, which478

is mostly prepared at the beginning of a project activity and updated when results are being479

produced. The preparation and curation of a DMP is highly encouraged, and some funding480

organisations make it compulsory, e.g. the German Research Foundation (DFG) [6].481

The DMP is usually required as a text document, where a given set of questions is answered with482

free text. This implementation of a DMP has some drawbacks, which enormously reduce its483

usefulness. Basically, answers embedded in the text flow fulfil only a documentation purpose, but484

they cannot be used for other applications, e.g. searching, filtering, data annotation or publication,485

or resource planning. That way, no connection is provided between what’s declared in the plan486

and the concrete data-related tasks: the users are often forced to re-ingest the same information487

elsewhere during the data life cycle, confirming the first impression, that preparation of a DMP488

offers little practical value beyond compliance.489

The situation may be improved by using a DMP platform. DMP platforms allow filling a DMP490

via a web form and saving its content as a structured data object. Compared to a free-text DMP,491

this approach has several advantages. For instance, all information is stored in a structured,492

machine-readable form and is available for further processing by the project coordination or an493

infrastructure provider. A “document-like DMP” with a given layout can always be exported494

from the platform.495

There are several such platforms with different strengths, localisation and focus, i.e., optimised for496

specific countries or funding programs. Institutions have the possibility to install an “instance” of497

a DMP platform for their own, or to share one within one scientific cooperation/consortium, or to498

use a central service offered by an academic service provider with a regional/national/disciplinary499

coverage. Some of them, notably RDMO, allow a cooperative writing of a DMP.500

Among other DMP platforms, RDMO is peculiar because it brings machine interoperability to501

the next level. The information stored in a DMP can be fetched from other applications via an502

API and thus be used to trigger or provide parameters to a task in the data life cycle. It is also503

possible to set reminders or alerts (tasks) within the software itself.504

Customisable Modules RDMO’s data model contains different modules (see Figure 11), all505

customisable by an instance manager for different use cases. What the end user sees are questions506

contained in a question catalogue. They are usually more fine-grained than the funding organisa-507

tion’s original questions, and answering them is facilitated thanks to help texts and controlled508
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Table 1: A selection of DMP tools and their specifications

Tool Hosting Focus

ARGOS local Funding: EU (H2020/OpenAIRE)

DataWiz central Discipline: Psychology

DMPonline central Funding: British Research Councils

DMPRoadmap central Funding : USA, British Research Councils

DMPTool central Funding: USA

DSW local or central General

GFBIO DMP central Funding: DFG & Discipline: Biodiversity

RDMO local Different combinations of Funding, Discipline, Geo-

graphical area, Infrastructure

TUB-DMP local Own repository DepositOnce

answer lists (option sets), which can be provided either locally or from external authoritative509

sources via dedicated import plug-ins. The answers are saved internally as values of internal510

variables (attributes), which can be then downloaded, or retrieved via the API, or exported in511

form of export templates (views).512

Projects

Snapshots
Values

Views

Tasks

Conditions

Domain

Attributes

Options

Option sets
Options

Questions

Catalogs
Sections

Subsection
Question sets

Questions

Figure 11: RDMO’s data model

Broad and Open Community The RDMO software is open source and based on Python and513

Django. There is a strong community supporting the curation and further development of the514

software on one side, and of the content (catalogues, attributes, option sets, views) on the other515

side. RDMO has reached the stage of a mature software and has been elected as a favourite DMP516

platform within the NFDI by the most consortia, as well as a central DMP service (DMP4NFDI)517

[57].518

5.4 Coscine519

As stressed out above, researchers (especially from the engineering sciences) have to deal with520

huge amounts of data from various data collection methods. In addition to the challenge of521

obtaining enough storage space for the resulting data volumes, the collection methods often522

result in various project-related data types (e.g., managing code, collaborative work, multiple523

large files). The different file types and the required storage space often force researchers to524
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distribute the data to different service providers with varying (if any) levels of maturity in terms525

of FAIR [5] RDM. Thus, a software solution is needed to provide access to storage space for526

different kind of research data under one roof by adding a FAIR [5] layer to already established527

services. To create such a data management system, the RDM platform Coscine was developed528

at the IT Center of the RWTHAachen University [58].529

Coscine enables researchers to integrate different service providers, gain access to storage space,530

link metadata with project data, and work collaboratively with defined roles. All researchers can531

use the platform via the ORCID login and, depending on their organizational affiliation, storage532

financed by the MKW (Research Data Storage and DataStorage.nrw) if offered. In addition, data533

can be best described using appropriate metadata based on individually created metadata profiles.534

