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“ A diverse set of stakeholders—
representing academia, industry, funding
agencies, and scholarly publishers—have
come together to design and jointly
endorse a concise and measureable set of
principles that we refer to as the FAIR Data

Principles.”

Wilkinson et al. 2016. The FAIR Guiding Principles for scientific
data management and stewardship. 2016



"The FAIR Principles put specific emphasis
on enhancing the ability of machines to
automatically find and use the data, in
addition to supporting its reuse by

14

individuals.

Wilkinson et al. 2016. The FAIR Guiding Principles for scientific
data management and stewardship. 2016



° F1. (meta)data are assigned a globally unique and persistent

identifier

* F2. data are described with rich metadata (defined by the

Reusable principles below)

Findable

° F3. metadata clearly and explicitly include the identifier of the

data it describes

° F4. (meta)data are registered or indexed in a searchable resource




DataCite helps Achieve Findable Principles

b DataC|te About us ~ Services ~ Resources ~ Community ~ Become a member % 4 L 4

. 050 :
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Find what you're looking for by Share your data and reuse the Cite your research sources with Connect your research -
searching millions of records data of others to create the confidence, and receive proper publications, datasets, software,
with extensive, reliable highest impact in the research credit when your work is reused. authors, institutions, and funding

metadata. community. data all in one place.



DataCite DOlIs are Globally Unique and Persistent

14 Million public DOIs registered to DataCite; 5 Million for datasets

DOls include:

Name: Proxy + Prefix + Suffix
Metadata: description of the object

URL: resolves to a digital location, which contains object’s details

Proxy Prefix Suffix

vov v

https://doi.org/10.5438/n138-z3mk



DataCite Metadata

<!-- REQUIRED FIELDS -->

p <xs:element
p <xs:element
p <xs:element
p <xs:element
p <xs:element
b <xXs:element

name="identifier">...</xs:element>
name="creators">...</xs:element>
name="titles">...</xXs:element>
name="publisher">...</xs:element>
name="publicationYear">...</xs:element>
name="resourceTvpe">...</xXs:element>

Identifier: A persistent identifier that identifies a resource. ("DOI")

Creators: The main researchers involved working on the data, or the authors of the publication

in priority order. May be a corporate/institutional or personal name.

Titles: A name or title by which a resource is known.

Publisher: The name of the entity that holds, archives, publishes prints, distributes, releases,

issues, or produces the resource. ( publish = making data available to the community)

Publication Year: Year when the data is made publicly available. If an embargo period has been

in effect, use the date when the embargo period ends.

Resource Type: The type of a resource. (“dataset”)



Citation Metadata across Standards

Citation Metadata Dublin Core® Schema.orgb DataCite° DATS*
Dataset Identifier identifier @id* identifier identifier
Title title name title title
Creator creator author creator creator
Data repository or publisher publisher publisher publisher
archive

Publication Date date datePublished publicationYear date
Version not available version version version
Type type type resourceTypeGeneral type

Fenner, Crosas, et al., 2019. A data citation roadmap for scholarly data repositories. Nature Scientific Data,

forthcoming




Discovery Metadata across Standards

Discovery Metadata | Dublin Core Schema.org DataClite DATS
Description description description description dataType
dimension
Material
“ee *
Keywords subject keywords subject keywords
License license license rights license
Related Dataset™* isPartOf isPartOf relatedIdentifier isPartOf
isVersionOf citation
references
Related bibliographicCit | citation relatedIdentifier publication
Publication*** ation

Fenner, Crosas, et al., 2019. A data citation roadmap for scholarly data repositories. Nature Scientific Data,
forthcoming




Findable in Google Dataset Search

Add metadata in schema.org to each page that describes a dataset

Verify that the markup produces structured data that you expect in
Structured Data Testing Tool

If you have multiple pages, create a sitemap and add that sitemap

to your Search Console

Google Dataset Search..



- A1. (meta)data are retrievable by their identifier using a

standardized communications protocol
- A1.1the protocol is open, free, and universally implementable

* A1.2 the protocol allows for an authentication and authorization

Accessible

procedure, where necessary

* A2. metadata are accessible, even when the data are no longer

available




metadata mark-up

—

PID resolution web service
Citation > | Landing Page > Data

Document Repository Data store
citing the data housing the data

Fig. 1. Generic data citation - relationships of the citation reference,
repository landing page and underlying data, taken with permission from20,
The Document citing the data is linked to the landing page via persistent
identifier (PID) resolution, the content is linked from the dataset landing
page via web services.

