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Welcome - Day 1 - Introductions 
Your M4M Facilitators 
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Nancy J. Hoebelheinrich is a digital library, 
archives and data repository consultant 
specializing in geoscience, cultural heritage, and 
educational data. Nancy has previously worked 
in academic, public and legal libraries and data 
repositories, and non-profit research institutes. 
She is currently founder and co-owner of 
Knowledge Motifs LLC. Nancy has been active 
most recently in a number of information and 
educational technology efforts including those 
of the Earth Science Information Partners (ESIP), 
RDA’s ETHRD IG, and EarthCube. She is a 
member of the core GO FAIR US team leading 
the Ambassadors Pillar.

Nancy Hoebelheinrich

John Graybeal is a Technical Program Manager at the 
Stanford Center for Biomedical Informatics Research 
(BMIR), the home of Protégé and WebProtégé, BioPortal 
and OntoPortal, and CEDAR. He helped teach an 
inaugural GO FAIR M4M workshop and related training 
on vocabulary development. Previously he was a 
Principal Investigator of the Marine Metadata 
Interoperability Project.  Most recently he has been 
heavily involved in metadata and harmonization efforts 
on behalf of the NIH Rapid Acceleration of Diagnostics 
RADx Data Hub, and supports the NIH Human 
Biomolecular Atlas Program (HuBMAP) project, as well as 
contributing to the Simple Standard for Sharing 
Ontological Mappings (SSSOM) project. 

Melissa Cragin John Graybeal
Melissa Cragin is Chief Strategist for Data Initiatives in 
the Research Data Services division at the San Diego 
Supercomputer Center (SDSC), UCSD. Prior to joining 
SDSC, Melissa was the Executive Director of the 
Midwest Big Data Hub, based at the National Center for 
Supercomputing Applications (NCSA) at UIUC. 
Previously, she served in the Office of the Assistant 
Director, Directorate of Biological Sciences at the 
National Science Foundation (NSF), and worked on data 
policy and public access. At SDSC, Melissa works on 
projects to improve data access and use, and foster the 
development of the national data infrastructure 
ecosystem and related policy, including the EarthCube 
Coordination Office and GO FAIR US.



Welcome - Day 1

● Rules of Engagement
● Community Participation Guidelines

● Introductions
● Conceptual scope

○ Why these workshops?

○ Why you?

And, On to the show!
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Common notes: https://bit.ly/EarthCubeM4M
Slides:  https://bit.ly/ECM4MSlides     

https://www.earthcube.org/community-participation-guidelines
https://bit.ly/EarthCubeM4M
https://docs.google.com/presentation/d/1Gs6-Ytu0CevOm6r0EG9iYmMWflNVnQPXvUsaKunhkY4/edit?usp=sharing


Welcome - Day 1

Rules of Engagement

● Participants - active engagement
○ This is an interactive workshop
○ Focus questions on process and mechanics
○ Contribute to Common Doc (capture questions and feedback)

● Observers - this is a passive role - you are welcome to shift 
status now
○ Mics and Video off throughout workshop
○ Chat is not available, but organizers welcome email afterward
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Common notes: https://bit.ly/EarthCubeM4M    

https://bit.ly/EarthCubeM4M


Welcome - Day 1 
 Community Participation Guidelines

Expectation of collegial behavior and kind interactions.
SDSC and EarthCube are committed to providing harassment-free 
environments for our events and collaborative workspaces. Harassment in 
any form is unacceptable.

To address concerns during the event, contact Melissa - mcragin@sdsc.edu

If you believe you have experienced or are experiencing unacceptable 
behavior (Section 3), please submit a report HERE.
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https://www.earthcube.org/community-participation-guidelines
https://docs.google.com/forms/d/e/1FAIpQLSd3A5R0MxbQ2Bw6NhIt8a2_12Nqol_FNGfjCBX1qkIUNC8GHg/viewform


Welcome - Day 1 
 Introductions

• Kerstin Lehnert, Lamont-Doherty Earth Observatory
• Steve Richard, US Geoscience Information Network (USGIN)
• Carina Bennett, University of Arizona, OSIRIS REx
• Taylor Johnson, University of Arizona, SAMIS
• Joshua Kantarges, OSIRIS REx
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Workshop Background & Motivation

● Present advanced tools and processes to help 
EarthCube members manage metadata

● Advertise these techniques to the wider science 
community

● Evaluate the value of these approaches for 
EarthCube science metadata, and
○ to consider potential uptake in more communities in the U.S.

8



Conceptual Scope 
9

Why you?

● Opportunity to build 
future-looking developments for 
global open science

● Opportunity for AstroMat 
● Your Background/Expertise
● Relation to work that your 

community has already started

UA-DSD_OSIRIS-REx-SA_Image_Format_DRAFT

https://docs.google.com/document/d/1z7dKRfW6AWsTyARrRTXg8qYWwab8bMVN/edit
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Expectations for our Work Together
• If nothing else, today is about controlled vocabulary and schema 

• Implementation of the FAIR Guiding Principles is in early stages. 

• In the M4M workshop, we are often building an airplane while flying it. 

