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ABSTRACT 

Data is an integral part of modern scientific work. Good research data management (RDM) and the 
communication of the related information is extremely an important matter. It is not only crucial for 
the ongoing research and its claims but also for the future uses of data. In recent years some 
guiding principles, e.g. FAIR principles and initiatives at the national and international level, e.g. 
NFDI, NFDI4Ing have also been founded to improve RDM. The data and its metadata are often 
handled in file system like structures which are versioned and logged. The information relating to 
the data handling are documented in data management plan (DMP). DMPs are also usually 
managed in similar file structures. These are made available in editable document formats as well 
as online free-text editable forms to which users are required to keep updating manually. These are 
isolated documents which have neither direct relation to data for verification nor are common to 
understand with consistency. In this paper, research data management of large-scale 
interdisciplinary projects is presented. On one hand it introduces, contemporary practices of RDM 
and on the other hand it helps researchers to determine the features of RDM system in the 
situations when it comes to select or develop a system for the same purpose. It further introduces a 
system design for semi-automatic completion of DMP functions in collaborative environment a.k.a. 
virtual research environment (VRE). It is assumed that the proposed system will assist and enable 
users to update semi-automatically integrated DMP during all phases of data life cycle. Direct 
relation to the data for verification, common understanding and consistency will also be 
maintainable. 

Keywords:  Research data management (RDM), dynamic Data management plan (dDMP), Virtual 
research environment (VRE), Research data management system, Open science. 

 

 ملخص

الصلة رة الجيدة لبيانات البحث وإيصال المعلومات ذات تعتبر البيانات جزءا لا يتجزأ من العمل العلمي الحديث. كما تعتبر الإدا
أمرًا بالغ الأهمية. وليس ذلك مهمًا فقط للبحث المستمر ولكن أيضًا للاستخدامات المستقبلية للبيانات. وقد ظهرت فى السنوات 

تم تأسيس  كماوالدولي، على المستويين الوطني  FAIRالأخيرة بعض المبادئ التوجيهية، على سبيل المثال مبادئ ومبادرات 
NFDI  وNFDI4Ing غالباً ما يتم التعامل مع البيانات والبيانات الوصفية الخاصة بها في نظام إدارة بيانات البحث تحسينأيضًا ل .

ت يتم توثيق المعلومات المتعلقة بمعالجة البيانات في خطة إدارة البياناويتم إصدارها وتسجيلها.  بيانات الملفات مثل هياكل
(DMP تتم أيضًا إدارة .)DMPs  يتم توفيرها في تنسيقات المستندات القابلة للتحرير بالإضافة إلى و ،ملفات مماثلةعادةً في هياكل

نماذج النصوص المجانية القابلة للتحرير عبر الإنترنت والتي يطُلب من المستخدمين تحديثها يدوياً. هذه مستندات معزولة ليس لها 
، يتم تقديم إدارة بيانات البحث للمشاريع البحثيةتساق. في هذه الورقة البيانات من أجل التحقق ولا من الشائع فهمها باعلاقة مباشرة ب

ومن ناحية أخرى يساعد الباحثين  RDMممارسات معاصرة لـ هذا الطرح  متعددة التخصصات واسعة النطاق. من ناحية، يقدم
نفسه. يقدم أيضًا تصميم نظام مر باختيار أو تطوير نظام للرر  ندما يتعلق الأفي المواقف ع RDMعلى تحديد ميزات نظام 

(. من المفتر  أن النظام المقترح VREفي بيئة تعاونية مثل بيئة البحث الافتراضية ) DMPللإكمال شبه التلقائي لوظائف 
ما لتلقائي خلال جميع مراحل دورة حياة البيانات. كسيساعد المستخدمين ويمكّنهم من تحديث برنامج إدارة البيانات المتكاملة شبه ا
 يمكن الحفاظ على العلاقة المباشرة ببيانات التحقق والفهم المشترك والاتساق.

