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ABSTRACT 
Complex research problems are increasingly addressed by interdisciplinary, collaborate research 
projects generating large amounts of heterogeneous amounts of data. The overarching processing, 
analysis and availability of data are critical success factors for these research efforts. Data repositories 
enable long term availability of such data for the scientific community. The findability and therefore 
reusability strongly builds on comprehensive annotations of datasets stored in repositories. Often generic 
metadata schema are used to annotate data. In this publication we describe the implementation of 
discipline specific metadata into a data repository to provide more contextual information about data. 
To avoid extra workload for researchers to provide such metadata a workflow with standardised data 
templates for automated metadata extraction during the ingest process has been developed. The enriched 
metadata are in the following used in the development of two repository plugins for data comparison 
and data visualisation. The added values of discipline-specific annotations and derived search features 
to support matching and reusable data is then demonstrated by use cases of two Collaborative Research 
Centres (CRC 1368 and CRC 1153). 
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1 INTRODUCTION  

In research projects from engineering sciences, large heterogeneous data sets are often generated as 

outcomes of experiments (e.g. data series, images, videos, etc.) as well as simulations (e.g. finite 

element analysis, CAD models, etc.). The organization of the resulting data sets is usually done on 

researcher’s computer or institute’s server in folder structures, sometimes supplemented by 

descriptions in so-called “readme-files” in a semi-structured way. This leads to challenges regarding 

the findability and re-usability of data both within the own organization, and even more for potential 

external researchers. Public data repositories are a first step in making data findable and available in 

the long term, but often requires a lot of additional effort by researchers. Data files need to be selected, 

assembled, described properly, and uploaded. Licenses regarding reuse conditions have to be defined. 

Furthermore, data repositories and metadata schema are often quite generic and domain-independent, 

which leaves the domain-specific context of the data generation unclear. 

Thus, the need to organize data to ensure the storage, accessibility, and re-use of scientific data as a 

valuable resource is not yet fully part of the scientific culture, but it is becoming increasingly evident 

in the scientific community. Complex and interdisciplinary research problems require overarching 

collaborations and collective study of data from various domains. The efficient management of data 

and information generated and the extraction of knowledge are critical success factors for large 

collaborative projects (Kapogiannis 2018). The FAIR data principles (findability, accessibility, 

interoperability, and reusability) (Wilkinson et al., 2016) describe how data handling can be improved 

to address such challenges. Research data management (RDM) refers to the entire handling of 

research-related data, from the planning of data collection to its subsequent use (Büttner et al. 2011). 

In the past, several infrastructures and services have been developed to establish RDM. The German 

National Research Data Infrastructure (NFDI) aims to link existing infrastructures and services and 

close remaining gaps with additional services for all scientific disciplines (Hartl et. al., 2021). 

Research data management systems (RDMS) support research projects in processing, managing, and 

depositing data collections (Sheveleva et al., 2022), and the comprehensive descriptions of data, thus 

improving the overall quality of data management and accessibility. Heterogeneous data types and 

formats, duplicate, incomplete or missing or inconsistent data or data descriptions (Effertz, 2010), as 

well as the lack of standardized processes and common platforms for accessing and working with data, 

are some of the most common problems. These problems are particularly evident at the level of 

collaborative projects involving different organizational units, as is the case in Collaborative Research 

Centres (CRCs). In CRCs a large number of projects from different sub-disciplines work together on 

an overarchring research problem (Mozgova et al., 2020). Each subproject generates, processes, and 

analyses data using different procedures and methods (Sandfeld et al., 2018). Harmonization and 

accessibility of data are critical success factors for a comprehensive view on data across projects of 

collaborative research projects and their subsequent reuse. 

In previous publications we introduced an implementation of the open-source data repository 

Comprehensive Knowledge Archive Network (CKAN) as a part of a research data management 

system for large collaborative projects (Mozgova et al., 2022; Sheveleva et al., 2022). We use the data 

repository in CRC 1368 (Collaborative Research Center 1368, Oxygen-free Production) and CRC 

1153 (Collaborative Research Center 1153, Tailored Forming), two different collaborative projects 

with a larger number of sub-projects. In this paper, we present an approach to provide more discipline-

specific metadata annotations of data and ease-to-use workflows for the generation of such metadata to 

increase the FAIRness. The identification of such specific, shared metadata concepts in collaborative 

projects, the implementation of automatic data annotations as well as the resulting use in terms of 

advanced search functions, data visualization, and data comparison features are presented in the 

following sections of this paper. 

