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Abstract. The FAIR Principles are supported by various initiatives in the biomed-
ical community. However, little is known about the knowledge and efforts of indi-
vidual clinical researchers regarding data FAIRification. We distributed an online
questionnaire to researchers from six Dutch University Medical Centers, as well as
researchers using an Electronic Data Capture platform, to gain insight into their un-
derstanding of and experience with data FAIRification. 164 researchers completed
the questionnaire. 64.0% of them had heard of the FAIR Principles. 62.8% of the re-
searchers spent some or a lot of effort to achieve any aspect of FAIR and 11.0% ad-
dressed all aspects. Most researchers were unaware of the Principles’ emphasis on
both human- and machine-readability, as their FAIRification efforts were primarily
focused on achieving human-readability (93.9%), rather than machine-readability
(31.2%). In order to make machine-readable, FAIR data a reality, researchers re-
quire proper training, support, and tools to help them understand the importance of
data FAIRification and guide them through the FAIRification process.
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1. Introduction

In order to improve and support the reuse of scholarly output, a multidisciplinary group
of researchers published the fifteen FAIR Guiding Principles for scientific data man-
agement and stewardship in 2016, stating that scholarly output should be Findable, Ac-
cessible, Interoperable, and Reusable, both for machines and for people [1]. The paper
describing the Principles explicitly emphasizes FAIRness for machines, and in another
publication, Mons et al. reiterate that “FAIR is not just about humans being able to find,
access, reformat and finally reuse data”. Researchers are increasingly required, either by
their institutions or funders, to FAIRify their data (i.e., to make their data more FAIR).
However, FAIR provides guidance for research data management and is not a standard
[2], hence researchers need to interpret the Principles for their use case and make imple-
mentation choices accordingly [3].

Within the biomedical community, there are various initiatives that endorse the Prin-
ciples and aim to develop guidance and tools for researchers [4]. Sinachi et al., for ex-
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ample, developed a FAIRification workflow specific to health research [5]. Practical ex-
amples of the implementation of the FAIR Principles include the collection of linked,
human- and machine-readable data of COVID-19 patients [6] and rare disease patients
[7,8] and the reuse of such machine-readable data to perform distributed analyses [9].
Despite these initiatives, little is known about the knowledge and efforts of individual re-
searchers regarding data FAIRification. Therefore, we sought to gain insight into clinical
researchers’ understanding of and experience with data FAIRification.

2. Methods

An online English questionnaire was developed [10]. In the questionnaire, researchers
were asked to report if they were familiar with the FAIR Principles, if they knew the
meaning of each of the letters of FAIR (Findability, Accessibility, Interoperability, and
Reusability), and if they could describe what each aspect of FAIR entailed. In addition,
they were asked to rank (no effort, very little effort, some effort, a lot of effort) and
describe their current efforts for making data more FAIR. Clinical researchers were in-
vited by email by Research Data Management departments in five out of the seven Dutch
University Medical Centers (UMCs). PhD student associations of three UMCs sent out
invitation emails to their members. In addition, users of Electronic Data Capture (EDC)
platform Castor EDC [11] received an invitation via an popup in the platform. The invi-
tation did not include any mention of FAIR, to ensure that potential participants that did
not know about FAIR were also included. Researchers were eligible to participate in our
study if they were setting up databases for clinical research. Consent of respondents was
required before the questionnaire could be opened. Data were collected in Castor EDC
[11] between November 27, 2020, and February 27, 2021. Statistical analyses were per-
formed using R (version 4.0.2) [12]. Questionnaires with complete answers to mandatory
questions were included in the analysis. Free-text answers given by researchers describ-
ing their interpretation of the FAIR Principles and their FAIRification efforts were as-
sessed by two medical informaticians (MK, PvD). We assessed whether the descriptions
of the Principles were related to human or machine readability. The FAIRification efforts
were divided into categories by way of induction, and the contribution of each category
to human and machine readability was evaluated.

