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1. Often a global scale
2. May only be
collected once
in real-time
3. Enduring value
(in perpetuity)
4. Verify results
5. New research via re-use
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Science is re-use of data
§ Re-use of any data not collected by an individual, or
a trusted colleague, or a research team member
requires acquiring data from other sources without
human interaction or assistance.
§ Once found and accessed, for analyses data also
needs to be interoperable with existing data types
and formats used in the domain.
§ In most sciences, but especially the disciplines
discussed in this study—oceanography, geology, and
hydrology—to perform research at a global scale
requires sharing earth science data across
organizations, institutions, agencies, and countries.
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FAIR Data Principles
§ FAIR represents a concise, domain-independent,
high-level set of data principles that may be
applicable in a number of areas and cater to
answering the questions both humans and
machines will have while discovering and
evaluating data prior to use (Wilkinson et al.,
2016).
– Findable
– Accessible
– Interoperable
– Re-usable

§ WDS/RDA Assessment of Data Fitness for Use
WG

Background on FAIR
§ FAIR separates itself in adoption and appeal from prior
work in at least two ways—simplicity and re-emphasis on
the role of machines in the research enterprise
(Wilkinson et al., 2016).
§ The FAIR acronym has gained popularity and application
in a variety of domains including biology, life science,
plant science, environmental science, and other dataintensive sciences, with the original FAIR Data Principles
publication now cited over 800 times.
§ With the expanding scope, growing scale, and quickening
rate of data creation, science data must be machineactionable to unlock discoveries through analyses that
are not possible through researchers’ contributions alone
given the limited capacity of human processing power.
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To be
findable:

F1. (meta)data are assigned a globally unique and eternally persistent identifier.
F2. data are described with rich metadata.
F3. (meta)data are registered or indexed in a searchable resource.
F4. metadata specify the data identifier.

To be
accessible:

A1. (meta)data are retrievable by their identifier using a standardized
communications protocol.
A1.1 the protocol is open, free, and universally implementable.
A1.2 the protocol allows for an authentication and authorization procedure,
where necessary.
A2 metadata are accessible, even when the data are no longer available.

To be
I1. (meta)data use a formal, accessible, shared, and broadly applicable language
interoperable: for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles.
I3. (meta)data include qualified references to other (meta)data.
To be reusable:

R1. meta(data) have a plurality of accurate and relevant attributes.
R1.1. (meta)data are released with a clear and accessible data usage license.
R1.2. (meta)data are associated with their provenance.
R1.3. (meta)data meet domain-relevant community standards.
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Beyond FAI… R? = Fitness for use
§ To determine suitability for a particular application
or purpose a user must know details about the data,
including data quality, scale, interoperability, cost,
metadata, syntactic and semantic heterogeneity, and
others (Chrisman, 1984; Veregin, 1999).
§ “These properties are multifaceted and cover various
aspects related to data objects, access services, and
data management processes such as the level of
annotation, curation, peer review, and citability or
machine readability of datasets” (RDA WG site).
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Assessing fitness for use
§ A framework with the most vital facets of fitness
for use from a re-user’s perspective could outline
considerations for the functionality and design of
data/metadata, and also the tools used to locate,
access, and re-use.
§ Operationalizing re-use is required and one way
this can be done is speaking with actual re-users.
§ The purpose of this work is to better understand
how re-users discover and evaluate data.
§ This perspective likely differs from other aspects
that make data “curatable.”
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Critical Incident Technique
§ In this study, participants were asked to think about
a recent search for data and then interviewed with
questions related to the FAIR data principles to
determine how the data was discovered and
evaluated for use.
§ This required operationalizing the FAIR data
principles related to findability, accessibility,
interoperability, and re-usability from a consumer’s
perspective.
§ Each data principle addresses many different
questions a re-users of data would ask in order to
determine fitness for use.
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Recruitment
§ Participants were recruited by contacting re-users of
data in the Coastal and Marine Geology Program at
two U.S. Geological Survey (USGS) Coastal and
Marine Science Centers (Pacific and Woods Hole).
§ Additional participants were discovered through
snowball sampling as other seafloor geologists were
interested in sharing their experience discovering
and evaluating data.
– NOAA-Marine (10)
– NOAA-Seismic reflection (5)
– USGS-Aggregators (7)
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Method
§ Twenty-two phone interviews were conducted with
various oceanographers/geologists/in-land water reusers of data over a three-month period based on
participant availability.
§ The twenty-two completed interviews were recorded
and transcribed.
§ The transcriptions were analyzed using NVivo.
§ Grounded theory application of open, axial, and
selective coding generated the following categories
and broad themes across responses to the questions.
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Job-related findings
1. What is your current job title?
2. How many years in total have you been working in
your current job?
3. How many years in total have you been working
with earth science data?
4. Describe your work setting?
5. Please indicate your credentials and degrees.
6. Please provide any other educational or training
you have received that is applicable to performing
your job.
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What is your current job title?
• The twenty-two participants provided job titles that
reflect their science roles more than the data driving that
science, but some job titles emphasized the data portions
of these jobs.
• USGS:
• Physical Scientist (2); Fishery Biologist; Deputy Center Director;
Spatial Analyst; Data Management Specialist; and Database GIS
Specialist.