2 STATE OF THE ART - RESEARCH DATA MANAGEMENT SYSTEMS  

In (Amorim et al. 2017) well-known RDM systems that can enable researchers and institutions to 

distribute data and support the RDM workflows are described. Data repositories play an essential role 

in any RDM system alongside knowledge management systems. An ideal data repository allows users 

to publish their data according to the FAIR Data principles where the data is findable, accessible, 

interoperable, and reusable (Wilkinson et al., 2016). As a prerequisite for any re-use of data, data 

needs to be findable first. In this case, data and metadata must be found by both humans and machines. 
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Machine-readable metadata is essential for the automatic searchability of data. Accessible means that 

users need to know how to access the found data. Interoperability refers to the need to integrate data 

with other data and with other applications and workflows. Reusable refers to the fact that metadata 

and data should be sufficiently described to be able to replicate or combine them with other settings. 

Optimizing the reuse of data is seen as the ultimate goal of FAIR. Repositories need to be designed in 

a FAIR way, enabling and allowing for the execution of the principles in publishing and sharing data 

(Devaraju et al., 2021). Many data repository platforms have been developed in the past to support 

researcher to publish their data as FAIR as possible. Based on the usage by researchers and 

institutions, CKAN (ckan.org), Zenodo (zenodo.org), EPrints, and DSpace are the most notable ones 

(Amorim et al, 2017). The mentioned platforms allow the users to annotate their data based on a 

predefined vocabulary that provides a harvesting opportunity for other platforms with the same 

annotation. For instance, in CKAN and DSpace, one can export metadata in RDF (Resource 

Description Framework) format and import it in another data repository instance. As mentioned, CRC 

utilizes CKAN as the data repository (Mozgova et al., 2022; Sheveleva et al., 2022). CKAN is 

developed by the CKAN Association, a member of the Open Knowledge Foundation, and is in use on 

over 1000 data portals worldwide, such as data.gov and data.gov.uk. or in terms of research data for 

example in the Leibniz Data Manager1 (Beer et al., 2022) or the European Data Portal2.  

The usage of controlled vocabulary for annotation is a core practice of data repository platforms that 

aim to comply FAIR data principle. Annotation based on a vocabulary makes the data understandable 

by both humans and machines. Besides, annotation can help to derive hidden relations and meaning 

between a variety of data gathered from different resources. Multiple data vocabularies have been 

developed for describing the data in different areas. Data Catalogue Vocabulary (DCAT) (Maali and 

Erickson, 2020) is one of the noteworthy ones since it allows to description the data in governmental 

institutions, and recently also in scientific communities. For example, users of CKAN can utilize an 

extension to export and annotate their data based on DCAT. Within the international repository 

directory “re3data.org” are over 500 repositories related to engineering sciences listed, approximately 

80 of them managed in Germany. These repositories show a high heterogeneity concerning the 

procedures used for data archiving and publication, metadata standards, and persistent identifier 

systems used. The published datasets often use generic metadata standards (e.g. Dublin Core (DC), 

DCAT, DataCite, ISO 19115, DDI, etc.) (Koppe et al., 2015) or metadata standards from other 

disciplines (e.g. Data Cube Vocabulary, CIF, netCDF). While the flexibility remains high, the use of 

generic metadata significantly limits the findability of discipline-specific content (Altun et al., 2021). 

3 RESEARCH BACKGROUND AND PROBLEM ANALYSIS 

As described, various data repositories and data management systems exist, but these often have the 

shortcomings of not being designed domain-specifically for engineering requirements. Subsequently, 

the possibilities of annotating the data sets usually do not go beyond generic approaches (e.g. custom 

key/value-pairs, read-me files, etc.) and have to be carried out manually by the researchers. This leads 

to usability challenges for researchers, as they are conventionally used to store data without an 

extended approach in terms of contextualization. As a result, it becomes increasingly challenging to 

implement RDM according to the FAIR data principles from the user's point of view and to ensure 

findability, accessibility, interoperability, and reusability for other researchers as well as stakeholders, 

especially in the case of the generation of large heterogeneous data volumes in collaborative projects.  