• Consider yourself co-developers! 

https://www.youtube.com/watch?v=L2zqTYgcpfg

Courtesy of Erik Schultes



Agenda – Day One, Sept 8, 2022
# Duration Agenda Item

4’00” total Build controlled vocabularies

1 0:10 Welcome:  Self-introductions of presenters and participants
Workshop:  Conceptual scope, motivations and practicalities 
Summary: Short introduction about the workshop

2 0:30       GO Introduction to Automating FAIR using linked, machine-actionable (meta)data 

3 0.45       GO How to build machine-actionable controlled vocabularies

0.15 Break

4 0:15       GO How to build domain-specific controlled vocabularies

  4A
  4B
  4C
 

1:30
  0:30+ each
  0:30
  0:50
0:20

Exercises (your choice!) in building domain-specific controlled vocabularies
  4A: Pick one or more vocabularies to improve
  4B: Create a new vocabulary (sheet) for your domain 
  4C: Set up a workflow with GitHub & BioPortal
 Pose / discuss advanced vocabulary topics

5 0.15       GO Round-off and what happens next?
Summary: A summary of the first day of M4M and a prelude to day 2 of M4M.
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Agenda - Day Two, Sept 9, 2022
# Duration Agenda Item

4’ total Build a machine-actionable metadata template

0 0:10   GO Review and issues from Day 1

1 0:45   GO How to build machine-actionable metadata templates

2 0:20   GO
0:40   GO

Step 1: Make a copy of existing template (e.g., Generic Dataset Metadata Template)
Step 2: Create metadata fields and assign controlled vocabularies

0:15 Break

3 0:30   GO

0:20   GO

0:10   GO

Step 3: Add created or new fields to metadata elements and add RDF properties
Step 4: Structure new or copied template by composing and replacing elements
Step 5: Make machine-actionable metadata by filling out the form

4 0:20   GO FAIR Orchestration and Integration with other systems

5 0:15   GO Questions and Discussion

6 0:15 Round-off and what happens next?
Summary: What we did during M4M and discussion of next steps.
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2 - Introduction to Automating FAIR 
using linked, machine-actionable (meta)data

13
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Three-Point FAIRification Framework 

https://www.go-fair.org/how-to-go-fair/

https://www.gofairfoundation.org/m4m/
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2016

https://www.nature.com/articles/sdata201618

Automating F, A, I, and R

June 19 2022
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2016

https://www.nature.com/articles/sdata201618

Automating F, A, I, and R

Technical infrastructure (generic operations)
Data/metadata (domain-specific content) 
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https://www.nature.com/articles/sdata201618

Automating F, A, I, and R

Technical infrastructure (generic operations)
Data/metadata (domain-specific content) 
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Technical infrastructure (generic operations)
Data/metadata (domain-specific content) 

2016

https://www.nature.com/articles/sdata201618

Automating F, A, I, and R
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Technical infrastructure (generic operations)
Data/metadata (domain-specific content) 

2016

https://www.nature.com/articles/sdata201618

Automating F, A, I, and R

See F3

Separate but linked 
data & metadata

ORCID
DOI

FAIR versus Open
See R1.1

Search engine
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FAIR  Hourglass

Technical infrastructure (generic operations)
Data/metadata (domain-specific content) 
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FAIR 
Data 
Point

FAIR  Hourglass

JSON-LD

Technical infrastructure (generic operations)
Data/metadata (domain-specific content) 
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M4M FAIRification roadmap

 Courtesy of Barbara Magagna
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M4M FAIRification roadmap
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FAIR Vocabularies
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FAIR Metadata
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FAIR Orchestration
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FAIR vocabularies
Courtesy of Barbara Magagna
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FAIR Vocabularies
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What are key characteristics of a FAIR 
vocabulary?
• FINDABLE 

• ACCESSIBLE

• INTEROPERABLE

• REUSABLE



Starting Point: One level higher

https://docs.google.com/presentation/d/1vr9jhkWPfCosjtxw0fy8rTn5u8Ba-qPyqB8R-e8k53o



What do we want out of vocabularies?

1. We want to talk to each other …



1. We want to talk to each other … via data in our computers

What do we want out of vocabularies?

Data 
Store/ 

Analytics



1. We want to talk to each other … via data in our computers
a. Computers are much more precise (picky) than human brains
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Store/ 

Analytics

1. We want to talk to each other … via data in our computers
a. Computers are much more precise (picky) than human brains
b. What we 'say' often lasts way longer, and spreads more, than we imagine
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1. We want to talk to each other … via data in our computers
a. Computers are much more precise (picky) than human brains
b. What we 'say' often lasts way longer, and spread wider, than we imagine

2. We want to make it easier to use software and data "later"

What do we want out of vocabularies?



Data 
Store/ 

Analytics

1. We want to talk to each other … via data in our computers
a. Computers are much more precise (picky) than human brains
b. What we 'say' often lasts way longer, and spread wider, than we imagine

2. We want to make it easier to use our work "later"
a. Thousands of file formats + data layout specifications for vocabularies
b. One set of these—the

W3C semantic web specifications—
is the clear 'best' and overall winner

c. Another of these—PDF—is a
disastrous loser (not computable)

What do we want out of vocabularies?