• Oceanographers:
• Oceanographer/Research Oceanographer (5); Metadata
Management Architect; Deputy Regional Manager; Geologist;
and Scientific Programmer.

• Seismic reflection geologists:
• Geophysicist/Research Geophysicist/Geologist (3); and
Assistant Professor (2) (both in Geology).
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Years in current job and working with
earth science data
• Participants’ time in their current positions varied
from half a year to 31 years, with about 13 years
being the average.
• The average years spent working with science data,
including all time in higher education, was almost 22
years.
• These self-reported years working in science or their
current jobs were not precise, but the durations
reported demonstrate very experienced scientists.
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Work Setting
§ Although some scientists referred to field work, such as
boats, cameras, and field sensors, but the majority of
every respondent’s description of work settings refereed
to the hardware and software to analyze science data.
§ The scientists referred to their hardware as “heavy duty
processing machines” (15) and all types of computers,
from laptops to clusters that access high performance
computing via their institution or the Amazon cloud, to
conduct simulations and run models.
§ The most mentioned “tools” mentioned were:
– ArcGIS (8); MATLAB (6); Python (5); and R (2).

§ “There’s a lot of software we use that’s more homegrown”
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Education and Training
§ Eleven participants had PhDs (Oceanography (2),
Geophysics (2), Geosciences, Marine Sciences, Biology,
Civil Engineering, Aerospace Engineering, Coastal
Engineering, and Astrophysics).
§ The other eleven participants highest level of education
were master’s degrees in Oceanography, Geology,
Geography (2), Geophysics, Fisheries and Wildlife (2),
Marine Resource Management, Zoology, Science, and
Art.
§ Most of the participants stated they were “self-taught”
and learned new skills “on the job” (e.g., one participant
mentioned “I learn all the time from YouTube”).
§ A few participants gave specific examples of formal
training the received on MATLAB workshops (3), ESRI
online certificates (3), and Python (2).
15

Planned Analyses
§ The interview questions were derived from the
FAIR data principles
(https://www.force11.org/group/fairgroup/fai
rprinciples)
§ Bishop, B. W. & Hank, C. F. (2018). Measuring
FAIR Principles to Inform Fitness for Use.
International Digital Curation Conference,
February 2018, Barcelona, ES. [Best Paper]
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Critical incident prompt
§ Think of a recent search for data (or more).
The following questions will determine how
you discovered and evaluated that data for
fitness for use.
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Findability Findings
7. How did you find the data?
8. Did the data have a persistent identifier (i.e., a
long-lasting unique reference to an objects
location) (e.g., DOI; PURL)?
9. Did the data have metadata?
10. Did the metadata help you locate the data?

To be
findable:

F1. (meta)data are assigned a globally unique and eternally persistent identifier.
F2. data are described with rich metadata.
F3. (meta)data are registered or indexed in a searchable resource.
F4. metadata specify the data identifier.
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7. How did you find the data?
§ 20-Known-item search to trusted sources
– “US Geological Survey maintains these sites and let me
look up what they’re URL is”