Fenner, Crosas, et al., 2019. A data citation roadmap for scholarly data repositories. Nature Scientific Data,
forthcoming



Achieving Accessible Principles

A dataset landing page should contain:

metadata

information on how to access the data via an open standard protocol

Data might be restricted, and only accessible if granted permissions

The landing page with descriptive metadata exists in perpetuity,
even when data are not available in the repository.

In this case, the landing page should provide information about why

the data are not available



* |1. (meta)data use a formal, accessible, shared, and broadly

applicable language for knowledge representation.
Intero PEra ble * 12. (meta)data use vocabularies that follow FAIR principles

* 13. (meta)data include qualified references to other (meta)data




Achieving Interoperable Principles

Interoperable Principles are the hardest to achieve!
It's not sufficient to bring the data together via APIs

Main goal is to facilitate Data Harmonization:

“Data harmonization is the process of bringing together your data of varying file formats,

naming conventions, and columns, and transforming it into one cohesive data set.” (Datorama)

“Data harmonization refers to all efforts to combine data from different sources and provide

users with a comparable view of data from different studies.” (ICPSR)

“Retrospective data harmonization involves pooling heterogeneous data from disparate data
sets and transforming them into 1 common data set to use for new analyses. This can be done
either by using variables that are common (e.g., age or sex) or similar (e.g., smoking status)
across data sets or by deriving new variables from disparate questions with a common theme
(e.g., total alcohol intake). ” (Rolland et al. 2015, Towards rigorous data harmonization in

cancer research: one approach” American Journal of Epidomology)



Metadata, Ontologies, and Vocabularies Standards

help Achieve Interoperable Principles
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R1. meta(data) are richly described with a plurality of accurate and

relevant attributes

R1.1. (meta)data are released with a clear and accessible data

Reusable usage license

R1.2. (meta)data are associated with detailed provenance

R1.3. (meta)data meet domain-relevant community standards




Metadata standards also help Achieve
Reusable Principles

High-level, Descriptive metadata standards:

Schema.org
DataCite

Dublin Core

Domain-specific metadata and ontologies, such as:

For social and health sciences: Data Documentation Initiative (DDI)
For life sciences: DATS

For molecular biology and genetics: The Gene Ontology

Provenance metadata:

W3C PROV



Data Documentation Initiative (DDI)

Describes data that result from observational methods in the social, behavioral,

economic, and health sciences

Created in 1995. Widely used, in 8o countries.

DDI Lifecycle 3.2 DDI Codebook 2.5
DDI-Lifecycle is designed to document and manage data across DDI-Codebook is a more light-weight version of the standard,
the entire life cycle, from conceptualization to data publication intended primarily to document simple survey data. Originally
and analysis and beyond. It encompasses all of the DDI- DTD-based, DDI-C is now available as an XML Schema.
Codebook specification and extends it. Based on XML Schemas, Read more about DDI 2.5...

DDI-Lifecycle is modular and extensible.

Implementation Guide: Best Practices for Usage Online field level documentation

of DDI 3.2 and Future Versions

XSD Schema entry point

Read more about DDI 3.2...

Online field level documentation Download documentation

XSD Schema entry point

Download documentation




DDI Codebook Metadata

Includes variable descriptions:

List of variables
Variable labels or names
Variable format, intervals, weights

Summary Statistics

Includes usage licenses and terms

Facilitates machine-actionable Interoperability and Reusability, in

particular for tabular datasets



Reusable Data with Clear Licenses and Terms

CCo:

"1 hereby waive all copyright and related or neighboring rights
together with all associated claims and causes of action with respect
to this work to the extent possible under the law”

Citation of a dataset is expected as a scholarly norm, not by law

CCBY:

“You must give appropriate credit, provide a link to the license,
and indicate if changes were made. ”

It's a license, not a waiver as CCo

Data Use Agreements (DUA):
Used when data are restricted due to proprietary or privacy concerns.
Also referred to as a License Agreement, Confidentiality Agreement,

Non-Disclosure Agreement, Memorandum of Understanding,
Memorandum of Agreement.