Our use cases involve CRC projects (CRC 1368 & CRC 1153), where about 80 researchers from 

various disciplines are involved. In CRC 1368 processes in an oxygen-free atmosphere are being 

researched to develop sustainable production technologies. In CRC 1153, the design of novel 

manufacturing process chains using the tailored forming technology to manufacture hybrid solid 

components with locally adapted properties is the research goal. We can conclude, that both CRCs 

share common metadata concepts on the level of project representations, data creators in multiple 

subprojects and the general description of data types and formats. A detailed representation of the 

context of data generation and processing requires domain-specific vocabularies and metadata for each 

CRC and the respective subproject.  

 
1 https://service.tib.eu/ldmservice/service/ 
2 europeandataportal.eu 
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Thus, the requirement for supporting contextual engineering metadata in the CKAN data repository is 

detected in both CRC projects. The requirement is in particular notable due to the system’s inability to let 

users define the contextual metadata for each data resource (file). Contextual metadata is mostly 

referring to the process parameter(s) describing the condition of data generation. The key usage of these 

metadata in the CRC project is to increase the searchability of the research data by benefiting from the 

them in shape of an advance search or facet filters. One can argue that the description field in CKAN can 

be used for noting the contextual metadata. However, descriptions are text-based metadata, and writing a 

long text makes it cumbersome to look for data based on a specific contextual metadata field value. 

Moreover, CKAN allows users to define custom metadata for their dataset in the shape of “key:value” 

where the key is the metadata’s name and the value is the metadata’s value. However, this prevents users 

from defining data-resource-level custom annotations. As a use-case, in the CRC project, a dataset often 

contains a high number of data resources. Each one of these data resources can have its contextual 

metadata. Moreover, the key:value feature is completely manual and can be named anything by the 

researcher who uploads the data. This makes it difficult to search based on the contextual metadata due 

to name inconsistencies. For example, one researcher can name a contextual metadata “material” and the 

other can name the same metadata as “material_used”. Although both metadata keys are referring to the 

same concept, it would be challenging to detect this since they have different titles.  

Data repositories allow an easy access to a large amount of published data for one’s own research. 

Visualization is a common practice to scan and analysis the data to find the related ones. In particular, 

data comparison via visualization is a vital practice in research projects and scientific approaches 

(Gleicher, Michael, et al., 2011). The reason for this, that there are many column data in CSV/XLSX 

format that researchers need to compare to identify the related data and perform knowledge exchange 

between different research project. To support visualization, CKAN has a feature that let users 

visualize one data resource. However, the process is completely manual and requires the researchers’ 

knowledge regarding the context of the data columns. Besides, the comparison between multiple 

column data resources is not supported. This is in particular notable in numeric-based data resources 

such as CSV files which researchers utilize to put different variables measurement data. The issue here 

is that the context of the variables (data columns) is not clear in a way that a machine (software) or a 

human could visually plot and compare them. For example, what would be the dependent and 

independent variables? To have a high-quality visual comparison, both human users and machines (in 

the case of auto-plotting) need to understand the data context. The inability of the metadata in CKAN 

to explain the data resources (files) context is an issue for data visualization in CKAN. Failing to 

recognize the content of a data column can interrupt the research activity chain due to human error and 

ambiguity. Also, it increases the need for human interaction which increases the research project’s 

time and effort. The metadata regarding the column data can be used to compare the data by 

visualization, enhancing the interoperability and re-usability concerning FAIR. 

Based on the described analysis of the current state above and with regard to the enhancement of data 

management systems in terms of the FAIR data principles, the following research questions have been 

derived, which will be addressed in the next sections of this paper: 

• How can research data be contextualized in an RDM system to enrich the data fairness 

concerning the FAIR data principles? 

• How can researchers be efficiently supported in their search for relevant research data and 

findings of other researchers? 

• How can researchers be efficiently supported in visual comparing of different data resources? 

4 ANNOTATING DATA TO ENSURE FAIR-DATA PRINCIPLES - USE-CASE 

CRC 

Both CRCs are from the domain of engineering sciences and have a similar organizational structure. 

