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Abstract. We present an approach to document research data in a human and machine read-
able way by creating JSON-LD metadata files based on the m4i ontology. m4i is based on top 
level ontologies and reuses concepts of widely accepted ontologies to embed information mod-
elled in m4i in larger contexts like a knowledge graph connecting research data with projects, 
actors, methods, tools and publications. We use a real-life research example from the engi-
neering domain to show how to describe a research process with its object of research, the 
different steps with input and output data, the actors, and the used methods and tools. The 
resulting metadata files can serve as low-threshold documentation in a file system, as an ex-
change format between tools, as an input for data repositories and as a source of information 
to be used by scripts and tools. 
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1. Motivation

Metadata4Ing (m4i) is an ontology for a process-based description of research activities and 
their results, focusing on the provenance of both research data and material objects. In engi-
neering and many other disciplines, there is no standard yet to describe data sets in a fully 
semantic way. Reasons are the lack of knowledge on how to employ ontologies in everyday 
research and the lack of tools supporting this process. But a lot of engineers – especially in 
scientific computing – are used to handle data in JSON formats. Particularly suitable for that 
purpose is JSON-LD [1], a format that adds semantic information to normal JSON data in form 
of a so called context file. Through the semantic context, metadata in JSON-LD files are ma-
chine readable and actionable thanks to the exact semantic identification of classes and prop-
erties. At the same time, the files remain readable and manageable for humans, at least for 
humans used to handle structured data in a JSON format. We will demonstrate this approach 
using a real-life research example. 
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2. Metadata4Ing at a Glance

m4i is intended as a general process model that allows a flexible description of research ac-
tivities and their results  applicable to many disciplines. As depicted in Figure 1, m4i offers a 
selection of unambiguous well-documented terms for general concepts like processing steps, 
in- and output, employed methods and tools that allows modelling information about research 
processes and results in a structured, consistent and machine-actionable way. All the terms 
are available on the NFDI4Ing Terminology Service [2]. 

Figure 1: Core classes of m4i to describe scientific processes 

One of the main benefits of using m4i is that the resulting description is highly interop-
erable and allows integration of data from very different scientific disciplines into a single 
knowledge graph. m4i has a high degree of compatibility with well-known top-level ontologies 
by deriving the main classes from the Basic Formal Ontology (BFO) [3], schema.org [4], the 
PROV Ontology (PROV-O) [5] and the Data Catalog Vocabulary (DCAT) [6], which seamlessly 
embeds information modelled in m4i in larger contexts. This approach is a prerequisite for 
FAIR (meta)data [7], especially for their interoperability. 

An overview of m4i classes and properties is available at the ontology documentation 
[8]. The ontology code is developed at m4i's GitLab repository [9] where also its releases are 
published, proposals for further development in the form of issues can be made, or information 
how to contribute to m4i can be found. 

3. Modelling scientific processes with m4i

In the talk, we will use an example of a material examination by micro X-ray computed tomog-
raphy, to show how a research process can be modelled with m4i resulting in a JSON-LD 
metadata file.  
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3.1. Example setting 

In the example research process, a sample of a material (in this case asphalt concrete) is 
examined with an XRCT scanner. The whole process consists of four steps: 

1. preparation and positioning of the sample, and configuration of the parameters, 
2. data generation in form of the XRCT scan, 
3. image processing with the help of reconstruction algorithms and 
4. post processing of the data. 

The experimental setup, consisting of a holder for precise positioning of the sample, an X-
ray source and a detector, is described in detail by Ruf and Steeb [10]. A resulting dataset can 
be found in [11]. 

3.2. Easy application via human-readable metadata  

We will show how to create a machine-readable JSON-LD file that documents the example 
research process with its object of research, the different steps with input and output data, the 
actors, and the used methods and tools. A central element is the use of a context file, which 
gives the metadata the semantic context that clearly defines what exactly is meant by the 
information in the file, but allows to refer to classes, properties or instances via their human-
readable labels. That way, semantic modelling of scientific processes without deeper 
knowledge in ontologies and RDF becomes possible.  

The resulting metadata files can serve, for example, as low-threshold documentation / 
description in a file system, as an exchange format between electronic lab books and data 
sets, as an input for data repositories and as a source of information to be used by scripts and 
tools. 

This information is also available in a first steps guide [12] demonstrating this approach 
for people with an IT affinity, e.g. application developers, research software engineers, data 
stewards, and tech-savvy domain experts. 

4. Conclusion 

Advantages of documenting research data with m4i comprise that it contributes to the imple-
mentation of good scientific practice [13], makes use of consistent metadata when searching 
for, analysing or otherwise using the data, and benefits collaborative work. RDF metadata can 
be stored as JSON-LD [1], together with the research data or code it describes. This format 
offers semantically enriched information that is understandable by humans and machines. In 
addition, a machine-actionable documentation of the data also facilitates publishing or archiv-
ing data in data repositories in a citable way. Depending on the functionalities of a data repos-
itory, the metadata contained can be used to automatically create or update a dataset. Another 
benefit of semantic enrichment of data sets arises when included in a global knowledge graph. 
The structure of m4i allows to describe and connect datasets, persons, projects, methods and 
tools and therefore supports complex search queries, improving the retrieval of information, 
especially as data pools continue to grow and connect. With the first steps guide, we aim both 
at researchers who want to describe their research data in a sustainable way that makes use 
in a knowledge graph possible, but also at the developers of tools that embed the documenta-
tion of research processes and results in the scientific workflow.  
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Data availability statement 

The ontology m4i is available on the NFDI4Ing Terminology Service https://terminol-
ogy.tib.eu/ts/ontologies/m4i and is published together with documentation, examples and 
guides on: 

S. Arndt, B. Farnbacher, M. Fuhrmans, S. Hachinger, J. Hickmann, N. Hoppe, M. T. Horsch, 
D. Iglezakis, A. Karmacharya, G. Lanza, S. Leimer, J. Munke, Johannes, D. Terzijska, J. Theis-
sen-Lipp, C. Wiljes, & J. Windeck (2022). "Metadata4Ing: An ontology for describing the gen-
eration of research data within a scientific activity". (1.1.0). Zenodo. https://doi.org/10.5281/ze-
nodo.7706017 

Underlying and related material 

The documentation of m4i is available under: 

https://w3id.org/nfdi4ing/metadata4ing/ 

The context file of m4i is available under: 

https://w3id.org/nfdi4ing/metadata4ing/m4i_context.jsonld 

The first steps guide is available under: 

https://git.rwth-aachen.de/nfdi4ing/metadata4ing/metadata4ing/-/blob/1.1.0/training/first-
steps-guide.md 
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