
CRC 1270 ELAINE 
 

151 

A Comprehensive Approach to Support Research – Processes in 
the CRC 1270 ELAINE 
 
Max Schröder1,2, Frank Krüger1, Robert Zepf2, Ursula van Rienen3, Sascha Spors1  
 
1Institute of Communications Engineering, University of Rostock 
2University Library, University of Rostock 
3Institute of General Electrical Engineering, University of Rostock 
 
 
Virtual research environments play a central role in today’s interdisciplinary research. 

They provide a secure and convenient way for collaboration and traceable research. 

While all-in-one solutions exist that enable researchers to collaborate during the entire 

research data lifecycle, we argue that a flexible virtual research environment can also 

be composed of off-the-shelf services. In that vein, we introduce the virtual research 

environment of the CRC 1270 ELAINE and discuss different implementation aspects. 

 
1 Introduction 
 
Managing digital research artefacts (such as data, models and source code) in a con- 

venient, comprehensive, flexible and secure way is an important issue in today’s re- 

search (Hanson et al., 2011). Many approaches, however, focus on storing, archiving 

and publishing only the research data. Other artefacts of the research process such as 

the model, the source code of the analysis, and the computing environment are often 

not considered. In the Collaborative Research Centre (CRC) (German: Son- 

derforschungsbereich) 1270 ELAINE supported by the German Research Foundation 

(German: Deutsche Forschungsgemeinschaft, DFG), instead, we aim at supporting 

the overall research process that begins at the definition of the hypothesis and ends at 

the dissemination and publication of the results and findings. While all-in-one software 

exists that aims at supporting the entire lifecycle, different reasons prevent researchers 

from using such solutions. Firstly, such all-in-one solutions are not very flexible when 

it comes to the individual needs of a multidisciplinary and heterogeneous research 

group. Secondly, if the software will no longer be developed, great effort is required to 

re-use and migrate the research artefacts to another solution. Furthermore, hosting all-

in-one software at one own’s institution, often is not easy when it comes to installation, 

maintenance, and extension. Finally, researchers are often not allowed to use 

“Software as a Service” offers that are hosted abroad. Reasons for this are for instance 

data privacy issues and governmental guidelines. 
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In the CRC ELAINE, the needs of the researchers range from documenting simulation 

studies and wetlab experiments, to managing and sharing data and models in different 

lab environments, to supporting versions, provenance and archival of research 

artefacts.  

In contrast to all-in-one software solutions, we propose a Virtual Research 

Environment (VRE) that builds upon simple individual services, particularly tailored for 

the specific needs of each research field. This enables the easy replacement of single 

services if e.g. requirements change or service development is discontinued. In order 

to determine the requirements of the individual researchers, we performed a system- 

atic assessment by use of a questionnaire (Krüger and Spors, 2018) in addition to visits 

of the research groups. For the appropriate selection of each service, we additionally 

interviewed domain experts that are target users of the service. 

With respect to the research artefacts, the research process can be structured into 

three major tiers: 1. Study planning and data collection, 2. Collaborative modelling and 

data analysis, and 3. Reproducibility, provenance and archival. For each of these tiers, 

a large number of simple but specialised Open Source web-services are available.  By 

the use of standardised interfaces, the services can be integrated into a compre- 

hensive, flexible and secure VRE. The VRE for the CRC ELAINE which we currently 

implement is illustrated in Figure 2. The particular services, e.g. electronic lab note- 

books, Jupyter notebooks and Docker are result of the requirements analysis with the 

researchers. 

The next section introduces the general idea of VREs. Section 3 presents the details 

of the VRE within the CRC 1270 ELAINE followed by a discussion of the VRE. 