This helps researchers comply with the FAIR principles. The data is stored in a uniform location,535

access rights are regulated, and reusability is enabled by archiving the data for 10 years after536

the end of the project. For identification of data, PIDs are assigned at both project and resource537

level and work is currently underway to integrate FAIR-DO. As part of the Coscine.nrw project,538

Coscine is available to all DH.NRW universities as a software as a service model.539

Figure 12: Coscine Workflow: 5 main Steps from Login to Archiving.

Description of the Workflow Figure 12 shows the main workflow for researchers using Coscine.540

Various login options are available to enable researchers a low-threshold login. In addition to541

ORCID, researchers can also select between two Authentication andAuthorization Infrastructure542

(AAI) login options (SSO and NFDI Login) provided by the German National Research and543

Education Network (DFN) and link their accounts in the user profile. After login, researchers544

can create their projects in Coscine using the web interface or via the Coscine API, also utilised545

by Jarves. Created projects and sub-projects are mapped in Coscine as a tree structure, enabling546

simple and hierarchical visualization. Project owners can invite project members easily via547

e-mail and regulate their corresponding access via the project-related rights and roles concept.548

Based on the low-threshold login, external project partners can be invited to Coscine project,549

fostering collaborative co-operation across institutes and universities. Research data is managed550

in Coscine at the resource level, where different resource types (see Figure 13) are available in551
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each project. This availability is depending on access rights and the selected login method of the552

respective project owner. Inside the resources, research data can be uploaded, described with553

metadata and shared with other project members. To share data outside Coscine, project owners554

can create download links. If data and metadata from Coscine should be published, project555

owners can send a request with the project and resource metadata collected in Coscine to an556

external publication service for further support. Coscine also offers a ten-year archiving period557

for the files after the end of the project. During this period, the uploaded files are in read-only558

mode and can no longer be changed.559

Resource Types GitLab and LinkedData resources are available to all Coscine users. Storage560

space resources are available based on the default access rights of the respective home orga-561

nization of the project creator and/or based on successful application for storage space via the562

JARDSApplication Platform [59]. The available storage space resource types are web resources563

(accessible only via the browser/API), S3 resources (accessible via browser/API/S3) andWORM564

(write once, read many) resources (accessible via browser/API/S3).565

Start

Manipu-​
lation 

Protection 
needed?

Web 
Browser

& /

RDS-​Web

RDS-​S3
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needed?
Storage
needed?

S3 Client Web 
Browser

No

Yes

Yes

No

No

Gitlab

Elsewhere

Resource  Access via

Figure 13: Decision tree for available resources in Coscine.

Metadata and FAIR Digital Objects Metadata plays a central role in Coscine and is mandatory566

at multiple levels. When initiating a project or creating a resource, users are required to provide567

essential generic metadata, including the title, brief descriptions, creation date, and principal568

investigator. Discipline-specific metadata is captured during the upload of files or folders569

to a resource through either the browser or API interface. This process involves completing570

so-called metadata profiles, which can be created via the Applying interoperable metadata571

standards (AIMS) platform and reused by other Coscine users. To enhance reusability, all entered572

metadata is searchable and can be made accessible to other Coscine users.573

Coscine embraces the concept of FAIR-DO as a vital means to align digital objects with the FAIR574

principles [60], [61]. An FAIR-DO is generally defined as a machine-readable and machine-575

actionable unit of data that is uniquely identified by a PID and described through a comprehensive576

record. The Coscine approach ensures that the FAIR-DO record includes essential information577
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regarding the object’s context and the potential operations associated with it. Coscine prioritize578

providing a minimal set of metadata within this context, enabling effective discovery and re-579

usability of the data. The FAIR-DOs created by Coscine support researchers in maximizing the580

value and accessibility of their digital objects [62].581

6 Summary and Outlook582

In this article, the three main challenges of researchers in the context of RDM are summarised.583

Firstly, sufficient guidelines in RDM are missing. Secondly, researchers lack knowledge on how584

to conduct RDM. Thirdly, additional effort is caused both by the application of RDM itself as585

well as by the enquiries caused by insufficient guidelines and lacking knowledge.586