What do we want out of vocabularies?

1. We want to talk to each other … via data in our computers
a. Computers are much more precise (picky) than human brains
b. What we 'say' often lasts way longer, and spread wider, than we imagine

2. We want to make it easier to use our work "later"
a. Thousands of file formats + data layout specifications for vocabularies
b. One set of these—the

W3C semantic web specifications—
is the clear 'best' and overall winner

c. Another of these—PDF—is a
disastrous loser (not computable)



So it's not about you, it's about your legacy

Because let's face it, it would be a lot easier to just "use your words."



So it's not about you, it's about your legacy

Because let's face it, it would be a lot easier to just "use your words."

And also the legacy of government agencies 
worldwide…

Because large governmental agencies tend to be 'late adopters'

Whether we're talking about the U.N., U.S. and its agencies, or any other big 
organization, it's almost always very hard to re-use their vocabularies.



Data 
Store/ 

Analytics

So our motivation is to 'talk' to each other using computers

How does that translate to our work with vocabularies?



Why build and use controlled vocabularies?

• To know if terms in different datasets mean the same thing

• To annotate data using concepts with agreed meaning

• To use vocabularies that are standardized and 'computable'

• To use vocabularies and concepts from your community

– Shared meaning (and even spelling!)

– Reflecting the community's consensus

– Enabling community collaboration

– Receiving ongoing love and care

– To save time creating our own vocabulary list

– And, to help us be FAIR

48
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What are key technical characteristics of a 
FAIR vocabulary?
• FINDABLE: the vocabulary, and also each of the concepts, 

must have a GUPRI registered (indexed) in a community 
service

• Globally Unique
• Persistent
• Resolvable
• Identifier 

• ACCESSIBLE: retrievable on the web, downloadable in 
different formats

• INTEROPERABLE: encoded in standard representations, 
mapped to other resources

• REUSABLE: open license, described with metadata, 
governed



Principles



List of main principles for vocabularies to follow
A vocabulary should have:

1. A registered location where it is served to the public
2. An openly accessible location where it is maintained and versioned
3. A well-defined IRI path (ideally matching the registered location)
4. Metadata describing it as thoroughly as is feasible, ideally using 

Metadata for Ontology Description and Publication (MOD)
5. If SKOS, all the best practices described for Bioportal SKOS Support 

(https://www.bioontology.org/wiki/SKOSSupport)
6. A published and followed process for keeping the vocabulary 

up-to-date
7. An open license
8. A well-defined community-accepted method to deprecate terms that 

change

https://www.bioontology.org/wiki/SKOSSupport


List of main principles for vocabulary terms

Vocabulary terms should have:

1. Unique identifying fragment (may be codes or term labels) 
2. Labels
3. Definitions
4. Unique IRIs that are resolvable
5. If derived from another source, the source should be referenced 

as dcterms:source
6. Mapping to a skos:broader Concept, unless it is a root term
7. As much as feasible, the annotations referenced in Rule 6 of 10 

Simple Rules for Making a Vocabulary FAIR 
(https://arxiv.org/abs/2012.02325)

https://arxiv.org/abs/2012.02325


Rule #6 (10 Simple Rules for Making a Vocabulary FAIR):
Add these annotations to your vocabulary and terms:

1. Labels and synonyms: Encode term names and synonyms as skos:prefLabel or 
skos:altLabel, respectively.

2. Textual definitions: Textual definitions are encoded as skos:definition
3. Codes and symbols: Codes and symbols are encoded as skos:notation
4. Notes or comments for clarifications: Comments can be encoded using skos:note. 

Clarifications on usage can be recorded using skos:scopeNote
5. Per-item metadata, if available: Use standard elements such as dcterms:creator, 

dcterms:created, dcterms:modified, dcterms:source, rdfs:seeAlso. 
6. Relationships between terms: If other non-specific relationships between items in the 

vocabulary are provided in the source document, they may be encoded using 
skos:related. 

7. Subsets: If subsets or other term groupings are present in the source, encode each as 
a skos:Collection. Collections may be nested. Concepts may be members of more than 
one collection. 

8. Definition of  the whole vocabulary. The complete vocabulary should be encoded as 
a skos:ConceptScheme, with every skos:Concept having a skos:inScheme 
relationships to the scheme, or the top items in broader/narrower chains having a 
skos:topConceptOf relationship to the concept scheme. 

9. Language tags: Use language tags for the term labels in multilingual vocabularies 
(and/or to describe the base language of the whole vocabulary). 