§ 11-Googling
§ 4-Normal search “broad brush search using
keywords”
§ 4-bookmarked
§ 7-known-location searching
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Trusted source
Known-item searching
• “certain places I can look at that NOAA, USGS, mostly
because I know that they are going to be high quality
data” (000)
• “I was looking for specific information about waterfalls
across the nation” (005)
• “a lot on the integrated ocean observing system. Portals
from different regions of the country” (009)
• “typically I’d be looking for government endorsed or
some sort of published information”(004)
Known-location searching
• “I zoomed in on the area of interest and found a gauge
that was close to my site and clicked on it” (002)
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Googled it
Googling occurs for both known and unknown
• “I start in Google and see…‘shoreline,’ ‘GIS,’ and
‘download’ those three keywords and see what
comes up”(006)
• “A variety of keywords and once I found something
that was going to work, continuing to look through
that” (005)
• “I just Googled IOOS DMAC and the first thing that
comes up is their data site” (009)
Authority
• “would look at universities, I would look at other
agencies’ databases, I would look at theses and
dissertations” (005)
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8. Did the data have a persistent identifier?
§ 11-yes “The US federal stuff, there’s been a lot of
requirements for data releases to have persistent
identifiers attached to them” (010)
§ 7-no “No. [laugh] That was one of the worst parts of
using that data.” (004)
§ 2-not at an item level “archive itself has a DOI” (021)
§ 4-not sure “I find that the URL that once had a ‘get
data’ link is no longer there” (009)
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9. Did the data have metadata?
§ 14-yes “Yes. NOAA is good about that” (006) “that’s
part of the requirement” (015)
§ 4-no “Often times you’re gleaning what you can from
the webpage where they’re posted” (007)
§ 2- yes and no “we are assigning DOIs but we haven’t
assigned it to everything yet” (003) also state and
Canadian data did not have metadata
§ 2- not sure “Probably” (013)
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10. Did the metadata help you locate the data?
§ 7-yes metadata did help
– “Yes, of course the metadata was used when it was
ingested into data.gov and that’s what allowed me to find
it through the search interface that data.gov provides”
(001)

§ 16-no metadata did not help
– “It doesn’t help me locate it, no. It does help me a bit
understand it. I’m not too good at mining data and I
haven’t done a lot of it in recent years” (009)
– [So, just to close off the findability section, you
found the data by using keywords?] Yep. [And
then the metadata was not what helped you
locate the data?] Correct. (006)
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Easily findable example
“Environmental Research Division Data Access
Protocol (ERDDAP). It just happens to have been a
system that was developed out on the west coast that
the country has taken on in the last few years as a way
to serve data. So, I post my data in the system so
anybody can get my data and I also grab others, and
it’s a very nice system.” (009)
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Accessibility Findings
11. How did you access the data?
12. Was the data in an open format (e.g., Public
Domain, Attribution License, and so forth)?
13. Was the data free?
14. Did the data have use constraints (e.g., limitations
of use)?
15. Was the metadata accessible?
To be
accessible

A1. (meta)data are retrievable by their identifier using a standardized
communications protocol.
A1.1 the protocol is open, free, and universally implementable.
A1.2 the protocol allows for an authentication and authorization procedure,
where necessary.
A2 metadata are accessible, even when the data are no longer available.
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Interoperability Findings
16. Was the data in a useable format?
17. How was the data encoded?
18. Was it using encoding common to other data used
in your research (i.e., same format)?
19. Was the data using shared a controlled
vocabularies, or a data dictionaries, and/or other
common ontologies?
20. Was the data machine-actionable (e.g., to be
processed without humans)?
To be
I1. (meta)data use a formal, accessible, shared, and broadly applicable
interoperable language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles.
I3. (meta)data include qualified references to other (meta)data.
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Reusability Findings
20. Were there any issues with the data that impacted
reuse of the data (e.g., resolution)?
21. Did the data geographic scale used impact reuse of
the data?
22. Did the coordinate systems used impact reuse of
the data?
23. Did the metadata provide sufficient information
for data reuse?
To be reusable:

R1. meta(data) have a plurality of accurate and relevant attributes.
R1.1. (meta)data are released with a clear and accessible data usage license.
R1.2. (meta)data are associated with their provenance.
R1.3. (meta)data meet domain-relevant community standards.

24. Please provide any other feedback about this
project or data fitness for use.
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Other Quotes
§ “‘do you guys have any sort of standard metadata?’
and in short, the answer is no. It’s kind of like, well
the people at the table know a lot about the data ”
§ “so its non-trivial I think to find the right data if
you’re not already kind of an expert or at least
somebody who’s guided by somebody else… we
know that this is the one that is authoritative and it’s
the processed quality controlled version”
§ “Because, generally, publishing data is not all that
sexy in, you know it’s not going to get you a whole
lot in your career”
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This project’s potential implications
1) Creating a user-centered methodology to build
other data principles beyond FAI;
§

Data can be FAI, but R requires more research;

2) Contributing new knowledge of how scientists
access and use science data; and
3) Producing a framework that apprises how best to
meet the re-users’ needs (i.e., fitness for use).
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Presentations, poster, and paper

Type
Oceanographers

(10)
Geologists

F

A

RDA 2018

I

R

IDCC 2019

(5)

AGU 2018 (poster)

USGS
(7)

CDI 2019?
Open File Report?
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GI: Organization,
Access, and Use
§ Bishop, B.W. & Grubesic,
T. H. (2016). Geographic
Information:
Organization, Access,
and Use of Geographic
Information. Springer.

?
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