 

2 Virtual Research Environments 

Candela et al. (2013) define VREs as “innovative, web-based, community-oriented, 

comprehensive, flexible, and secure working environments conceived to serve the 

needs of modern science.” Thus, they enable more efficient, open, and reproducible 

research (Barker et al., 2019). Agreeing with this definition, we would like to add  

another aspect. The overall research process is driven by research artefacts beginning 

at the formulation of a hypothesis; ending at the dissemination and publication of the 

data and source code. Research artefacts in this case are data such as spreadsheets, 

sensor data and survey results. Furthermore, simulation models, source code, and  
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images are also research artefacts, e. g., CT scans. However, not all artefacts are 

digital, e. g., materials, prototypes, and lab notes. A VRE, then, has to incorporate and 

track the creation, modification, and share of these research artefacts that are 

increasingly (re-)used in the research lifecycle (Briney, 2015). 

Several  solutions for specific research fields exists,  such as for  the structural biol- 

ogy (Morris et al., 2019) and genomics (Codó  et al., 2019), astronomy (Herwig et al., 

2018), archaeology (Meghini et al., 2017), and earth sciences (Marelli et al., 2016). 

Especially in highly multidisciplinary research projects, such specifically tailored solu- 

tions, however, cannot be employed for all researchers. Thus, a more generally ap- 

plicable solution is needed. The Open Science Framework1 is an example for such all-

in-one software. Instead of using a single software for the overall life cycle, simple tools 

tailored for specific use cases integrated into each other are another option. This 

increases the effort for integration, but at the same time increases flexibility of the VRE. 

Services can be easily replaced if requirements change or development is discontin- 

ued. Khoonsari et al. (2019) follow a similar direction by providing a scalable data 

analysis platform for applications in metabolomics that can be launched on demand 

using Docker2 and Jupyter3 notebooks. 

Central aspects of a VRE are the support for FAIR principles Wilkinson et al. (2016), 

powerful programming interfaces which are needed in order to integrate the services 

into the research workflow and existing software systems as well as an effective user 

interface. Ardito et al. (2016) proposed the creation of a VRE addressing the diversity 

of users based on the meta-design approach. In order to support the FAIR principles— 

i. e., findability, accessibility, interoperability, and reusability—Dimitrov and Stoyanov 

(2018) proposed a discovery service for the CKAN44 data repository engine. 

 

 
 
 
 
 
 
 
 
 
                                            
1 see https://osf.io/ 
2 see https://www.docker.com/ 
3 see https://jupyter.org/ 
4 see https://ckan.org/ 

https://osf.io/
https://www.docker.com/
https://jupyter.org/
https://ckan.org/
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Typical investigations within the CRC 1270 ELAINE involve experiments and simu- 

lations. The results of the experiments are used to calibrate and validate simulation 

models, whereas the results of the simulation are used to determine optimal parame- 

ters for the electrical stimulation of the tissue. As this research is conducted by different 

research teams at different locations (partly even different cities), the usage of a VRE 

that enables researchers to share data and results in a traceable way is of central in- 

terest. As previously discussed, further aspects of the VRE are usability, security and 

privacy. 

The VRE of the CRC 1270 is also a testbed for novel services that are later de- ployed 

for all members of the university. To support this target, we are working closely together 

with the university library and the IT and Media center. To be applicable for all 

researchers of the university, the VRE service cannot be domain specific. 

The VRE of the CRC 1270 ELAINE is built upon a set of microservices, each of them 

addressing particular objectives of the research data lifecycle. To this end, these 

services are ordered accordingly, resulting in the three tiers for data collection, data 

analysis and data archival. A schematic representation of the VRE is given in Figure 

The selection of the services based on the results of the questionnaire (Krüger and 

Spors, 2018) that was used as an initial analysis of the requirements within the CRC 

1270 and subsequent visits of the research groups. A strong focus during the selec- 

tion of potential services, however, lay on web based open source software in order to 

decrease proprietary dependencies and increase convenient usage of the researchers 

avoiding the install of software on their computers. In the following, an overview of the 

three tiers is provided, the different aspects are discussed and the specific microser- 

vices introduced 
 
3.2 Tier 1: Study Planning and Data Collection 
 
The first tier of the VRE is concerned with the beginning of a new research investiga- 

tion: the documentation of the research question or hypothesis. Furthermore, also the 

subsequent documentation of the experiment respectively study as well as the initial 

data storage has to be afforded at this stage. 
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respectively studies. Digital solutions for such white paper doc- umentations exists. 

