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THE WHITE HOUSE

WASHINGTON

Australian Research Council
— Code for the Responsible Conduct of Research
— Data management plans

* National Science Foundation

— Data sharing requirements
— Data management plans

* U.S. Federal policy ) : M :

— Open access to publications (NSt I;],}f;‘;‘;",,,‘;‘fg‘;i Smndation

— Open access to data =
* European Union

— EEropean Open Data Challenge Supported by

— OpenAlIRE wellcometrust

e Research Councils of the UK

— Open access publishing

— Provisions for access to data

. jé Australian Government

st National Health and Medical Research Council

Policy RECommendations for Open Access to Research Data in Europe

e — —— ™ ,‘.-'




@ ) Research Data Sharing
/ without barriers

DATA ALLIANCE

Precondition:

Researchers share data



Big Data

Volume

Data Size

Data
Complexity

http://www.datameer.com/product/hadoop.html



Volume of data

Long tail of data

Number of researchers

Slide: The Institute for Empowering Long Tail Research



Open Data: Free

* A piece of data or
content is open if anyone
is free to use, reuse, and
redistribute it — subject
only, at most, to the
requirement to attribute
and/or share-alike

State Library and Archives of
Florida, 1922. Flickr commons
photo

Open Data Commons. (2013).
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Open Data: Useful

* Openness, flexibility, transparency, o

legal conformity, protection of o ST
intellectual property, formal S G
responsibility, professionalism, -

interoperability, quality, security,
efficiency, accountability, and
sustainability.

Organization for Economic Cooperation and Development. (2007).
OECD Principles and Guidelines for Access to Research Data from Public Funding.
http://www.oecd.org/dataoecd/9/61/38500813.pdf
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What are data?
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Data are
representations of
observations,
objects, or other
entities used as
evidence of
phenomena for the
purposes of research
or scholarship.

C.L. Borgman (2015). Big Data, Little Data, No
http://www.genome.gov/dmd/img.cfm?node=Photos/Graphics Data: Scholarship in the Networked World.
&id=85327 MIT Press
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SCIENCE : DISOgVERIES B

The End oikTheory: The Data Deluge Makes the
Scientific Method Obsolete

By Chris Anderson 06.23.08

ytiration: Marian Bantjes

13



Research process

e Models and theories
* Research questions
e Methods

— Tools

— Data sources

— Practices

— Infrastructure

— Domain expertise

Commons photo: Science Gossip, 1894
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LETTERS

A role for self-gravity at multiple length scales in the

process of star formation

Alyssa A, Goodman ', Erik W. Resolowsky™’, Michelle A. Borkin'1, Jomathan B, Foster', Michasl Halle'*,

Jers Ksuffmane'” & Jeime E. Pineda’

Self-gravity plays a decisive role i 2 final stages of star forma-
tlon, where dense coces (dze -0, parsecs) Inside molecular douds
collepse to form star-plus-disk systema’, But sedf gravity’s role a2
carlier times (and on boger leegth scales, such as =1 parex) is
uncdear; some molecaiar dood simulatices 12at do not incdlude
sedf grovity ssggot that ‘turbulent fngpnentation’ wlone & sul-
ficient to (reale & mass distribulion of dense cores that rosembles,
and sets, the atellar initial mus fusction’. Here we repoet 2 'den-
drogram” (hicrarchical tree-diagram) anadysis that revesds that
sl grovity plays & significasns role over the full range of possible
scles traced by 'CO obnervations in the L1648 moloculer doud,
ot mot everywhere in the observed reghon. In pasticallar, more
than 90 per cent of the compact ‘pre-stellar cores’ traced by peaks
of dust ennialon’ aze projected on the sky within one of the den-
drogram’s self-gravitazing ‘leaves’, As these peaks mack the loca-
tlons of already-forming stary, o of those probably about 10 form,
2 wlf-gravitating cocoon seems a critical condition for their exist-
ence, Turbulent fragmentation simulations withow self-gravity-
oven of snmagnetived Isothermal material—can yield mass and
veluily power spectea very similar to what is ebserved B2 douds
like L1448, Bot & dandrogram of such & simulatioe® shows that
neacly ol the gas in it (much more thes in the observalions)
appears 0 be sell-pravitating, A potestially sigsificant zole for
Fravity in“ooc-acdl gravitating simulatons suggests intormdstescy
in sicsslation swatiptions and cotpet, and that it is necesary 10
inclode sel-pravity in any ceafistic dirmalation of the star-furmation
process on sbparses scales.