Make Data Count: Reusable Data with Credit

A new code of practice regarding how data usage and impact

should be meaningfully measured and reported

A data-level metrics aggregation and publication service

Views and downloads: from repository logs

Data Citations: from Crossref event data @ 22views

& 8 downloads

tk) 1citations

Y CDL (P DataCite Data®NE



The

Dataverse’

Project

Open source research data repository software
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A software, a community, many repositories

Developed since 2006 at Harvard’s Institute for Quantitative Social Science
Over 8o contributors, most external to Harvard

12 releases a year

40 installations around the world

30,000 datasets deposited in Harvard Dataverse

+ 50,000 datasets harvested from other Repositories

250 new datasets added to Harvard Dataverse per month

6 million downloads from Harvard Dataverse



Implementation of FAIR
Data Principles in
Dataverse




HARVARD

Add Data ~ Search ~ About User Guide Support Sign Up LogIn
Dataverse

AMERICAN JOURNAL

of POLITICAL SCIENCE Dataset Landing Page

American Journal of Political Science (AJPS) Dataverse (Midwest Political Sclence Association) ajps.org

Harvard Dataverse > American Journal of Political Science (AJPS) Dataverse > C It a t I O n fo r e n t I re d a t a s et .

Replication Data for: Strategic Spending: Does Politics Influence Election H
Administration Expenditure? — DOII Wlth U RLI and metadata

— = registered to DataCite.
Pope, JoEllen; Kropf, Martha; Shepherd, Mary Jo; Mohr, Zachary, 2019, "Replication Data for: Strategic Spending: Does Politics [] L]
Influence Election Administration Expenditure?", https://doi.org/10.7910/DVN/BKNF3I , Harvard Dataverse, V1, UNF:6:Avxe/ ( F I n d a b I e a n d Acc e S S I b I e)

NFbJVVU/lqcPe+HRA== [fileUNF] | Addto aDataverse ‘

i= Cite Dataset ~ Learn about Data Citation Standards [ contact Dataset Owner | [ share |

| Edit Dataset ~ | M k D C
Description Abstract: Recently, election ini ion has been an i part of the national and global a e a t a O U n t

p Dataset Metrics @
conversation about the results of elections. The important issue of election administration spending has
not been examined extensively, and the influence of politics on election administration spending 4+ More 203 ‘ 16 >5 _

(Reusable metric)

Subject Social Sciences Views Downloads
Keyword Elections, Administration, Budget, County

Related Publication Mohr, Zachary, JoEllen Pope, Martha Kropf, and Mary Jo Shepherd. [date]. “Strategic Spending: Does
d ?

ngri\iso:;‘i':\uge_ﬁ(eps/tﬁ:gyg/ Journal of Political Science. C it a t i O n a n d d i S C Ove ra b | e
Data Quality . .
Qa... metadata using DataCite,
Notes This dataset underwent an indep ification process that repli the tables and figures in the h D b | H C
B e pt s e Mool P e e sch€éma.org, bublin LOre,
.
DDI standards (Findable,

Accessible and Reusable)

Provenance Versions

Sort by:

Access: All v Publicatiol . betical v

More metadata, including
domain-specific (Reusable)

1to 4 of 4 Files Select files to download or edit

AJPS_strategic_spending_original.tab _ m
/example/directory/structure/

Tabular Data - 163.7 KB - Feb 12, 2019 - 2 Downloads

30 Variables, 1100 Observations - UNF:6:Avxe...IRA== +
Data file for Strategic Spending

CODEBOOK.pdf  (Biue'|
/example/directory/structure/

Adobe PDF - 432.1 KB - Feb 12, 2019 - 5 Downloads
MD5:082...463 +

readme.txt (Biuell
/example/directory/structure/

Plain Text - 315 B - Feb 12, 2019 - 6 Downloads
MD5:947...d36 +

Description of file contents

z_mohr_replication_do.do  (Biielll
PROV metadata (Reusable
application/x-stata-syntax - 12.8 KB - Feb 12, 2019 - 3 Downloads

MD5:1ea...f28 +

Terms with usage license or
Data Use Agreement
(Reusable)

[¢=




Machine-actionable Dataset Landing Page

<title>Replication Data for: Strategic Spending: Does Politics Influence Election Administration Expenditure? - American
Journal of Political Science (AJPS) Dataverse</title>
<meta http-equiv="Content-Type" content="text/html; charset=utf-8" />
<meta name="DC.identifier" content="doi:10.7910/DVN/8KNF3I1" /> ﬁ

