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Abstract. Decision-making in healthcare is heavily reliant on data that is findable, 

accessible, interoperable and reusable (FAIR). Evolving advancements in genomics 
also heavily rely on FAIR data to steer reliable research for the future. For practical 

purposes, ensuring FAIRness of a clinical data set can be challenging but could be 

aided by using FAIR validators. The study describes the test of two open-access 
web-tools in their demo versions to determine the FAIR levels of three submitted 

genomic data files with different formats (JSON, TXT, CSV). The F-UJI tool and 

FAIR-Checker tools provided similar FAIR scores for the three submitted files. 
However, the F-UJI tool assigned a total rating whereas the FAIR-Checker gave 

scores clustered by FAIR principles. Neither tool was suited to determine FAIR 

levels of a FHIR® JSON metadata file. Despite their early developmental status, 
FAIR validator tools have great potential to assist clinicians in the FAIRification of 

their research data.  
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1. Introduction 

Prevention, diagnosis and treatment of health conditions require data – from clinical 

exams, laboratory tests as well as from research. Healthcare data also increasingly details 

genomic information detected by sequencing a patient’s biological sample.  

The value of this health data depends on characteristics of data described by the FAIR 

principles; data must be findable, accessible, interoperable and reusable [1]. 

 FAIRness of data is an objective stipulated on an institutional level by the European 

Commission [2]. The proposed European Health Data Space will be a significant use 

case for the development and exchange of FAIR healthcare data. On a practical level, 

clinicians and researchers need validation tools to assess the FAIRness of their data. This 

study describes our experiences in using the demo versions of two web-based tools, F-

UJI and the FAIR-Checker, to assess the FAIRness of three publicly available open-

access data files that comprised genomic data, present in different file formats (JSON, 

TXT, CSV). 
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2. Methods 

A literature search in order to identify available FAIR data validation tools led us to the 

FAIRassist website which is being developed to provide guidance on the available 

resources for FAIR data sharing [3] and has identified 19 available resources to assess 

FAIR data. Out of the 19 resources, we selected two tools which provided demo 

versions and documentation for testing preselected data.  

The FAIRness of the preselected three data files was manually assessed before 

submitting them for testing. On November 24th of 2022, we submitted the URLs of: 

� the ‘Genetic variant assessment’ BRAF example (FHIR® JSON file, developed 

by the German Medical Informatics Initiative, short MII) [4],   

� SNP in the BRCA gene example (TXT file, NCI GDC Data Portal) [5] and  

� the METABRIC dataset (CSV file, available on Kaggle) [6] 

one after the other to the automated FAIR data assessment tool F-UJI [7] and the 

FAIR-Checker [8].  

The Genetic variant assessment example was developed by partners in the MII to 

create an interoperable, FHIR®-based genomics report for Germany. The JSON-file is 

an example Observation resource, providing details on a detected variant in the BRAF 

gene, coded using standard terminologies. We expected this file to be assessed by the 

tools as meeting all four FAIR principles. Secondly, we chose to test a TXT-file on single 

nucleotide polymorphisms (SNP) in the BRCA gene, publicly available on the National 

Cancer Institute’s (NCI) GDC Data Portal which we expected to also meet the FAIR 

principles of accessibility and findability but score lower on interoperability due to a lack 

of syntactical and semantic standards used. The third test was performed using the Breast 

Cancer Gene Expression Profiles (METABRIC) CSV-file that we believed would show 

intermediate FAIRness. 

3. Results 

Table 1 summarizes the key technical features of both FAIR tools which were available 

as automated web services. 

Table 1. Overview of the features of the two tested FAIR validation tools. 

F-UJI FAIR-Checker 
Aim: Evaluate FAIRness of research data objects 

contained in data sets  

How it works: 

For each FAIR principle, the FAIRSFAIR 
consortium defined one or more metrics and practical 

tests to evaluate a data set against. These metrics make 

up a hierarchical model used for the assessment which 
was created in an iterative process with feedback 

loops.  

The tool is available as a web demo, R client 
package and open-source web client [7]. 

Aim: Check FAIRness of web resources (web 
pages) 

How it works: 

1. Extraction of semantic annotations from web page 
to form ‘minimal knowledge graph’  

2. Datacite, OpenAire and WikiData used to complete 

the graph 
3. Check to see if Linked Open Vocabularies, 

Ontology Lookup Services or Bioportal recognize 

graph’s properties and classes 
4. Validation of web page metadata against 

Bioschema’s community profiles [8] 
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3.1. F-UJI 

The FAIR assessment performed based on the submission of all three data files’ URLs 

by F-UJI led to the following results: 

� Genetic variant assessment example (JSON) – 14% 

For the genetic variant assessment example file, the F-UJI tool calculated a FAIR 

level of ‘initial’; scoring highest in terms of findability with 2.5/7, 1/3 in terms of 

accessibility, interoperability scored 0/4, deeming it to be ‘incomplete’, and ‘initial’ for 

reusability, scoring 0/10. 