List of main principles for creating a new vocabulary

1. There is no existing open vocabulary that fully suits your 
needs 

2. You can not build upon an existing vocabulary by adding 
terms to it

3. It is impractical to reuse the vocabulary as is (e.g., it is not 
structured, or its identifiers do not resolve)

4. The existing vocabulary is no longer maintained



3 - How to build machine-actionable 
controlled vocabularies
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Image by Pavlo from Pixabay

https://pixabay.com/users/pavlofox-514753/?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=1314070
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Technical solutions for 
vocabularies
Courtesy of Barbara Magagna



FA
IR

w
ar

e 
Ps

yc
ho

lo
gy

, J
un

e 
20

 2
02

2 
ci

te
 a

s 
ht

tp
s:

//o
sf

.io
/y

rg
zq

/

What are key technical characteristics of a 
FAIR vocabulary?
• FINDABLE: the vocabulary, and also each of the concepts, must 

have a GUPRI registered (indexed) in a community service
• Globally Unique
• Persistent
• Resolvable
• Identifier 

• ACCESSIBLE: retrievable from the web, downloadable in 
different formats

• INTEROPERABLE: encoded in standard representations, 
mapped to other resources

• REUSABLE: open license, described with metadata, governed
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• FINDABLE

purl.org – assign persistent URLs to controlled vocabulary terms
BioPortal – ontology registration and indexing service

-> https://bioportal.bioontology.org/

https://bioportal.bioontology.org/
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A preview of the big picture…
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http://www.youtube.com/watch?v=plqBnYESXbw
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excel2rdf and sheet2rdf:
Template Content

60
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General setup

Controlled vocabulary 
metadata

Definition of terms 
and properties
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Vocabulary template – 
general setup and prefixes
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Vocabulary template – 
general setup metadata



FA
IR

w
ar

e 
Ps

yc
ho

lo
gy

, J
un

e 
20

 2
02

2 
ci

te
 a

s 
ht

tp
s:

//o
sf

.io
/y

rg
zq

/

Vocabulary template – 
general setup versioning
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Vocabulary template –
SKOS property prefLabel

● The preferred label (short) for the term
● Unique within vocabulary
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Vocabulary template –
SKOS property altLabel

● Alternate label(s) (synonyms)
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Vocabulary template –
SKOS property definition

● Description of the term (not redundantly)
● Like previous properties, supports languages
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Vocabulary template –
SKOS property broader

● Points to broader terms ('up' hierarchy)
● Use broader terms exact Identifier name
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(Separate multiple values with commas.)

•dct:source – IRI reference to the source 
material that you used to define the term

•skos:closeMatch – use Identifier of closely 
related term from this or another vocabulary

•skos:exactMatch – use Identifier of 
conceptually identical term from this or 
another vocabulary 

•dct:creator – use ORCID ID of term creator 
•dct:contributor – use ORCID ID of term 

contributor

Vocabulary template –
SKOS property broader
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excel2rdf and sheet2rdf:
Workflows

70
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excel2rdf and sheet2rdf:
Workflows

71

● Automatic workflows in GitHub 
● Executed by means of GitHub actions
● Contains underlying shell, python and java 

programs which:
○ convert the google or Excel sheet to the 

machine-readable controlled vocabulary
○ Test the derived controlled vocabulary
○ Commit the results and test logs to the GitHub 

repository
○ Makes the vocabulary available to OntoStack and/or 

BioPortal to be served to humans and machines
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excel2rdf and sheet2rdf:
Demonstration

72

● Modify the Google or Excel spreadsheet
● If Excel, check it in to the GitHub repo
● Wait for Google's workflow to kick in (5 min)
● If BioPortal, log in to re-submit ontology (or 

wait for overnight automated discovery)
● View your updates in published repositories
● In case of problems, email 

support@bioontology.org (public list)

mailto:support@bioontology.org
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excel2rdf and sheet2rdf:
Doing this yourself

73

● Fork the appropriate repo from 
https://github.com/fair-data-collective

● If Google, populate a sheet with template
● Configure workflow for your spreadsheet 

source (Google) or name (Excel) 
● If sheet2rdf with OntoStack, configure that
● Set up BioPortal new ontology 

to read from your binary 
product in GitHub (example)

https://github.com/fair-data-collective
https://raw.githubusercontent.com/fair-data-collective/M4M-20-FAIRware-Psychology-Subjects/main/vocabulary.ttl


Break
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4 - Building domain-specific controlled 
vocabularies

75

Image by Bernard FLEURANDEAU from Pixabay

https://pixabay.com/users/fleuber-7954782/?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=3640950
https://pixabay.com//?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=3640950
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Create Vocabularies
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Create vocabularies



Domain-specific vocabularies

Let's look at example vocabularies in a domain
● Vocabularies you already started work on: √
● Vocabularies you might want to include: ?
● How to find other relevant vocabularies: 🔎

There are some questions and notes we can bring up for you 
to consider as you're working on exercises. 

These are examples applicable to one set of attendees, but 
you may find useful lessons (and can bring your own terms 
to the table for the exercises).
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Domain specific vocabularies – √
● SAMIS-JSC CURATION INTERFACE CONTROL DOCUMENT 

(ICD) - DRAFT v2
○ 8.2.1.3 sampletype (powder, aggregate, chip, particle, liquid, fibsection, 

atomprobetip, microtomeslices, residue)

○ 8.2.1.3 containertype (aluminumcontainer, glassvial, teflonbag, 
polycarbonatecontainer, aluminumwrapping, customcontainer)

○ 8.2.2.4 sampletype (thinSection, thickSection, pottedButt, pressedGrainsEpoxy, 
pressedGrainsMetal)

○ 8.2.2.4 containertype (same as 8.2.1.3? always?)