<meta name="DC.type" content="Dataset" />
<meta name="DC.title" content="Replication Data for: Strategic Spending: Does Politics Influence Election Administration
Expenditure?" />
<meta name="DC.date" content="2019-03-11" />
<meta name="DC.publisher" content="Harvard Dataverse" />
<meta name="DC.description" content="Abstract: Recently, election administration has been an important part of the national
and global conversation about the results of elections. The important issue of election administration spending has not been examined
extensively, and the influence of politics on election administration spending levels has not been examined in the United States. While
theories of voter turnout and policy preference suggest that politics should influence election administration spending levels in the
counties that administer elections, to our knowledge, there has been no evidence produced to support a partisan election administration
expenditure effect. This research finds that Republican county commissions in North Carolina spend significantly less on election
administration once the county electorate is a sufficient Republican majority. The paper presents a novel model and method for
estimating election administration spending and calls for additional research to examine the outcomes of these significant differences
in spending on election administration." />
<meta name="DC.creator" content="Pope, JoEllen" />
<meta name="DC.creator" content="Kropf, Martha" />
<meta name="DC.creator" content="Shepherd, Mary Jo" />
<meta name="DC.creator" content="Mohr, Zachary" />
<meta name="DC.subject" content="Social Sciences" />
<script type="application/ld+json">
{"@context":"http://schema.org","@type":"Dataset","@id":"https://doi.org/10.7910/DVN/8KNF3I","identifier":"https://doi.org/10.7910/DVN/

8KNF3I", "name":"Replication Data for: Strategic Spending: Does Politics Influence Election Administration Expenditure?","creator":
it!

[{"name":"Pope, JoEllen","affiliation":"University of North Carolina at Charlotte"},{"name":"Kropf, Martha","affiliation":"Univers

of North Carolina at Charlotte"}, {"name":"Shepherd, Mary Jo","affiliation":"University of North Carolina at Charlotte"}, {"name":"Mohr,
Zachary","affiliation":"University of North Carolina at Charlotte"}],"author":[{"name":"Pope, JoEllen","affiliation":"University of
North Carolina at Charlotte"},{"name":"Kropf, Martha","affiliation":"University of North Carolina at Charlotte"},{"name":"Shepherd,
Mary Jo","affiliation":"University of North Carolina at Charlotte"},{"name":"Mohr, Zachary","affiliation":"University of North Carolina
at Charlotte"}],"datePublished":"2019-02-12","dateModified":"2019-03-11","version":"1", "description":["Abstract: Recently, election
administration has been an important part of the national and global conversation about the results of elections. The important issue
of election administration spending has not been examined extensively, and the influence of politics on election administration
spending levels has not been examined in the United States. While theories of voter turnout and policy preference suggest that politics
should influence election administration spending levels in the counties that administer elections, to our knowledge, there has been no
evidence produced to support a partisan election administration expenditure effect. This research finds that Republican county
commissions in North Carolina spend significantly less on election administration once the county electorate is a sufficient Republican
majority. The paper presents a novel model and method for estimating election administration spending and calls for additional research
to examine the outcomes of these significant differences in spending on election administration."],"keywords":["Social

Dublin Core meta-tags
for citation metadata
(Findable and

Accessible)

Schema.org JSON-LD
(Findable in Google
Dataset Search)
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Search ~

Files Metadata Terms Versions

Search this dataset... Q Find

1 to 4 of 4 Files

cameo_candidate_master_harvester_pairs.csv

Plain Text - 634.0 KB - Jun 21, 2015 - 0 Downloads

MD5: 8f52e231fb316004c9668e65a6¢c7aa02

Please see "description_of_cameo_candidate_master_harvester_pair.txt"

CAMEO candidate master harvester pairs

cameo_course_listings.csv

Plain Text - 8.0 KB - Jun 21, 2015 - 0 Downloads
MD5: 653639926109cc2dd0021db1cd7a3f14

Please see "description_of_cameo_course_listings.txt"

CAMEQO course listings

]

AJPS_strategic_spending_original.tab

Tabular Data - 163.7 KB - Feb 12, 2019 - 3 Downloads

30 Variables, 1100 Observations - UNF:6:Avxe/NFbJVvU/IgcPe+IRA==
Data file for Strategic Spending

Hp

CODEBOOK.pdf
Adobe PDF - 432.1 KB - Feb 12, 2019 - 5 Downloads
MD5: 082283da72122f19f23d43dc0a040463

readme.txt

Plain Text - 315 B - Feb 12, 2019 - 6 Downloads
MD5: 9472652d0a7d02ae1c0095ab11bfed36
Description of file contents

7 (Y

z_mohr_replication_do.do
application/x-stata-syntax - 12.8 KB - Feb 12, 2019 - 3 Downloads
MD5: 1ea8fbe91cf2c752c4db8645f4ff4f28
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AMERICAN JOURNAL
of POLITICAL SCIENCE

Data File Landing Page

American Journal of Political Science (AJPS) Dataverse (Midwest Political Science Association) ajps.org

Harvard Dataverse > American Journal of Political Science (AJPS) Dataverse > Replication Data for: Strategic Spending: Does Politics Influence Election Administration Expenditure?