إدارة بيانات البحث، خطة ديناميكية لإدارة البيانات، بيئة البحث الافتراضية، نظم إدارة بيانات البحث، العلم  الكلمات المفتاحية:
 .المفتوح
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1. INTRODUCTION 

Scientific investigations are not only about theory and experiments but also include 
procedures and conducts (The Royal Society, 2012, Easterbrook, 2014, Leek and Peng, 2015). 
Communication of practices and results contributes together to reproduce and replicate the very 
same exercise again and again. Importance of reproducible findings have long been rooted in the 
modern investigation methodologies, i.e. science (The Royal Society, 2012). Whereas, digital 
instrumentation at large scale and dependence on data and computing machinery have 
reinforced the demand for the same in recent years (Baker, 2016, Stodden, 2010). As a result, 
notions emerge to align quantitative & qualitative matrices and the activities to define 
frameworks for investigation and scholarly communication (Hicks et al., 2015, DORA, 2012). 
These frameworks levy actual research activity with intensive disciplines, e.g. software 
engineering and also require knowledge and compliance with technical details of infrastructures 
as well as rules and regulations laid down by the concerned authorities, i.e. publication and 
funding agencies etc. (Wilson et al., 2014, Tenopir et al., 2011, Data Citation Synthesis Group, 
2014, Stodden et al., 2013). 

FAIR data principles and Open science are the two widely supported movements. FAIR 
principles set the goals for Findability, Accessibility, Interoperability, and Reuse of data. 
Whereas Open science not only set goals to make scientific research, data, and dissemination 
accessible to all levels of an inquiring society but also suggest principles of openness to the 
whole research cycle (Wilkinson et al., 2016, FOSTER). Thus, a classical research activity gets 
coupled with intensive tasks of information logistics (Klein, 1993). 

However, it is assumed that RDM support services and systems could rescue from 
complications and relieve workloads of an investigation and its scholarly communication. These 
systems could achieve this by encapsulating the rules and workflows while offering 
collaboration, fostering adoptability and interoperability between diverse and multiple sources  
(Van Gorp and Mazanek, 2011, Candela et al., 2013, Gray et al., 2005). 

RDM refers to the activities relating to the storage, organisation, documentation, and 
dissemination of research data. These are continuous activities which are needed to be 
performed during the period of the research project (Borghi et al., 2018). 

Different systems and services are being developed and proposed to accomplish 
challenging goals of RDM. In this context data types are defined based on its need and state, 
i.e., active and non-active research data. Data is considered active when it is part of an active 
phase of research, where data is considered non-active when it is not part of active phase of 
research. In this paper approaches and systems dealing with active research data are described 
from simple to complex in an incremental way. 

In following sections, an overview of RDM policy and strategy, research data, a review of 
approaches together with types of RDM systems to manage research data and a system design 
for integrated dynamic DMPs are presented. 

 

2. RDM POLICY AND STRATEGY 

To ensure best practices during research, an RDM activity starts with the development of 
RDM policy and strategy as a binding document for all the participants. This document defines 
research data, its related information together with research outcomes, file formats to 
communicate research outcomes, naming and versioning conventions, initial metadata 
standards, platform and information infrastructure, categories of roles and responsibilities of the 
participants (Jones et al., 2013). 

 

3. RESEARCH DATA 

Different bodies define research data differently. However, for the sake of reference in 
this paper research data described by German Research Foundation (DFG) guidelines is 
considered as follows. 

“Research data includes measurement data, laboratory values, audiovisual information, 
texts, survey or observation data, methodological test procedures and questionnaires. 
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Compilations, software, and simulations can equally represent a central result of scientific 
research and are therefore also included under the term research data. Research data in some 
subject areas is based on the analysis of objects (such as tissue, material, rock, water and soil 
samples, test specimens, installations, artefacts, and art objects), so its handling must be just as 
careful, and consideration must be given to a technically adequate option for subsequent reuse 
whenever meaningful and possible. Should subsequently reuse of the resulting research data be 
closely associated with objects, then please also elaborate on this by providing all relevant 
information. Please consider the existing standards in your discipline, any current subject-
specific recommendations and any existing infrastructure services.” (DFG, 2021). 

 

4. APPROACHES TO MANAGE RESEARCH DATA 

This section first provides an overview of versioning concept. Then introduces versioning 
techniques and systems for RDM including strategies relating to the storage of data and then 
about organisation of the data. Lastly, documentation of the data. 

4.1. Data Versioning 

During research, data evolves and goes through different stages and processes, e.g. 
from raw data to processed data and to data as product. So, it could have different versions. 
The stages of data are modelled as data lifecycle (Weber and Kranzlmüller, 2019). 