● UA-DSD_OSIRIS-REx-SA_Image_Format_DRAFT
○ 4.2.1.1 dataProductType (optical microscope image, secondary electron image, 

backscatter electron image, x-ray maps, high-resolution cathodoluminescence image, bright 
or dark field images,  diffraction pattern image, raster ion image, SCAPS ion image, 
nanoindentation topographic image, microindentation topographic image, QRIS single 
channel image, QRIS multichannel image)

○ 4.2.2 pixelLocation (upperLeft, upperRight, lowerLeft, lowerRight, center)

79

https://docs.google.com/document/d/1z7dKRfW6AWsTyARrRTXg8qYWwab8bMVN/edit#


Domain specific vocabularies – ?

● SAMIS-JSC CURATION INTERFACE CONTROL DOCUMENT 
(ICD) - DRAFT v2

○ 8.2.1.3 peclassification (?)
○ Glossary of Terms
○ Table of Abbreviations

● UA-DSD_OSIRIS-REx-SA_Image_Format_DRAFT
○ 4.2.1.1 bitDepth (1, 8, 16, 32)

● Instruments, Labs, and Data Product Leads Spreadsheet
● DataDictionary metadata fields 

○ columns: productEntity, domainEntity, instrument, Meaning, 
Keyword, Format, Units

○ other tabs: [products, BaseDataTypes, DataContentTypes, 
productContent, …]

80

https://docs.google.com/document/d/1z7dKRfW6AWsTyARrRTXg8qYWwab8bMVN/edit#
https://docs.google.com/spreadsheets/d/1zWZrpPYNiyNhKOOQUaKRGayGZkx50KX9YOfRCGfl77Q/edit#gid=1808035866
https://docs.google.com/spreadsheets/d/1yH_o08MtL5etCEqhxEucUrOpxqQQSa_p9Ge_N_8Du4Y/edit#gid=987998765


Domain specific vocabularies – 🔎
Searching in Bioportal yields …

● 'Image Type' => DICOM Controlled Terminology
● Recommender (powder, aggregate, chip, particle, 

liquid, fib section, atom probe tip, microtome 
slices, residue) => NCIT (6/9)

● MatPortal yields DEB ontology

This is a bit of an open exploration exercise, to 
potentially discover useful content. 
ESIP's Community Ontology Repository is another 
possible source of earth science vocabularies. 
Or check out this crowd-sourced repository list!
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https://bioportal.bioontology.org/ontologies/DCM
https://bioportal.bioontology.org/ontologies/NCIT?p=classes&conceptid=http%3A%2F%2Fncicb.nci.nih.gov%2Fxml%2Fowl%2FEVS%2FThesaurus.owl%23C45302
https://bioportal.bioontology.org/ontologies/NCIT?p=classes&conceptid=http%3A%2F%2Fncicb.nci.nih.gov%2Fxml%2Fowl%2FEVS%2FThesaurus.owl%23C62344
https://bioportal.bioontology.org/ontologies/NCIT?p=classes&conceptid=http%3A%2F%2Fncicb.nci.nih.gov%2Fxml%2Fowl%2FEVS%2FThesaurus.owl%23C158547
https://bioportal.bioontology.org/ontologies/NCIT?p=classes&conceptid=http%3A%2F%2Fncicb.nci.nih.gov%2Fxml%2Fowl%2FEVS%2FThesaurus.owl%23C63850
https://bioportal.bioontology.org/ontologies/NCIT?p=classes&conceptid=http%3A%2F%2Fncicb.nci.nih.gov%2Fxml%2Fowl%2FEVS%2FThesaurus.owl%23C45298
https://bioportal.bioontology.org/ontologies/NCIT?p=classes&conceptid=http%3A%2F%2Fncicb.nci.nih.gov%2Fxml%2Fowl%2FEVS%2FThesaurus.owl%23C48795
https://matportal.org
https://matportal.org/ontologies/DEB
https://cor.esipfed.org
http://bit.ly/EarthScienceSemanticResources


Exercise: Our Plan

• You will have a choice of exercises.
• You can stay in main session, or be in a breakout room.
• We have (something more than 90 minutes) all told.
• Nancy and I will be floating and monitoring chat.
• After we answer any questions, first breakouts start.
• We'll come back to plenary after 30 minutes & report.

– Show your product for team. 
– Identify all issues and questions. 

• After reports, return to breakouts for TBD minutes. 
– They can be same breakout or another one.

• Again we'll come back to plenary for discussion.
• Finally, we'll discuss advanced issues for 20 minutes.
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Exercise: Choices

You can pick one to two areas to work on:
● Pick one or more vocabularies to improve
● Create a new vocabulary for your domain
● Set up a workflow with GitHub & BioPortal

Note: We want to use your work in our metadata 
templates tomorrow. So, think of terms used as values.