The difference, besides the research questions and goals in the specific context of this work, lies in the 

definition of vocabulary for contextualized metadata. While in CRC 1368 the metadata "Material 

Combination, Atmosphere, Data Type, Surface Preparation and Analysis Method" is taken as the basis 

for further implementations in the RDM System, in CRC 1153 "Material Combination, production 

process" is used. General metadata, such as project number, project manager, organizational 

affiliation, etc. are of the same type for both projects. The contextual metadata mentioned above were 

identified together with the researchers of the subprojects in surveys and workshops. As an example, 
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the development and implementation of the plug-ins for metadata annotation to enable the RDM 

system in terms of enhanced FAIRness, representative for both CRCs, are presented below using the 

contextual metadata of CRC 1368. Table 1 shows the mentioned metadata with their description and 

their potential values in both CRCs. 

Table 1. CRC specific contextual metadata 

 

As mentioned, the CRC utilizes the CKAN data repository in its RDM system. CKAN’s core 

component is the dataset. For example, the search result in CKAN only contains the datasets that are 

matched with the search query. A dataset in CKAN is a group of data resources (files). A data resource 

can be any file format such as CSV, PNG image, PDF, etc. Moreover, CKAN has open-configurable 

interfaces (APIs), and also extensibility of the service via plugins and domain-specific vocabularies. 

Thus, the service can be extended with relevant tools to a specific domain that for example allow the 

run-ability of software codes (e.g. Jupyter notebooks) or the visualization of engineering research data 

(e.g. AutoCAD .dwg files or other data output and inputs from mechanical experiments and 

simulations). A visualization tool for example can be used to check data resources preview for their 

significance to one's research without the necessity to download to the researcher's local computer in 

advance, which is a time-consuming process. However, the auto- preview option for column-based 

data is not supported and needs to be carried out manually by the researcher.  

4.1 Annotating data resources with contextual metadata 

The goal of the approach is to increase the granularity of provided metadata by Domain-specific 

metadata and also increase usability via supporting the user by providing a data upload standard for 

the sake of name consistency and automated metadata extraction. To address the lack of context in the 

data resources, data resource level annotations are adopted to CKAN. The approach focuses on three 

aspects to increase the granularity and richness of metadata. The first aspect is aimed to extract 

metadata automatically and directly from a predefine metadata profile. This aspect saves researchers 

from manually entering the metadata on each data upload. Also, it eliminates the chance of user errors 

(for example, entering a wrong metadata name). This requires the collection of additional domain-

specific metadata based on the predefine metadata profile and controlled vocabulary. This aspect 

concerns the contextual metadata about a data resource in CKAN obtained from the experiment in the 

CRC project. Compared to the “key:value” metadata fields in CKAN, this approach guides the user 

and creates a consistency to name the metadata. Besides, vocabulary support provides a shared 

understanding of the data among researchers and sub-projects in CRC.  

The second aspect concerns the enrichment of data findability via enhancing the data repository search 

functionality. This aspect benefits from the extracted metadata from the predefine metadata profile to 

enable researchers to perform an advanced search based the contextual metadata to identify the related 

data resources. The third aspect is aimed to define X/Y-categories to the data columns in CSV/XLSX 

data resource formats. The idea is to make the data column understandable for the visualization purpose. 

In this regard, two annotations are used: X-category and Y-category. X-category indicates that the 

column is representing an independent variable (usually shown on the abscissa) and Y-category indicates 

that the column is representing a dependent variable (usually shown on a plot ordinate). The X/Y 

categories annotation help the researchers to visually compare several data resources by plotting these in 

one plot. Besides, it enables the machines (for example a CKAN plugin) to automatically plot the data 

that helps a researcher to quickly get insights from the target data resource. This also saves the 

researchers from downloading and plotting the data which is time/energy consuming. It is worth 

mentioning that CKAN provides a plotting tool to visualize one data resource. However, the process is 

completely manual that requires also a background regarding each column’s context.  

The mentioned annotations are critical in a research project since a researcher is not necessarily aware 

of other researchers’ data contexts. Using these annotations makes the column data self-explanatory 

reducing the need for writing extensive and long descriptions and also reducing the need for a human 

presence to clarify the data. 
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4.2 Implementation into the data repository  

To implement the data resource annotation, CSV/XLSX data formats are targeted. For automated 

processing of data files and metadata extraction, a common standard template for the column data is 

required. Therefore, a predefine metadata profile has been created and distributed among the 

researchers that they could use to enter both the numeric data for X/Y categories and set the mentioned 

metadata in the last section of this paper. Using the predefine metadata profile saves the researchers in 

CRC from annotating the data manually. Table 2 shows the predefine metadata profile template.  