For a modern research it is not only important to present the results but also provide 
a clear protocol to allow successful repetition and extension (Mesirov, 2010). Thus, 
maintaining different versions become important for repeatability and reproducibility of the 
same results. Each new version of data is maintained in a way that it has some important 
associated information, e.g. date and time of its creation, author, new contents, reference to 
the older version and description of changes.  

4.2. RDM by Means of Versioning 

There have been different strategies to maintain different versions of the data. A very 
basic and classic approach is that on every change a newer file of the data is created and 
saved with corresponding information. Creating versions in this way could cause creation 
of lots of files which could become difficult to manage. To deal with this issue software 
tools and solutions are being developed under the theme of Version Control System (VCS). 
These systems maintain changes and log associated information of a file or set of files in 
their internal databases. In this way they offer a simpler organisation of different versions 
as well as enable users to restore specific versions later (git-scm). 

Those software tools are being categorised as Local VCS, Centralised VCS and 
Distributed VCS based on their design. The key difference among them is as follows. Local 
VCS maintains all the versions of data on local system. GNU RCS1 is an example of such a 
system. Centralised VCS maintains all the versions of data on a central server and users can 
access specific version using client software. CVS2 and Apache Subversion3 are examples 
of such systems. Distributed VCS maintains data on a server with a difference that every 
client also has all the history of data versions. Therefore, they do not depend on the server 
as much as they do in case of Centralised VCS. Git4 and Mercurial5 are examples of such 
systems. 

Simple version control systems have limitations. Therefore, to collaborate and reuse 
data, information managed in simple VCSs are not sufficient.  

4.3. RDM Using Systems Built Around Versioning Systems 

In case of collaborative research projects in which scientists are from different 
disciplines, stationed at distinct locations and generating heterogeneous data, the task of 
RDM requires a comprehensive solution. Because requirements for the management of data 

                                                 
1 https://www.gnu.org/software/rcs 
2 http://cvs.nongnu.org 
3 https://subversion.apache.org 
4 https://git-scm.com 
5 https://www.mercurial-scm.org 
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in such cases get diversified, e.g. collaborative work requires comprehensive access 
management not only for already saved file like data but also for real-time collaborative 
authoring and viewing, internal communication, commenting and annotation, custom 
metadata etc. Therefore, applications and services around VCS have also been developed to 
constitute new range of systems. These systems introduce further features and tools, e.g. 
unique IDs, wiki pages, project model, project pages, tasks and task boards, metadata 
creation and extraction, support for standard protocols and APIs (Amorim et al., 2017). 

These systems can broadly be categorised in four main categories based on their 
function during RDM activity: -  

 Storage systems: These are the range of systems which support to save data and manage 
access to it. Some of these systems also offer document authoring support. Example of 
these systems are Powerfolder6, OwnCloud7 etc. 

 Development support systems: These are the range of systems which are developed 
with the aim to manage code and code alike data, which is meant to exhibit special 
structure, compile and execute. These systems further extend functionality and offer 
convenient features, e.g., continuous integration and deployment. GitHub 8 , GitLab 9 , 
Overleaf10 and similar authoring and coding systems are examples of such systems. In 
some cases, these systems, e.g., GitHub might also be used as publication platforms and 
repositories. 

 Publication platforms and repositories: These are the range of systems where data is 
usually parked at the end of its active state. Data in these systems is usually registered to 
release and make public. There are exceptions that some of these systems might not 
support multiple versions of the same data. Thus, each submission might be managed 
independently. Examples of these systems are mediaTUM11, Zenodo12/ InvenioRDM13, 
CKAN14, DSpace15, Fedora16, Dataverse17 etc. The category of publishing systems may 
also include indexing platforms, e.g., DataCite18 where researchers could publish their 
metadata. 

 Virtual Research Environments (VRE): These are also named as Science Gateways 
(SG) and Virtual Laboratories (VL). These are relatively new genre of systems to offer 
range of tools for complete research workflows. Apart from their own storage system, 
these systems offer integration and interoperability with external systems and 
infrastructures to aggregate and disseminate data while offering central point for controls. 
Example of these systems are eWorkbench19, VRE4EIC20, OSF21 etc. In industry similar 
genre of systems are taking place under the flagship of Hybrid cloud (Marcio et al., 
2017). 