Their main advantage is searchability and readability of multiple researchers at the 

same time if configured appropriately. Although general project management tools can 

be employed for the documentation of laboratory experiments, electronic lab notebook 

(ELN) solutions might better suited. ELN tools often provide additional features such 

as materials databases, laboratory management features, and the possibility to define 

and share Standard Operation Procedures (SOP). Such functionality can also be used 

to define the set of minimum information that are required to make experiments 

reproducible (Budde et al., 2019). 

For these reasons, we decided to deploy elabFTW9 as ELN solution in the CRC 

1270. This tool is not tailored for a specific domain but rather for the documentation of 

many kinds of experiments providing a white-paper based documentation style. While 

the main demand of this tool is for in-vitro and in-vivo documentation, some researchers 

try this tool for their general research documentation. Other prominent examples of 

electronic laboratory notebooks include labfolder10, openBIS11, and RSpace12. 
 

Data Storage and Internal Data Sharing  
The second major aspect of this tier is the storage and sharing within the research 

consortium of the raw data created during an experiment respectively a simulation 

study. Despite the actual storage of arbitrary data formats, several additional 

requirements have to be met. The provenance of data has to be tracked, which not 

only includes meta information such as the author of the data and a description; but 

also revisions of the data and the meta data i. e., versions. The data artefacts have to 

be findable, accessible, interoperable, and reusable (Wilkinson et al., 2016) for the 

original creator but also other researchers for whom this dataset is shared. The internal 

storage platform ideally is integrated into the publication service in order to 

automatically create a public version of the data set on request. In the CRC 1270 

ELAINE, two services for the data storage were selected that com- plement each other: 

CKAN13 and PowerFolder14. CKAN is a tool that enables the stor- age of meta 

information along with a set of resources which can be files or urls. The tool then 

provides a web interface for the search and simple inspection of the data sets.  

                                            
 9 see https://www.elabftw.net/ 
10 see https://www.labfolder.com/ 
11 see https://labnotebook.ch/ 
12 see https://www.researchspace.com/ 
13 see https://ckan.org/ 
14 see https://www.powerfolder.com/ 

https://www.elabftw.net/
https://www.labfolder.com/
https://labnotebook.ch/
https://www.researchspace.com/
https://ckan.org/
https://www.powerfolder.com/
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It supports a basic versioning of the datasets by providing meta data fields for version 

information and the possibility of creating relations between datasets. Although this 

satisfies the requirements for the storage of data from research investigations, the soft- 

ware PowerFolder—a file synchronisation and sharing tool—(along with OnlyOffice15) 

is employed for the collaborative editing of text, spreadsheets and presentations. The 

PowerFolder service is already deployed by the central IT and Media Center for all 

members of the university. 

 
3.3 Tier 2: Collaborative Modelling and Data Analysis 
 

After the experimental study has been planned and the raw data collected, the mod- 

elling and data analysis phase begins. During this phase, researchers often iteratively 

develop models or perform data analyses. Different versions of data, models and scripts 

evolve, which have to be maintained appropriately. Furthermore, during the de- 

velopment and discussion of the data analysis, it is often necessary to share interme- 

diate results and insights. This indicates the need for version control and collaborative 

environments for modelling as well as data analysis and exploration. Instead of using 

click-and-point software, the analysis should be developed as source code in order to 

enable reproducibility. Furthermore, in order to enable other researchers understand 

the analysis and models, the method of literate programming recently gained attention. 

This method combines explanatory text and source code in a single document. In the 

CRC 1270 ELAINE, a Jupyter notebook16 service is deployed in order to support 

literate programming. This service provides an interactive web user interface for the 

development of source code and documentation as well as the execution of the 

analysis using the computing resources of the server. Similar software include RStu- 

dio Server17 with the R packages knitr18 or Sweave19. The Jupyter service, however, 

does not track different versions of the model respectively the analysis. To incorporate 

this functionality in the CRC 1270, a local Gitlab20 instance is deployed, that provides 

GIT repository management as core functionality. The Gitlab, furthermore, provides 

continuous integration functionality that can be used in order to control data quality as 

well as reproducibility (Pietsch et al., 2019). In combination both services enable to 

collaboratively work on the data analysis and keep track of modifications and results. 