4A

4B

4C

0:40+

0:40

1:00
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4A: Pick one or more vocabularies to improve

1. (optional) Make a copy of the Workshop Vocabulary

2. Using the information that starts at Vocabulary 
Template Structure, modify your vocabulary to 
include more details

3. Add additional root (top-level) terms to create more 
vocabulary groups

4. Convert the vocabulary to SKOS regularly to confirm 
it still validates (can do manually)

5. Update the Workshop Vocabulary at the end of your 
work today (will load into Bioportal)
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https://skos-play.sparna.fr/play/convert


4B: Create a new vocabulary for your domain

1. Make a copy of the excel2rdf or Google 
spreadsheet

2. Update the metadata to describe your 
product (per slides start–end)

3. Create the new vocabulary with a parent 
term and some sub-terms (slides start–end)

4. Frequently convert the vocabulary to SKOS to 
confirm it still validates (can do manually)

85

https://skos-play.sparna.fr/play/convert


4C: Set up a workflow with GitHub & BioPortal

1. Set up GitHub repo per excel2rdf and sheet2rdf: 
Doing this yourself

2. Make a minor change in your vocabulary and 
confirm a new TTL file is generated

3. Go to BioPortal and create a new ontology

a. See John for naming advice and questions

b. Make ontology private for now

c. Submit ontology, visit after a few minutes

4. Discuss further details with John (clearing caches, 
updating submission).
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Closing: Pose/discuss advanced vocabulary topics

87

● How to blend existing vocabularies with yours
● Identifiers: use codes or meaningful labels?
● What about versioning of terms and vocabs?

Capture the questions and discussion points in 
the workshop minutes.

Want to learn more? Check out this fairly long 
curated list of SKOS-focused resources.

https://docs.google.com/document/d/1scVKOwrUzrGAQwz8q6Ye59Bxov1RoLrs6WOYg0IWSmk/edit#heading=h.b2dc57tc7ez2


Your new products 

88



Summary - Day 1
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Welcome - Day 2

• Any comments, questions from Day 1 activities?
– Need(ed) any more/other background information?

• Common notes: https://bit.ly/EarthCubeM4M

• Slides:  https://bit.ly/ECM4MSlides 
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https://bit.ly/EarthCubeM4M
https://docs.google.com/presentation/d/1Gs6-Ytu0CevOm6r0EG9iYmMWflNVnQPXvUsaKunhkY4/edit?usp=sharing
https://pixabay.com/users/rebeck96-819254/?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=724689
https://pixabay.com//?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=724689


Agenda - Day Two, Sept 9, 2022
# Duration Agenda Item

4’ total Build a machine-actionable metadata template

0 0:10   GO Review and issues from Day 1

1 0:45   GO How to build machine-actionable metadata templates

2 0:20   GO
0:40   GO

Step 1: Make a copy of existing template (e.g., Generic Dataset Metadata Template)
Step 2: Create metadata fields and assign controlled vocabularies

0:15 Break   (~12:55pm)

3 0:30   GO

0:20   GO

0:10   GO

Step 3: Add created or new fields to metadata elements and add RDF properties
Step 4: Structure new or copied template by composing and replacing elements
Step 5: Make machine-actionable metadata by filling out the form

4 0:20   GO FAIR Orchestration and Integration with other systems

5 0:15   GO Questions and Discussion

6 0:15 Round-off and what happens next?
Summary: What we did during M4M and discussion of next steps.
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Review and Issues from Day 1
92

What we covered:
• FAIR & who can best do what
• 3 Point FAIRification Framework
• Automating FAIR for vocabularies using CEDAR and 

BioPortal
• Reviewed a curated list of SKOS-focused resources
• Yesterday’s video recording - please don’t share 

What we did:
• Updated & uploaded draft SAMIS vocab

– (correcting naming issues for identifiers & added definitions)

• Created new vocab for OSIRIS-ReX Analytic Methods & 
uploaded to BioPortal

https://docs.google.com/document/d/1scVKOwrUzrGAQwz8q6Ye59Bxov1RoLrs6WOYg0IWSmk/edit#heading=h.b2dc57tc7ez2
https://drive.google.com/file/d/1r9JjynpUiyS7dMtjFPcvMDmiCrUEPLA7/view?usp=sharing


1 - How to build machine-actionable 
metadata templates

 

93

Image by Pavlo from Pixabay

https://pixabay.com/users/pavlofox-514753/?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=1314070
https://pixabay.com//?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=131407


3 Levels

1. Making metadata FAIR(er)—what's that 
about?

2. Using standards to make metadata FAIRer— 
the DCAT specifications

3. Using CEDAR to make FAIRer metadata

94
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FAIR metadata
Courtesy of Barbara Magagna

(Updated by GO FAIR US)
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FAIR Metadata
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Metadata as unstructured text description file in same directory

Metadata
This is about 
my DataXYZ 
file, which was 
created by me, 
Barbara.