                                                 
6 https://www.powerfolder.com 
7 https://owncloud.com 
8 https://github.com 
9 https://gitlab.com 
10 https://www.overleaf.com 
11 https://mediatum.github.io 
12 https://zenodo.org 
13 https://inveniosoftware.org 
14 https://ckan.org 
15 https://dspace.lyrasis.org 
16 https://duraspace.org/fedora 
17 https://dataverse.org 
18 https://datacite.org 
19 https://eworkbench.github.io 
20 https://vre4eic.ercim.eu 
21 https://osf.io 
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4.4. Data Organisation 

There are three distinctive ways to organise data in RDM systems, i.e. file based, 
form based and project based. 

 File based: In file-based approach data is stored usually under file management system 
using file objects. In this scheme files are organised under folder or directory 
hierarchies. Directories are created based upon the themes, e.g., instrument, laboratory, 
month, topic to organise similar files. For RDM activity a standard file system layout 
and naming conventions for files are defined which researchers are required to follow. 
In some cases, it not only includes standard data files but also includes documentation 
and metadata files. Directories are applied VCS, e.g., Git. In order to maintain folders 
independent of each other modular approach of VCS, e.g. git submodule are applied 
(Spreckelsen et al., 2020). Applications like file manager are used to organise and 
access such data. 

 Form based: In form-based approach data is accessed, visualised and versioned by the 
means of custom software programs, e.g. data relating to the events is managed by an 
appointment software module. Modern systems adopt this approach to maintain and 
organise documentation and data management plan as well as metadata. In this approach 
data is stored usually in data management systems, e.g., PostgreSQL22. 

 Project based: This approach uses both file and form-based approaches. It is best suited 
for large projects consisting of multiple hierarchies of sub projects. It uses project 
model and employs namespaces concepts to maintain contextual aspects of data and 
information as well as access management. In this approach, project models are defined 
and programmed to encapsulate information specific organisation/ tools, e.g., 
appointment and calendar, files and storage, sub projects, metadata, and data 
management plan.  

4.5. Data Documentation 

Just like data organisation approaches there have been two basic approaches to 
document information relating to data and research practices, i.e., file based, and form 
based. Form based approach has advantages of automation due to being supported by 
custom software program. Whereas, file-based approach requires researchers to maintain 
each and every piece of information in files manually. For example, if metadata is 
maintained in a file, then whenever data is updated, researchers are required to update 
corresponding fields of metadata in the file manually. However, in case of form-based 
approach log of the files are automatically maintained through the data file updating 
process. Advance case of documentation of practices in data management plan is discussed 
in the next section. 

 

5. SYSTEM DESIGN FOR DYNAMIC DMP 

Data Management Plans (DMPs) are described as a key element of good data 
management. A DMP describes the data management life cycle for the data to be collected, 
processed and/or generated by a project (European Commission). It is a requirement for all the 
DFG projects and doctoral theses. It is also one of the key topics of national and international 
research data initiatives, e.g., NFDI4Ing23, RDA24. 

DMP consists of the text that describes intentions at the beginning, practices during the 
investigation process and later the applied approaches that how the data has been handled from 
first conception of the project till it is archived or, if deemed necessary, deleted. 

In the beginning, it is composed by formulating questions. These questions are raised by 
the funding agencies like DFG, EU or by the competent authorities of the projects or 
consortiums, e.g., TRR277 AMC25 for domain specific requirements and then it is offered to 

                                                 
22 https://www.postgresql.org 
23 https://nfdi4ing.de 
24 https://www.rd-alliance.org/groups/dmp-common-standards-wg 
25 https://amc-trr277.de 
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their participants. Participants then answers in a free-text form. It is recognised that this 
approach put an administrative burden on researchers. And the provided information is not as 
much useful as it should be while considering its anticipated benefits (Smale et al., 2020). 

In the following sections, first a review of related work, core features of TUM 
Workbench as VRE to manage research data, background and rationale are explained, then a 
system design for semi-automatic completion of DMP functions is introduced. 