                                            
15 see https://www.onlyoffice.com/ 
16 see https://jupyter.org/ 
17 see https://www.rstudio.com/products/rstudio/ 
18 see https://yihui.name/knitr/ 
19 see https://leisch.userweb.mwn.de/Sweave/ 
20 see https://about.gitlab.com/ 

https://www.onlyoffice.com/
https://jupyter.org/
https://www.rstudio.com/products/rstudio/
https://yihui.name/knitr/
https://leisch.userweb.mwn.de/Sweave/
https://about.gitlab.com/
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3.4 Tier 3: Reproducibility, Provenance and Archival 
 
This last tier is concerned with the tasks of completing the research investigation arte- 

facts, providing a comprehensive and integrated overview of the investigations, and 

providing convenient access to them. As such this task is divided into three parts: 

Reproducibility, Provenance, and Archival. 

 
Reproducibility  

To support reproducibility on a technical level a comprehensive doc- umentation, 

tracking of the research artefacts, and programming of the research analysis has 

already been discussed. Additionally, it is crucial to document the software stack that 

is used for the computation of the results i. e., the computing environment. For the 

comprehensibility of the research investigations it, however, is not enough to provide 

an executable image of this computing environment. Furthermore, a description of the 

environment with its software dependencies including the software versions is needed. 

This enables both easy execution as long as the image is working and a specification 

enabling to rebuild the computing environment if the virtualisation solution does no 

longer exist. 

For this purpose, containerisation solutions recently are gaining attention. Within the 

CRC 1270, we use Docker21 as a containerisation tool. This enables to build the com- 

puting environment based on the specification in so-called Dockerfiles. The Docker 

tool exists for many operating systems providing an easily executable environment on 

the personal computer of the researchers. Furthermore, continuous integration chains 

such as in Gitlab support the usage of these container images. Thus, they can be in- 

corporated to automatically check data quality and consistency. Other solutions include 

Singularity22. 

 
Provenance  

For the reproducibility but also the comprehensibility of the research investigations 

even after years, it is crucial to document the provenance of research artefacts and 

their relations (McClatchey, 2018). Provenance information should be integrated into 

all parts of the VRE so that it is both understandable for other researchers and machine 

                                            
21 see https://www.docker.com/ 
22 see https://www.sylabs.io/singularity/ 

https://www.docker.com/
https://www.sylabs.io/singularity/
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interpretable. The latter is crucial in order to provide consistency checks and automatic 

notifications about new revisions of artefacts. 

In the CRC 1270, we incorporate the standardised W3C PROV formalism (Schröder 

et al., 2019). While a machine interpretable version in the form of turtle and other lan- 

guages can be maintained, the information can easily be converted into a provenance 

graph that is understandable by researchers. A prior version of this formalism is known 

as OPM Provenance Model. 

 
Archival and Publication  

A reproducible and comprehensible documentation of the research investigations shall 

be achieved for a long period of months and years. To support this archival of the 

research, multiple services need to be employed. All research artefacts need to be 

archived under consideration of the FAIR principals (Wilkinson  et al., 2016). For the 

archival the same requirements as already for the storage of the artefacts during the 

research process need to be satisfied. For the archival task we use multiple services 

within the CRC 1270 depending on the type of artefact. For source code artefacts, we 

use GitHub23 in companion with Zenodo24 as a public archive. Whereas GitHub is a 

platform for the management of GIT repositories, Zenodo is a public data storage 

repository for the archival. Zenodo provides DOIs for each version of a data set and 

can automatically import the resources from a GitHub release. When it comes to 

datasets the service DSpace25 comes in and, finally, for the archival of publications,  

the RosDok26  platform is used.  DSpace is a repository software that enables storage 

of arbitrary datasets similar to the CKAN data storage, but with a richer customisable 

meta data set. Similar software includes Dataverse27 and Invenio28. The RosDok 

service is a local variant of the mycore framework29, which also is a repository software. 