AJPS_strategic_spending_original.tab == @i
This file is part of Replication Data for: Strategic Spending: Does Politics Influence Election Administration Expenditure? _

| Contact Dataset Owner I I Share |
m Metadata Versions | Edit File v |

el Make Data Count s

198 14 >5 —
Valid  Missing Views ‘ Downloads Citations ( b I m 1 )
ID Name Label Categories Cases Cases Minimum Maximum Re U S a e et rl C
= counties County Names string 100 1100 NA NA File Citation
19184087
n
Pope, JoEllen; Kropf, Martha;
county County Names 100 1100 0 1 100

Shepherd, Mary Jo; Mohr, Zachary,

19184000 2019, ‘Replcation Data for: Citation for data file, with

Strategic Spending: Does Politics

= cpi Consumer Price Index Research Series 1 1100 0 220 348 Influence Election Administration — D O I d U R L f h f |
y 19184102 Using Current Methods (CPI-U- Expenditure?", hitps:/doi.org/ an or eac ne

RS)1977=100 10.7910/DVN/8KNF3I, Harvard - -

- electconst ag Elections - Construction 10 1089 1 0 603430 E\)j;aélerse, V14; . L ( FI n d a b I e a n d Acce S S I b I e)
= 19184081 _strategic_spending_original.t
1 ab [fileName],

UNF:6:Avxe/NFbJVvU/lqcPe+IRA==
= electfixed ag Elections - Purchase of P,P&E 1089 1 0 1564 [fileUNF]
" 19184095 .

| | o Variable metadata
= electop gg Elections - Salaries & other direct 197 903 35843 4184760
" 19184082 Learn about Data Citation Standards f b | d f- I
- TOr tabular dataTile,

electother gg Elections - Other Direct 892 208 1954 4438598

5 19184096 Dataset Citation usin g DDI stan d d rd

lectw Electi Salaries & W 892 208 7533 1805481 Pope, JoEllen; Kropf, Martha; More 4+
= jgraor 0CM0% 99 loctons - Sarie & Wages (Interoperable and

Tabular Data - 163.7 KB - Last Updated:
fips Federal Information Processing Standards 1100 0 37001 37199 Feb 12, 2019 Re usa b I e)

= 30 Variables, 1100 Observations - UNF:
n 19184105 county code 6:Avxe/NFbJVVU/IqcPe+IRA==
Data file for Strategic Spending
= msacategory2 counties in MSA coded urban 2 1100 0 0 1
- 19184089



Data Explorer - Beta

Francgais

Replication Data for: Strategic Spending: Does Politics Influence Election Administration
Expenditure?
AJPS_strategic_spending_original.tab

Pope, JoEllen; Kropf, Martha; Shepherd, Mary Jo; Mohr, Zachary, 2019, "Replication Data for: Strategic Spending: Does Politics Influence Election Administration
Expenditure?", https://doi.org/10.7910/DVN/8KNF3I, Harvard Dataverse, V1, UNF:6:Avxe/NFbJVvU/IgcPe+IRA== [fileUNF]

Q| % | @) Results Download v ChartView  Table View x
ID Name Label
. , Variable county: County Names
- counties County Names string
i 19184087
, , , Values Categories N,
- county County Names . .
94 Washington V : : :
| - - riabl ription
- cpi Consumer Price Index Research Series Using 6 A — aria b € d esc pt o
19184102 c _U- _ very
I urrent Methods (CPI-U-RS)1977=100 from DDI
67 Onslow 1
. BT " Records Per Page| 10 2 A it (Interoperable
and Reusable)
ID Name Label
Summary Statistics A
= totvapunder25 total voting age population under 25
" 19184098 L .
Cases N Summary Statistics in
- oting age lation o H
;19184090\, T8 SSE ROREE 1100 DDI, automatically
0 <
— , calculated upon data
- vemodel voting equipment model name string Maximum 763682
i 19184103 Upload
Minimum 2838

(Interoperable and
Reusable)

Fist « 1 2 3 » Last Records Per Page 10 * 65065.06818181813



° FAIR data (Findable, Accessible, Interoperable, Reusable):
* Should be machine-readable and actionable

* Is not equal to open data
* Is an aspiration; it's never 100% FAIR

- When publishing restricted data, licenses and Data Use
Agreements must be clearly set by data authors or providers

Takeaways

- Arepository platform such as Dataverse can greatly facilitate
making research data FAIR

* But, data authors must contribute using appropriate community
metadata and vocabularies standards
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