Table 2. Predefine metadata profile for annotation in Project CRC 1368 

 

As part of the implementation, metadata is extracted and ingested into CKAN during the upload 

process. A CKAN plugin has been developed to achieve the goal. The plugin has two main functions. 

First, it extends the data resource metadata schema stored in the CKAN database. Second, it reads and 

extracts the metadata automatically and ingest them into CKAN. It is worth mentioning that it is also 

possible for researchers to manually enter the contextual metadata after data resource upload without 

using the predefine metadata profile in case they prefer not to use it. 

 

Figure 1. Implemented annotation extraction workflow in CKAN 

4.3 Features resulting from the data annotation 

The data resource annotation approach is used in two features in CKAN data repository: Search and 

Data Visualization. The main goal here is to enhance the data repository concerning the FAIR 

principle to support research project’s objectives. 

4.3.1 Enhanced findability and accessibility of data resources of interest via extended search 
functions  

For the first application, a CKAN plugin3 has been developed to enable users to search for datasets and 

data resources based on the extracted metadata profile explained in table 1. The plugin customizes the 

CKAN search template view and adds a drop-down menu to it where users can select the target 

metadata. After a user enters the search term and selects the target metadata, the plugin searches in the 

target metadata value among existing data resources. Finally, the plugin returns the search result to the 

user. The search result is a list of datasets whose data resource(s) match the entered search term for the 

specified contextual metadata. This way a researcher can further narrow down the result to increase 

the search precision.  

As mentioned in section 4, in CKAN, the search result contains the list of target datasets. In CRC 

projects, like many other research projects, datasets are usually comprised of a number of data 

resources. As a result, returning only the dataset list for the search result is problematic since the 

search target here is the data resource in the dataset. Therefore, the plugin also shows the matched data 

resources for each dataset in the result list. Listing the data resources in the search result saves the 

 
3 Search Plugin: https://github.com/TIBHannover/CKANext-sfb-search 
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researchers from opening the dataset page in CKAN to manually find the target data resource. Figure 2 

shows the design and workflow for the search plugin in CKAN.  

 

Figure 2. Design and workflow for the implemented search plugin in CKAN 

4.3.2 Data visualization and comparison based on metadata annotation 

The second plugin4 developed based on the provided annotation is the Data-Vis. The goal of the Data-

Vis plugin is to facilitate data visualization in CKAN by using column annotation in the metadata profile. 

As mentioned in section 4.2, the user who uploads the data (.csv/.xlsx) annotates the data column with 

X/Y categories. The Data-Vis plugin utilizes these annotations in two ways: Data preview and Data 

comparison. The goal here is also to improve the data repository concerning the FAIR principle by 

increasing the data understandability and readability via visualization for researchers. Users can benefit 

from the data preview feature in the plugin by opening a data resource page in CKAN. After they open 

the target page, the plugin checks the annotation existence for the data resource. If the annotation exists, 

then the plugin draws a plot for that data resource automatically. Compared to the CKAN standard data 

visualization which is manual, this approach benefits from the existing annotations, provided by the 

researchers who uploaded the data, to automatically plot the data preview without the researcher 

intervention. As a new feature for CKAN and data repositories, the Data-vis plugin also enables 

researchers to compare data resources via visualization. This saves the researchers from downloading a 

group of data resources and visualize them in extended applications. The data visual comparison acts as 

an enhanced description for a data resource that increases the data understandability and re-usability in 

research projects with respect to the FAIR principle. When a user opens a data resource page in CKAN, 

the plugin provides a button that he/she can use to enter the comparison space. In this space, the target 

data resource columns are already shown alongside an “import” button that users can utilize to import 

other column data (within the same dataset or from other datasets) to compare. Users can select the 

column for the x-axis with double clicks and y-axis with a single click for the comparison plot.  If the 

column data is annotated based on X/Y-categories, then the annotations get shown to users to inform 

about the context of the target columns (dependent or independent variable). Besides, if all imported 

column data resources are annotated, the users do not have to choose the X-axis and Y-axis variables 

from the data and can directly jump to the plot since the plugin knows what goes where by reading the 

annotation. The implementation design and usage workflow are shown on Figure 3. 