3. Results

A total of 164 researchers completed the questionnaire. Demographics can be found at
[10]. 51.2% (n = 84) opened the questionnaire via an invitation in a UMC and 48.8% (n
= 80) did so via the popup in the EDC system. The majority (87.2%, n = 143) worked in
a UMC and was a PhD candidate (84.8%, n = 139). 64.0% (n = 105) of all researchers
had heard of the FAIR Principles, 45.1% (n = 74) claimed to know what the Princi-
ples entailed, and 56.1% (n = 72) claimed to know the meaning of at least one of the
letters in FAIR (Findable, Accessible, Interoperable, and Reusable). Not all researchers
that claimed to know the meaning of one or more of the letters, gave a correct meaning
(Figure 1.1). Findable was the aspect that was understood best, followed by Accessi-
ble, Reusable, and Interoperable. The minority of the descriptions of the Principles and
aspects given by researchers were related to machine-readability (Figure 1.2).
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After explaining the Principles to the researchers, 81.1% (n = 133) of them stated that
they have spent at least very little effort to make their data more Findable, Accessible,
Interoperable, or Reusable (any aspect of FAIR). For all aspects of FAIR, this was 25.6%
(n = 42). 62.8% (n = 103) of the researchers spent some or a lot of effort to achieve any
aspect of FAIR. For all aspects this was 11.0% (n = 18).
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Figure 1. Researchers’ knowledge and descriptions of the individual FAIR aspects

88.0% (n = 117) of the researchers that spent at least very little effort in making their
data FAIR provided a description of their FAIRification efforts. An overview of the most
common reported efforts is listed in Table 1. Of all mentioned efforts (N = 231), 93.9%
(n = 217) focused on human-readability (e.g., using a data dictionary or using social me-
dia to share research outputs) and 31.2% (n = 72) focused on machine-readability (e.g.,
submitting data and metadata to a data repository or using standardized terminologies).

Table 1. Efforts to make data more FAIR, as reported by researchers

F A I R Total
N = 72 N = 84 N = 64 N = 78 N = 117

n (%) n (%) n (%) n (%) n (%)

Standardize data collection 5 6.9 1 1.2 23 35.9 12 15.4 41 35.0
Add dataset descriptions 5 6.9 6 7.1 4 6.3 17 21.8 32 27.4
Using a shared drive 2 2.8 19 22.6 0 0.0 1 1.3 22 18.8
Using a data capture system / EMR 6 8.3 9 10.7 4 6.3 2 2.6 21 17.9
Deposit data in a data archive 6 8.3 12 14.3 1 1.6 0 0.0 19 16.2
Create study protocol and register study 7 9.7 1 1.2 4 6.3 4 5.1 16 13.7
Provide data availability/access statement 8 11.1 6 7.1 0 0.0 1 1.3 15 12.8
Standardized file management 11 15.3 2 2.4 0 0.0 0 0.0 13 11.1
Add data as supplementary material 5 6.9 3 3.6 0 0.0 1 1.3 9 7.7
Storing data in a database 2 2.8 4 4.8 2 3.1 1 1.3 9 7.7
Use social media 5 6.9 2 2.4 0 0.0 1 1.3 8 6.8
Add documentation 1 1.4 0 0.0 0 0.0 6 7.7 7 6.0
Using a Data Management Plan 3 4.2 1 1.2 1 1.6 1 1.3 6 5.1

This table does not include efforts reported by less than 5% of the researchers.
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4. Discussion

In this study, we conducted an online questionnaire to gain insights into clinical re-
searchers’ understanding of the FAIR Principles and their FAIRification experiences. We
found that 64.0% (n = 105) of the researchers have heard of the Principles and that 62.8%
(n = 103) of all researchers spent at least some effort to achieve to achieve any aspect of
FAIR, and 11.0% (n = 18) regarding all aspects.

A strength of our study is that we invited researchers via an EDC platform and
via UMCs, ensuring that we included researchers who were responsible for data man-
agement, and thus FAIRification. Moreover, we made certain that our invitation did not
mention FAIR, in order to recruit both researchers who were and were not familiar with
the Principles. Unfortunately, we were unable to verify the background of the respon-
dents, because potential respondents were not directly invited by the research team to
comply with the General Data Protection Regulation. Lastly, partially filled-in question-
naires were excluded from the analysis, which could have introduced selection bias, for
researchers who were unaware of FAIR could have stopped filling in the questionnaire.