 

4 Discussion 
Beside the service requirements of the VRE, other requirements exists that play an 

essential role. To those belong convenience, general technical and legal aspects as 

well as requirements from the particular research artefact types. 
 
                                            
23 see  https://github.com/ 
24 see  https://zenodo.org/ 
25 see https://duraspace.org/dspace/ 
26 see http://rosdok.uni-rostock.de/ 
27 see https://dataverse.org/ 
28 see https://invenio-software.org/ 
29 see http://www.mycore.de/ 

https://github.com/
https://zenodo.org/
https://duraspace.org/dspace/
http://rosdok.uni-rostock.de/
https://dataverse.org/
https://invenio-software.org/
http://www.mycore.de/
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Research Artefact Types Not all research artefacts are digital, i. e., a multitude of 

different media are involved such as prototypes of 3d structures, materials, and sensor 

data. These different media have to be handled with their corresponding meta informa- 

tion including provenance and version information. Tracking this is essential in order 

to enable comprehensive understanding of the research experiment. We are still 

working on an efficient solution tracking real objects and their corresponding digital 

information. 

 

Convenience Dimensions Usability and training effort are other dimensions that need 

to be considered. This is highly dependent on the prior knowledge of the re- searchers 

which are not only different between research fields but also within a re- search group. 

As such, often a compromise between ease of use, functionality, and training effort 

has to be found when selecting a service. Often, researchers have to learn many new 

methods and concepts, especially the concept of versioning is not always clear. 

Furthermore, the user interfaces are not standardised so that every ad- ditional service 

requires at least a minimal level learning. A thorough training concept is currently 

developed and already partly implemented for the researchers in the CRC 1270. 
 
Technical Dimensions Despite the previously discussed aspects of the services, 

some additional general technical facets were considered: The most important issue 

is that tools support single-sign-on functionality so that researchers don’t need to regis- 

ter for every service individually. Software maintenance costs but also installation and 

infrastructure maintenance effort are also influencing aspects. Furthermore, the pos- 

sibility of extending the functionality of a tool is needed in order to adapt the solution 

to local requirements. A very important issue is security; the services have to enable 

fine-grained rights management and the possibility to create backups. 

 

Legal Dimensions The legal dimensions for supporting research processes by a VRE 

are manifold. From a top-down-view, this starts with governmental and institutional 

laws and guidelines that regulate data handling. Furthermore, especially in biological 

and medical fields, there are often approvals of experimental procedures that also 

contain regulations on the handling of research artefacts. Then there are laws about 

supervising working habits of employees that is technically easy when digital systems 

are involved. But also the visibility and editability of investigations and research 

artefacts need to be controlled, especially when it comes to industrial cooperations and 
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data privacy. Data privacy is also crucial with respect to combining multiple sources of 

research artefacts which may lead to de-anonymisation of them. There are many more 

legal aspects involved which we, however, cannot analyse here completely. 

 
5 Conclusion 
In this paper we argued that a VREs can support researchers in multiple disciplinary 
teams at different locations during the entire data lifecycle. We presented the VRE of 
the CRC 1270 ELAINE. We discussed different services and showed how they can 
contribute to the individual phases of the data lifecyle: 1. study planning and data col- 
lection, 2. collaborative modelling and data analysis, and 3. reproducibility, provenance 
and archival. In favour of more flexibility, the VRE was built from many specialised ser- 
vices. The requirements were collected by conducting interviews with the participating 
researchers, other research data management experts and early adoption test phases. 
While the VRE is still in development, a lot of open issues have to be addressed in 
future work. This starts by systematically assessing information about acceptance and 
usability from the researchers but also includes better integration of the particular ser- 
vices into each other as well as into the workflow of the researchers. Also the support 
for automatic workflows from data recording to analysis, including an assessment of 
the data quality could be of interest. Finally, as the VRE is envisaged as central data 
and information storage, methods of automatic data or text mining and information 
retrieval could be employed in order to provide automatic documentation. 
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