These problems were used as motivation to search for existing solutions. In a systematic587

literature review, a total of 2.409 records were screened of which 88 were assessed as relevant.588

This answers research question 1, asking for the RDM support available. While many records589

gather requirements from researchers, they still provide RDM solutions to be adapted by the590

researcher rather than solutions that adapt to the researcher’s work. This results in solutions that591

lack needed guidance throughout the RDM process. Hence, the existing RDM solutions are not592

addressing the challenges of the researcher as asked for in research question 2. The research gap,593

that there is currently no RDM solution that focuses on the challenges and needs of researchers594

from their perspective, could be identified. This gap leads to the answer of research question595

3, as the gap shows what current RDM solutions are missing to fully address the researchers’596

challenges. The results of the SLR could not falsify our hypothesis, that such a solution does not597

exist yet.598

To address this gap, we propose a novel toolchain, which combines existing tools with a five-599

layered approach on supporting researchers, as shown in figure 9. Within a guided RDM process,600

researchers can conduct their RDM along their everyday work processes. Within this process, the601

influencing factors on their RDM are managed for them. Based on these factors, RDM decisions602

are supported, e.g. which tools and solutions to choose for specific RDM tasks. In addition,603

researchers are supported with training materials if and when needed. Lastly, partial automation604

supports researchers as it reduces effort.605

In this paper, the automation in this toolchain is emphasised by a combination of three tools,606

which exchange data with each other. Jarves provides the overall process with the decision607

support and directs researchers to RDMO and Coscine for their DMPs and data annotation and608

storage respectively. Thus, a toolchain is formed, which encompasses a single entry point into609

RDM, general support tailored towards the needs of researchers and specialised RDM tools. In610

future work, this toolchain has to be validated and expanded.611

A Appendix612

In the following, the procedure of the literature is thoroughly explained.613

Inclusion and exclusion criteria for the review [25] At first, our literature search selected614

possibly relevant articles using the inclusion criteria listed in table 2. For the inclusion criteria,615

ing.grid, 2026 21



RESEARCH ARTICLE RDM-Toolchain

search terms were gathered, shown in table 3. Only English and German literature was considered,616

starting from the publication year (2016) of the FAIR Principles [5]. Secondly, the list was617

reduced in size by the application of the exclusion criteria listed in table 4, allowing exceptions618

for ”particularly relevant” contributions fitting to the topic in other regards.619

Furthermore, only English and German literature was included.620

Criteria-No. Criteria

1. The publication contains any combination of the defined search terms.

2. The publication was published in the same year (2016) or after the FAIR

principles of Wilkinson et al. [5] was published.

3. The language of publication is German or English.

Table 2: Inclusion criteria for the literature review

AND AND AND

ENG

Framework Research data management Engineering

OR Groundwork RDM 2 STEM

OR Structure Research data administration

OR System Scientific data management

GER

Rahmenwerk Forschungsdatenmanagement Ingenieur*4

OR Grundgerüst FDM3 MINT

OR Struktur Forschungsdatenverwaltung

OR System Wissenschaftliches Datenman-

agement

Table 3: Search strings used for the inclusion criteria for the literature review. Languages were

queried independently from one another

However, if one or more of the exclusion criteria (see table 4) were met it led to an immediate or621

subsequent exclusion. Still, exceptions were allowed if a publication contained an important622

contribution fitting to the topic in other regards.623

Sources searched or consulted to identify studies [25] The platforms used for the literature624

review are listed in table 5 along with the dates of the search and the number of results. The results625

of the search engines were filtered as far as possible by date, language, topics and coverage, to626

intercept only relevant literature (see column “Filters Used” in table 5).627

It has to be mentioned that the results of ProQuest have been limited to the top 20% of the628

most relevant results. This is due to the fact, that after 300 screened articles, the review showed629

less than 5% of the articles being relevant. Therefore the results of ProQuest were filtered by630

2. Not included in the Search in Science Direct as it only supports nine boolean operators.

3. Because the German abbreviation for RDM “FDM” is commonly used for Fused Deposition Modeling in English,

causing it to be excluded from the search.

4. Not included in the Search in Science Direct as it does not include wildcards. Instead, “Ingenieurwissenschaften” was

used.