The definition of the Principles and meaning of the individual letters of FAIR were
known only by a minority of the researchers participating in our study and only a small
amount of researchers spent effort to achieve FAIRness. Moreover, it is still unclear to
researchers which efforts contribute to which aspect of FAIR. For example, using a data
capture system to collect data does not specifically mean that the data collected in that
system are more Findable (F), Accessible (A), or Interoperable (I) with data collected in
other systems. The same applies to the use of standardized variable names for collecting
data, where free-text variable names do not specifically make data more Interoperable (I)
for machines. This indicates the need for simple, easy-to-follow explanations of what the
Principles mean in practice and how they affect the (daily) work of clinical researchers.
Specifically, researchers should receive training and guidance to help them understand
which steps they should take to make their data more FAIR and how these steps are
related to the individual aspects of the FAIR Principles. A first step toward achieving this
is to ensure that there is convergence on FAIR implementations in the healthcare domain.
Community-specific FAIR Implementation Profiles [13] can drive this convergence.

Most descriptions of researchers focused on human-readability, rather than machine-
readability, and only a minority of the researchers focused on achieving machine-
readability. This might be due to the fact that the current workflows mentioned in the
literature and software available to make (meta)data machine-readable require a signifi-
cant amount of background knowledge (e.g., knowledge of data modeling, terminology
systems, or metadata schemes). Researchers should move away from the use of such
“professorware” and turn to sustainable systems [14]: professional products and services
that support them in the creation and use of FAIR data [15]. To ensure that the systems
are integrated into the researchers’ existing working processes, research software ven-
dors should develop these systems in collaboration with researchers and research support
staff, and integrate them with systems that are currently used.

5. Conclusion

A large number of clinical researchers is currently unaware of the definition of the FAIR
Principles and their emphasis on both human- and machine-readability. Researchers are
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undertaking efforts to make their data more FAIR, but their focus is primarily on human-
readability, rather than machine-readability. In order to make machine-readable, FAIR
data a reality, researchers need proper training, support, and tools to help them under-
stand the importance of data FAIRification and guide them through the FAIRification
process.
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tation Profiles as Accelerators of FAIR Convergence. In: Lecture Notes in Computer Science.
Springer International Publishing; 2020. p. 138–147. Available from: https://doi.org/10.1007/
978-3-030-65847-2_13.

[14] Mons B. Data Stewardship for Open Science. Chapman and Hall/CRC; 2018. Available from: https:
//doi.org/10.1201/9781315380711.

[15] van Vlijmen H, Mons A, Waalkens A, Franke W, Baak A, Ruiter G, et al. The Need of Industry to Go
FAIR. Data Intelligence. 2020 Jan;2(1-2):276–284. Available from: https://doi.org/10.1162/
dint_a_00050.

M.G. Kersloot et al. / FAIRification Efforts of Clinical Researchers 39

https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.3233/ISU-170824
https://doi.org/10.1162/dint_r_00024
https://doi.org/10.1162/dint_r_00024
https://doi.org/10.1007/978-3-030-46970-2_22
https://doi.org/10.1007/978-3-030-46970-2_22
https://doi.org/10.1055/s-0040-1713684
https://doi.org/10.1002/ggn2.10050
https://doi.org/10.3233/978-1-61499-896-9-209
https://doi.org/10.3233/978-1-61499-896-9-209
https://doi.org/10.1186/s13023-021-02004-y
https://doi.org/10.1162/dint_a_00032
https://doi.org/10.6084/m9.figshare.c.5617396.v1
https://doi.org/10.6084/m9.figshare.c.5617396.v1
https://www.castoredc.com
https://www.R-project.org/
https://doi.org/10.1007/978-3-030-65847-2_13
https://doi.org/10.1007/978-3-030-65847-2_13
https://doi.org/10.1201/9781315380711
https://doi.org/10.1201/9781315380711
https://doi.org/10.1162/dint_a_00050
https://doi.org/10.1162/dint_a_00050