5.1. Related Work 

The review of existing solutions showed that, at the moment it is a simple document 
which is available in editable document formats as well as online free-text editable forms 
(EC H2020, 2018, OpenAIRE, 2017, RDMO). In order to maintain common understanding 
and consistency of the answers, this document is also offered with some examples of 
answers and hints for its authors (EC H2020, 2018). There are solutions that help authors to 
create an accustomed DMP document (CLARIN-D, OpenAIRE and EUDAT, RDMO). In 
addition to create a custom DMP, it goes to make way to link DMP to data archiving 
system which takes place at the end of the data life cycle (RDMO). 

Due to realisation that DMP is an active document, new trends are emerging to make 
this document machine actionable by defining application profiles and bridging the gap 
between data and its corresponding DMP. And to facilitate authors to author this document 
(Miksa et al., 2019, DCC, 2021, Miksa et al., 2017). There have been efforts to define data 
model for DMP (Miksa et al., 2021b, Freudenberg et al., 2016) then the definition of 
automated workflows based on business processes in an institutional context (Miksa et al., 
2021a). 

The work being presented in this paper relates to a collaborative environment, i.e. 
VRE in which projects and research may belong to different institutions regardless of a 
specific location. The design and approach presented in this paper has a potential to semi-
automatically complete DMP tasks which have not been demonstrated in other approaches 
so far, e.g., data collection and selection details. The concept of dynamic DMP already 
pertains to idea of data model. It is defined as a plan which can adopt or suggest user based 
on the information available on the associated data part and vice versa. 

5.2. TUM Workbench 

TUM Workbench26 is an installation of eWorkbench27 which is being developed by 
Technical University of Munich Library. Its technological backend including data backup 
and archive services are being supported by Leibniz-Supercomputing Centre (LRZ). 

TUM Workbench offers namespaces concept for user, project, sub project as well as 
for available tools to manage research data. Thus, hierarchical, and composite data 
management is possible while maintaining inheritance, contexts and access rights. Tools 
available in TUM Workbench are included storage, file, appointment, calendar, note/ lab 
book, task, task board, commenting and annotating, notification as well as communication 
tools. Tools are termed as elements. Access and rights management are realised by 
assigning role in a project. Rights can be customised for elements on individual basis too. 
Information and data can be registered in terms of online forms and files. Apart from basic 
operations over data, i.e., create, read, update, move, TUM Workbench also offers link/ 
unlink operation to refer to and to present a simple association between elements, e.g. to 
associate data and corresponding DMP. Other common features of all the elements include 
unique ID, versioning, change logs, support for DataCite as basic metadata, addition of 
custom metadata fields, web GUI, support for WebDAV and CalDAV protocols, REST 
API, plug-in support, and management of custom DMP templates. Figure 1 presents a 
snapshot of web GUI based user dashboard in TUM Workbench. 

Based on the above-mentioned features figure 2 presents data management model of 
AMC in TUM Workbench.  

 

                                                 
26 https://workbench.ub.tum.de 
27 https://eworkbench.github.io 
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Fig.1: Snapshot of a user dashboard in TUM Workbench. 
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Fig.2: Data management model of AMC in TUM Workbench. 

 

AMC is a trans-regional centre hosted by TU Munich and TU Braunschweig. 
Whereas the scientists and labs are situated at different locations. The research work of 
the AMC is grouped in three focus areas, i.e., Area A: Materials and Processes, Area B: 
Computational Modelling and Control, and Area C: Design and Construction28.  

5.3. Background and Rationale 

It is assumed that during research work while interacting with tools, users generate 
useful information which may be recorded by means of automation or users’ manual 
insertions. For example, when user create a dataset by using upload feature of the VRE, 
VRE can record date of creation, size, author’s name, and contextual information under 
which data is created etc. And in case of updating existing data users are required to 
provide change message which can lead to the information about data processing, changes 
in data etc. All this information collectively constitutes metadata of the corresponding 
data as shown in figure 3. This very information can be consumed by associated dynamic 
DMP either to automate its fulfilment without requiring users to type in the form or by 
suggesting information based on such data to users to semi-automatically fill the form. 

As such, it is assumed that metadata models supported research data management 
plans could offer an opportunity to reduce the time consuming, repetitive manual 
processing and often error prone work of documenting DMPs. And increase DMPs’ 
acceptance.  