5. Already included in the English search results.
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Criteria

No.

Criteria Records excluded

in abstract review

Records excluded

in full-text review

4. The publication does

not fit to engineering,

MINT or STEM sub-

jects.

From search engines: 487

From other sources: 8

From search engines: 4

From other sources: 1

5. The publication does

not contain any infor-

mation on RDM.

From search engines: 1236

From other sources: 12

From search engines: 3

From other sources: 0

6. The publication does

not contain any infor-

mation on frameworks.

From search engines: 269

From other sources: 35

From search engines: 17

From other sources: 13

Sum from search engines: 1.992 24

Sum from other sources: 55 14

Total sums: 2047 38

Total sum: 2085

Table 4: Exclusion criteria for the literature review with number of records excluded both for the

search engines (see table 5) an other sources (see table 6)

Search Last Filters Results Results

Engine Searched Used EN GER

ACM Digital Library 21.02.2024 Publication date: 2016 - 2024 749 0

ProQuest 06.05.2024 Publication date: 574 1

2016-01-01 - 2025-01-01

Language: EN or GER

Filtered by topics

Results: In subscription of

RWTHAachen.

Engineering Village 21.02.2024 Year: 2016 - 2024 430 0

Scopus 06.05.2024 Year: 2016 - 2024 315 1

Subject area: Engineering

Filtered by keywords

Language: EN or GER

Web of Science 20.02.2024 Year: 2016 - 2024 164 0

Research Areas: Engineering

Language: EN or GER

ScienceDirect 21.02.2024 Year: 2016 - 2024 40 0

Subject area: Engineering

IEEE Xplore 20.02.2024 Year: 2016 - 2024 29 0

RWTH Publications 21.02.2024 Year: 2016 - 2024 4 0

Sum: 2.305 2

Sum without duplicates: 2.102 2

Total sum without duplicates: 2.104

Table 5: Used search engines, filters and results for the literature review

ing.grid, 2026 23



RESEARCH ARTICLE RDM-Toolchain

Search Last Filters Results Results

Engine Searched Used EN GER

Ing.grid 02.01.2025 Manuscript 9 0

Ing.grid Preprints 02.01.2025 - 23 0

BausteineFDM 02.01.2025 - 4 29

Zenodo 02.01.2025 Year: 2016 or newer 21 165

Subjects: Engineering

Sum: 57 48

Sum without duplicates: 45 27

Total sum without duplicates: 75

Table 6: Used search engines, filters and results for the literature review

relevant topics, namely research, decision making, collaboration, research data management,631

data management, reproducibility and information sharing. Every entry with the topic Datasets632

was excluded from the search. This reduces the initial 3.034 results of ProQuest to 574. As this633

is about 19% of the initial results, there is a safety factor to the initial screening of 3,8 (19% of634

results to 5% relevant results).635

The same procedure was applied to Scopus. Here, the results were filtered by relevant keywords,636

namely data curation, data management, data quality, database systems, decision making,637

decision support systems, FAIR, FAIR data, FAIR principles, information management, knowledge638

based systems, knowledge management, research data, research data management, research639

data managements, reproducibility and scientific data. Every entry with the keyword data set640

was excluded from the search. This reduces the initial 1.238 results to 315. As this is about 25%641

of the initial results, there is a safety factor to the initial screening of 5 (25% of results to 5%642

relevant results). The same problem again occurs for the ACM Digital Library, however there is643

no option to filter the results further. As a result, all 749 results were be screened.644

In addition to typical search engines, other sources have been consulted as well. As the field645

of RDM is a dynamic one, specific journals for RDM have been consulted. Articles in ing.grid646

both published and on the preprint server have been scouted. Furthermore, with BausteineFDM647

another journal for RDM has been consulted. BausteineFDM is active since 2018 and is a648

German journal for RDM . As ing.grid and BausteineFDM are active since 2023 and 2018, no649

filters for publication date needed to be applied for the search [63], [64].650

Selection and data collection process [25] Afterwards, the resulting papers were exported in651

the .ris format along with their abstracts into the PICO-Portal8. There, a independent double652

abstract screening took place. Selected publications were screened by full text by both reviewers653

independently. Adjudications were decided by the lead reviewer and when in doubt, included in654

the review rather than excluded.655

8. https://picoportal.net/
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