� SNP example (TXT) - 4% FAIR 

F-UJI assessed the FAIR level of the SNP example file as ‘initial’, providing a 1/7 

score for findability, 0/3 for accessibility, 0/4 for interoperability and 0/10 for reusability. 

The tool recognized that the data file was assigned a globally unique identifier, however 

no other characteristics were detected. 

� METABRIC file (CSV) - 56% FAIR 

The METABRIC file received a FAIR level of ‘moderate’ in terms of findability 

(score: 3.5/7). Accessibility and interoperability were assessed as ‘advanced’, scoring 

3/3 and 3/4 respectively.  Reusability scored 4/10, leading to a level of ‘initial’. 

The reasoning provided for calculating ‘initial’ FAIR scores for the first two tested 

files were, among others, due to not detecting: persistent data content identifiers, RDF-

compliant structured metadata, license information and links to semantic vocabularies. 

3.2. FAIR-Checker 

The results of the assessment performed using the FAIR-Checker are shown in Table 2. 

Table 2. Results of the assessment performed on three example files using the FAIR-Checker tool. 

Assessment criteria Genetic variant 
assessment example 

(JSON) 

SNP example (TXT) METABRIC file (CSV) 

Findability 

Principle F1A 
                 F1B 

                 F2A 

                        F2B   

25% 

success 
failure 

failure 

       failure 

25% 

success 
failure 

failure 

       failure 

100% 

success 
success 

success 

       success 
Accessibility 

       Principle A1.1 

100% 

      success 

100% 

      success 

100% 

      success 

Interoperability 
Principle   I1 

                 I2 

                        I3 

0% 
failure 

failure 

       failure 

0% 
failure 

failure 

       failure 

100% 
success 

success 

       success 

Reusability 

Principle  R1.1 

                 R1.2 
                        R1.3 

0% 

failure 

failure 

       failure 

0% 

failure 

failure 

       failure 

66.77% 

success 

success 
       failure 

The main reasons provided for a 0% score for interoperability and reusability was 

that the FAIR-Checker did not detect persistent identifiers, RDF-compliant metadata, as 

well as license and provenance information in the submitted files. 
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3.3. User experience 

Both tools were simple to use and only required the posting of the example data’s URL 

for assessment. A definition of the expected or acceptable format(s) (tabular, structured 

or text, etc.) of the submitted data was not provided. While in their usability and 

performance very similar, the FAIR-Checker tool does not calculate an overall score. 

4. Discussion 

F-UJI  rated the Genetic variant assessment example file as low (‘initial’) in level of 

FAIRness contrary to our expectations. Consequently, in its current version, the tool 

should not be used to determine the level of FAIRness of FHIR resources. The SNP file 

was also rated ‘initial’ in FAIRness, with a score of 4% which was lower than expected 

but more closely matched our expectations. The third file received the highest rating 

within the test, it was deemed moderately FAIR. Overall, the F-UJI tool was able to 

detect characteristics specific to all four FAIRness principles in the submitted files. 

Like the F-UJI tool, the FAIR-Checker assigned a lower rating of FAIRness to the 

Genetic variant assessment and the SNP example files and the METABRIC file received 

a 100% score in three out of four categories. The tests highlight that using RDF-

compliant metadata as well as providing license and provenance information within the 

metadata is crucial to ensure data is reusable and interoperable. 

The results of the FAIR tests we performed with three selected files using the F-UJI 

and FAIR-Checker tools are only indicative of the true potential of these tools since both 

are still in development and demo versions were used.  

It would be useful if the developers provided guidance on the expected data formats on 

the tool’s submission page for both tools tested. Also, facilitating FAIRness of genomic 

data could be assisted if the tools were compatible with genomic file formats (e.g., VCF, 

RDF) and able to conduct FAIR assessments for those. Especially since the Global 

Alliance for Genomics and Health (GA4GH)’s phenopackets schema is being further 

developed to improve FAIRness of genomic data [11]. 

5. Conclusions 

Our test of two FAIR validation tools using three genomic data files led to three key 

insights: firstly, the output of the tools differed and was in both cases dependent on the 

submitted file format. Only one of the tools provided an aggregate FAIR score, although 

both tools recorded scores for each FAIR principle. Secondly, the tools are not apt for 

testing the FAIRness of metadata such as FHIR JSON files. Lastly, to facilitate the 

integration of genomic data into healthcare decision-making, FAIR tools need to be 

compatible with genomic data specific file formats.  

We expect that the availability of reliable FAIR assessment tools and guidelines for 

establishing FAIR data in their production version will be crucial to support international 

initiatives such as the development of the European Health Data Space (EHDS). These 

resources facilitate the fast exchange of health data, including genomic data to improve 

patient care. 
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