Towards FAIRer Metadata

97

DataXYZ
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Metadata as tabular information (property/value) in same directory

Property Value

Title Data XYZ

Creator Barbara

Publication 
date

08-12-2021

License CC-BY-NC-ND

Resource Type Dataset

DataXYZ
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Property Value

Title Data XYZ

Creator Barbara

Publication 
date

08-12-2021

License CC-BY-NC-ND

Resource Type Dataset

Metadata as tabular information with use of controlled term as the value

Resource Type

Audiovisual

Collection

Data paper

Data stream

Dataset

Towards FAIRer Metadata

DataXYZ
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Property Value

Title Data XYZ

Creator Barbara

Publication 
date

08-12-2021

License CC-BY-NC-ND

Resource 
Type

http://vocab.fairdat
acollective.org/gdmt
/Dataset

ID prefLabel

http://vocab.fairdata
collective.org/gdmt/
ResourceType

Resource Type 
Category

http://vocab.fairdata
collective.org/gdmt/
Audiovisual

Audiovisual

http://vocab.fairdata
collective.org/gdmt/
Dataset

Dataset

Towards FAIRer Metadata
Metadata as tabular information with use of FAIR vocabulary as the value

DataXYZ
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Property Value

Title Data XYZ

Distribution 
identifier

https://distribution/ 
identifier/1462

Creator https://orcid.org/00
00-0003-2195-3997

Resource Type http://vocab.fairdata
collective.org/gdmt/
Dataset

Towards FAIRer Metadata

https://distribution/identifier/1462

Metadata as tabular information with use of identifiers (GUPRIs) for 
the values

DataXYZ

https://orcid.org/0000-0003-2195-3997



FA
IR

w
ar

e 
Ps

yc
ho

lo
gy

, J
un

e 
20

 2
02

2 
ci

te
 a

s 
ht

tp
s:

//o
sf

.io
/y

rg
zq

/

Property Value

http://purl.org/dc/
terms/title

Data XYZ

http://www.w3.or
g/ns/dcat#distribu
tion

http://distribution/id
entifier/1462

http://purl.org/dc/
terms/creator

https://orcid.org/000
0-0003-2195-3997

http://purl.org/dc/
terms/type

http://vocab.fairdata
collective.org/gdmt/
Dataset

Towards FAIRer Metadata
Metadata as tabular information with identifiers (IRIs) for properties

GUPRI

GUPRI

GUPRI

GUPRI

GUPRI

GUPRI

GUPRI GUPRI

https://distribution/identifier/1462

DataXYZ

https://orcid.org/0000-0003-2195-3997

GUPRI
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DCAT Specification
Courtesy of Barbara Magagna

(Updated by GO FAIR US)
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Technical Solutions: FAIR Metadata

CEDAR

CEDAR

DCAT 
Metadata
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https://www.w3.org/TR/vocab-dcat-2/

DCAT-AP 2.1.0

Metadata Schema – DCAT Vocabulary 

https://www.w3.org/TR/vocab-dcat-2/
https://joinup.ec.europa.eu/collection/semantic-interoperability-community-semic/solution/dcat-application-profile-data-portals-europe/release/210
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• Title

• Description

• Media Type

• …
• Access URL 
(landing page, API doc, direct download links, 
SPARQL endpoints…)

Distribution metadata fields

This is a solution for FAIR Principle F3
107
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CEDAR, DCAT, and GDMT
110

CEDAR has a template (or two) based on DCAT

We'll use Generic Dataset Metadata Template

● Created for these workshops
● Uses a DCAT-based vocabulary: FDC-GDMT
● Think of this as one instantiation of DCAT
● Based on an EU Application Profile 

(DCAT-AP 2.1.0)
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https://www.w3.org/TR/vocab-dcat-2/

DCAT-AP 2.1.0

Metadata Schema – DCAT Vocabulary 

https://www.w3.org/TR/vocab-dcat-2/
https://joinup.ec.europa.eu/collection/semantic-interoperability-community-semic/solution/dcat-application-profile-data-portals-europe/release/210


The Trouble with Standards
112

So you've decided to adopt DCAT, and you made 
a form using the DCAT vocabularies. Great!

Now what if your users need to specify some 
additional metadata? Or some terms that aren't 
in the DCAT vocabulary, but are important 
subsets of it?



1 – Building machine-
actionable MD templates using CEDAR

113

Im
age b

y D
ylan

 Leagh
 fro

m
 Pixab

ay

https://pixabay.com/users/dylanleagh-22758146/?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=6517841
https://pixabay.com//?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=6517841
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CEDAR
Courtesy of Barbara Magagna



CEDAR
• Web portal for developing templates and collecting metadata
• Human and machine readable output (RDF, JSON-LD)
• CEDAR account needed (cedar.metadatacenter.org — free!)
• Use the CEDAR manual (metadatacenter.github.io/cedar-manual)
• Find many CEDAR links (metadatacenter.org/references)

115

https://metadatacenter.github.io/cedar-manual/
https://more.metadatacenter.org/tools-training/cedar-references
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/CEDAR metadata: the questions

CEDAR form: human-readable JSON-LD: machine-readable

Metadata schema = form to be filled in 
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Drop-downs 
Autocompletion

Recommendations

Controlled terms
Latest term updates 
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CEDAR Artifact Composition:
Templates, Elements, and Fields