5.4. System Design, Components, and Interaction Model 

Figure 4 presents system design and respective components of the suggested 
system. Each component may consist of multiple subcomponents. Following is the 
explanation of each main component and information flow.  

5.4.1. Data 

Data component represents dataset with which DMP is associated. In this 
diagram the hierarchy of the data is presented where all the contextual information 
may also be retrieved. Depending on the organisation a dataset may consist of 
single file, storage, project etc. 

                                                 
28 https://amc-trr277.de/amctrr277-research 
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5.4.2. Metadata 

Every dataset in TUM Workbench has associated metadata. Metadata 
component represents that metadata part. It may vary depending on the dataset. 
Even it may vary for the similar types of datasets. It consists of two parts, i.e., form 
and metadata model. 

 
Fig.3:  Data file element page presenting fields for auto generated and manual metadata 

entries. 

 

 

Fig.4:  System design, components, and interaction model for dynamic DMP. 

 

5.4.3. Data profiler 

Profiler component will serve two purposes. On one hand it will iterate 
through the data and corresponding metadata to create a glossary, on the other 
hand it will fill the missing metadata fields of the corresponding data automatically 
or suggest users in case users attempt it manually. It will also serve as an alternate 
source of information for DMP component. 

5.4.4. DMP 

DMP component represents DMP form including its data model as well as 
its controls. DMP controls will be communicating with the metadata component of 
the associated data. If the required information is available on the data part, the 
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DMP will consume it or suggest the user for input. If the information is missing on 
the data part, then DMP user as well as data part, e.g., data manager, data system 
could be informed. Or in an ideal case data could be labelled with such a fact. In 
some cases, DMP control will also be communicating with profiler component, 
e.g., if a metadata field is empty then glossary could be consulted, or profiling 
function could be invoked on ad hoc bases etc. DMP component will also have an 
associated context component which will be governing contextual information and 
states of DMP. 

5.4.5. Data model resolver 

Since DMP can be associated with different levels of data, a data model 
resolver component will resolve DMP form, data model etc. as per corresponding 
dataset. 

5.4.6. UI control engine 

Since the values of the DMP are supposed to be dynamic, the user interface 
components should also be rendered dynamically as per corresponding data 
models, e.g., checkboxes and lists. Therefore, UI control engine will be resolving 
form and its components’ rendering at the run time. 

5.5. Methodology and Future Work 

Based on the problem definition, we are following Design Science Research 
Methodology (Hevner et al., 2004) to produce and evaluate artefacts iteratively. With the 
inception of AMC in 2020, RDM policy and strategy, custom DMP and corresponding 
data lifecycle model have already been defined. First the solutions were evaluated and 
improved based on the feedback of test users who were researchers in the field of 
architecture. Then the solutions were offered to the community for their real jobs. Data 
management and organisation is being done using TUM Workbench as VRE (Shah, 
2022). The work on data model based on custom DMP is in progress. After the 
completion of the data model the proposed system will be implemented. The produced 
artefacts will be offered to the AMC research community and the evaluation and 
improvement processes will be started iteratively. 

 

6.  CONCLUSION 

This paper discussed two main interrelated topics. First topic about RDM strategies & 
systems and the second topic about system design for dynamic DMPs. The strategies and 
systems for RDM have been discussed and categorised based upon complexity and scale in an 
incremental way. In this way readers could be guided to define their own strategy and selection 
criteria based on their own use cases and requirements as well as resources. Second section has 
discussed advanced documentation system, i.e., DMP. The system design has been presented 
based on an ongoing work. It indicates as to how an integrated DMP could be realized which 
will be verifiable, semi-automatically updatable and maintainable for common understanding 
and to increase its acceptance. Further development of features, e.g., integration of data sources 
like Data Science Storage (DSS) in TUM Workbench are in progress. Although system design 
for dynamic DMP was presented on the example of TUM Workbench, the approach is system 
agnostic and could be adopted for any other RDM system exhibiting similar features. Members 
and the research work of AMC belongs to different disciplines. It would help to generalise and 
determine the limitations of the proposed system. Therefore, future work would include the 
discussion of results, challenges, lessons learnt, strength and limitation in handling various types 
of data based on the proposed strategy. 
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