 

Figure 3. The implementation design and usage workflow for the data-vis plugin in CKAN.  

 
4 Data-Vis Plugin: https://github.com/TIBHannover/CKANext-data-comparison 
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5 USE-CASE WITHIN CRC 1368 

In this section, the above-described data annotation approach and the resulting new features of the 

repositories are demonstrated with a use-case of two subprojects of CRC 1368. Both sub-projects 

investigate surface roughness as related to various surface treatments in oxygen-free atmospheres from 

a different point of view. While one project is more application-oriented and focuses on the topic of 

roll bonding (Hordych et al., 2021), the other project is foundation-oriented in terms of surface effects 

(Raumel et al., 2021). In general, the comparison is often difficult and therefore of special interest. 

The values to be investigated are the normalized deoxidation time and the arithmetic mean surface 

roughness (Ra). From the perspective of one of the users the DataVis-tool can be utilized as following: 

Subproject 1 (SP1) performed tests with the material copper and obtained Ra over the deoxidation time 

(table 3). To have a certain arithmetic mean roughness value the samples were initially polished. The 

roughness values were measured by means of atomic force microscopy. Subsequently, deoxidation 

was performed by plasma. The data has been uploaded to the repository using table 2 as template.  

Table 3. Data resource of SP1: Plasmadeoxidation of copper samples 

 

For further viewing and comparison of similar data sets already existing in the system, the researcher 

can search after contextual metadata of interest. Thus, further data resources from subproject 2 (SP2) 

appear as shown in tables 4. Table 4 shows the roughness of mechanically deoxidised aluminium and 

copper samples. These were mechanically deoxidised in a grinding process. HNO3 and NaOH were 

used for the chemical surface preparation of copper and aluminium accordingly. For the surface 

roughness measurement, a confocal 3D laser scanning microscope was used in all data resources of 

SP2. 

Table 4. Data resources of SP2: Chemical deoxidation of aluminium and copper samples as 
well as mechanical deoxidation of aluminium. 

 

The obtained comparative graphs in CKAN for copper and aluminium samples at different surface 

preparations are shown in Figure 4. Comparing different possibilities of surface deoxidation offers the 

researcher insight into the surface characteristics and helps to identify relevant processing parameters 

for processes such as for example roll bonding where roughness is influencing the quality of a 

products bonding zone. Thus, the researcher quickly obtains a graphical comparison in the data 

repository and can identify previously unknown trends. Related research can be found and combined 

with one’s own research in order to increase the domain knowledge. 
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Figure 4. Roughness over deoxidationtime as results of different surface preparations for 
copper (a) and aluminium (b) samples.  

6 CONCLUSION AND FUTURE WORK 

Although data repositories are increasingly available to meet the requirements for providing FAIR 

data we have identified some shortcomings in the generation of comprehensive FAIR data and their 

searchability from a discipline-specific perspective. The need for contextual metadata has become 

evident during the implementation of data repositories in two CRC projects. While domain specific 

metadata enhances the FAIRness of data and enables improved searchability and therefore findability 

it adversely increases the time and efforts to provide these metadata. In this paper, we present an 

approach how to extend generic metadata with the contextual, discipline-specific metadata for CKAN 

data repository.  

To minimize researchers’ work to provide the extended metadata we have developed a CKAN plugin 

to support automated metadata extraction from data templates in CSV/XLSX format. The enriched 

metadata are in the following used by two developed plugins of the data repository to improve the 

precision of search and secondly to provide a data comparison and data visualization tool. Both 

features support the researcher in their efforts to find matching data in a large data pool and perform a 

first evaluation of their reusability. Benefits of the implementations are shown in the use cases of 

subprojects of a collaborative research centre. Future work will focus on extending contextual 

metadata to improve data visualization. With regards to linked data and knowledge graphs we will 

work on a DCAT application profile to include the discipline-specific metadata into the generation of 

RDF (Resource Description Framework). Furthermore, it could be investigated to what extent AI 

technologies may further reduce the user's involvement in metadata annotation in order to increase 

flexibility in data storage. For this purpose, the use of controlled vocabulary in the documentation for 

corresponding search engines and pattern recognition processes could be considered. 
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