Center for Expanded Data Annotation and Retrieval

The Questions The Answers
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A CEDAR template is composed by elements and fields, which can be reused in different 
templates
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cedar.metadatacenter.org 

https://cedar.metadatacenter.org
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CEDAR metadata creation
Barbara Magagna

see guideline and CEDAR folder

(Links are for M4M20 but interesting) 

https://osf.io/kt7y2/
https://cedar.metadatacenter.org/dashboard?folderId=https:%2F%2Frepo.metadatacenter.org%2Ffolders%2F21ca1dfb-64b6-4e07-85f6-aa291a1a7151
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Create metadata



Step 1
Create a copy of your favorite template (or GDMT)
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Step 1 Detailed Instructions

Create a copy of your favorite template (or GDMT)

● Log in to CEDAR
● Search for 'GDMT' in title bar
● Find the Generic Dataset Metadata Template in 

the list
● Use the drop-down 'kabob' menu on the right to 

select the Copy To option
● Choose to copy to your workspace
● Click on your Workspace icon to see your own 

files, and view the template to confirm it's real 
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Step 1 Basic Video 1: Find/Navigate
Create a copy of your favorite template (or GDMT)
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http://www.youtube.com/watch?v=ePSDmBOeFq0


Step 1 Basic Video 2: View
Create a copy of your favorite template (or GDMT)

128

http://www.youtube.com/watch?v=aJtXnafZPtI


Step 2
Create metadata fields and assign controlled vocabularies

129

http://www.youtube.com/watch?v=lft62awGtdA


Break
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Step 3
Add your fields to metadata elements; add RDF properties

131

http://www.youtube.com/watch?v=V3RNNPE6N3o


Step 4
Make your final template by composing and replacing elements

132

Question: Is it better to build from the top down, or the bottom up?  Why?



Step 5
Make machine-actionable metadata by filling out the form

133



The Trouble with Standards
Revisited

134

So you've decided to adopt DCAT, and you made 
a form using the DCAT vocabularies. Great!

Now what if your users need to specify some 
additional metadata? Or some terms that aren't 
in the DCAT vocabulary, but are important 
subsets of it?



Extending dataset metadata … 
with additional metadata attributes

135

If you need to capture more metadata attributes, 
CEDAR gives you options!

● by modifying (a copy of) the template: you can 
add attributes into the form you created

● Or, if you included a repeating Attribute-Value 
field in your template, your users can add as 
many attributes as they want.



Extending dataset metadata … 
with additional value selections

136

If you need to capture more metadata values:

● by modifying the template: you can extend 
the allowed terms with your own terms from 
your own vocabulary (use the VALUES tab)

● or, if they are attributes for all users of that 
vocabulary, you can just add them to the 
vocabulary, without changing the template

● You can add a placeholder empty vocabulary 
to preserve that option!



Integrations with CEDAR
137

What about scaling and integration?

We're just coming to that, but first…



CEDAR Architecture Diagram
138



So many integration options
139

Here are some examples below. You can see the 
details at this Google slides presentation 

● Swagger (API documentation on-line) 
● Scripting with curl
● Viewing data in Google Sheets (Sheet script)
● Embedding in Applications (e.g., as front end)
● Exported as XML (we have conversion code)

https://docs.google.com/presentation/d/1PGQV-0K4iutbcgDDIJCRmQO_XQUlCTbMafcqP5BDH1A/edit#slide=id.p20


 

4 - FAIR Orchestration and Integration with other 
systems

140

Image by Andrew Martin from Pixabay

https://pixabay.com/users/aitoff-388338/?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=1788187
https://pixabay.com//?utm_source=link-attribution&amp;utm_medium=referral&amp;utm_campaign=image&amp;utm_content=1788187
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FAIR Orchestration
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FAIR Orchestration

FAIR 
Data 
Point
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The gateway to FAIR Orchestration 
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Networks for FAIR data points: A web of data
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FAIR  Hourglass

JSON-LD

Technical infrastructure (generic operations)
Data/metadata (domain-specific content) 

Your Post-M4M homework assignment
SPHN Data Ecosystem for FAIR Data
https://www.youtube.com/watch?v=pqV0qp4oisM

FAIR 
Data 
Point



FA
IR

w
ar

e 
Ps

yc
ho

lo
gy

, J
un

e 
20

 2
02

2 
 c

ite
 a

s 
ht

tp
s:

//o
sf

.io
/x

6k
ud

/

Scaling machine-actionable metadata

Psychology Neuroscience



Next steps - Scaling M4M

GO FAIR M4M workshop Progression for scaling 
machine-actionable metadata

147

 Introduction M4M: FAIR vocab and metadata
 Advanced M4M: vocabulary creation and governance
 Advanced M4M: metadata creation and governance
 Advanced M4M: variable descriptions using I-ADOPT
 Capacity Building: would you like to lead the next M4M?



Summary - Day 2/ Next steps for you?

148
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Thank you & 
FAIR well

EarthCube Pilot Workshop evaluation form

https://bit.ly/ECPilotM4MEvaluation 

https://bit.ly/ECPilotM4MEvaluation