Spectral-line mapping shows whaole molecular coods (typically
1o 10 hundreds of parsecs actoss, and surroomded by atomic gas
o he frrpeealy el gravitating. When dttesegts soc muade 1o fosther
Seeak down Jeuds mio pisces Ssing Sopmmentatica’ routmic, 0
selfgravitatisg aructures are dweyps found oo whatever sctle iy
apled™ ', Bint no oloervational study 1o date has succeisfully wed
cue spectral-li ala oulve Yo atzaly Do e role ol sell pravity vasies
a4 & Tuncrion of scale ividual segiun

Most past stroctore sdmnfication m molocular clouds has been
axplicitly mon-hicrarchical, which makes diffcult the guannfication
of phywcal conditions on mrddriple scales wing 2 dngle data set
Consider, for esample, e often-mmed algorithm CLUMPEINDY. In
three-cimensional | 113} spectral-line data cobes, CLUMPFIND oper
Hes an & wicssbel segrnerrtiatives algoeithun, idestdyleg ool mucinm
i Lir porition-poaitice-vaedity (p-p-v) cube sod anigning scurly
e=zsiiun 10 each ocal maxiseumn. Fgate | giver & two-dissendonml
12D} view of L34 ur sample stdr-fursing regon, and Hg 2
imxdudes & CLUMPEND decurmpostion of & hioed on " 'CO elnerva
ticex. A with anry algorithas (hat Joes et afler hicschically sested o

al condisons, within an iz

OVETSPPINg foarares 35 an opoan, u,-'-.fu 1t ermusaion foend betwoen
sl bty pically cither appendad s

paseall the eminion Being modclie:d. %

100 S
- -

Figurs 1 Near-nriraced image of the L1448 atar forming regicn with
o, of el sl radd, The umonds of the P

vorrenpeasad 1 the tewe i fraced s J Ddae |, H (grees) and K o
the commawes of Bitegrated mirsary arc fooen ' COL-0) ervdagion”
[ntegrated ntessiy b wtonioddlv, Y ™ g

w1 gives o view

wi ‘g’ of the mapdeculer gan along lizex of sight, sogerdion of dintarxe ar
vehocry. The repon widis the yellow box irmmedtatcly surmocading the

a schennel The |

woring o7 pravilatiog devse gas, a8 idenifed s e
dendocgram azalpais, and the leava they Meatify are 3ot shown in Hig. 2a,
Asteriks whow the locations of the four mos: prooinest endedded yourg
SHars 0 CompaT slelar systrms in The segion [we Suppieretnes
wisd seBorm Cheghes shvow the waillinetor Lost embsninns peaks whernifed as star
foenaing oc ‘preatellar’ coom’
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Figure 3 | Schematic illustration of the dendrogram process. Shown is the



Center for Embedded Networked Sensing

* NSF Science & Tech Ctr, 2002-2012
* 5 universities, plus partners

* 300 members

* Computer science and engineering
e Science application areas

Aerial Wire-Network

/ Tower Receiver

s

Wireless Raft N
Sensor \
/ Buoy
= _ Lalke ! §
i1 .."lf / dddaddaaas
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Science <—> Data

Engineering researcher:
“Temperature is temperature.”

CENS Robotics team

Biologist: “There are hundreds
of ways to measure

temperature. ‘The temperature is
98’ is low-value compared to, ‘the
temperature of the surface,
measured by the infrared thermopile,
model number XYZ, is 98.” That
means it is measuring a proxy for a
temperature, rather than being in
contact with a probe, and it is
measuring from a distance. The
accuracy is plus or minus .05 of a
degree. | [also] want to know that it
was taken outside versus inside a
controlled environment, how long it
had been in place, and the last time
it was calibrated, which might tell me
whether it has drifted..”
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The Pisa G?Tfﬁn Project

The aim of this project is to perform a comparative study of three artworks (bronze casts of Islamic IS
provenance), to discover evidence of similarities and to get new Insight on their origin.

is

Probably produced within the Islamic Mediterranean In the eleventh century, the Griffin has incised on its
body a long inscription in Arabic expressing good wishes. Captured by the Pisans, it underwent an
extraordinary transformation: for centuries it was a terrifying, sound-producing guardian figure on top of
the roof of Pisa Cathedral. The present project is focused on the Griffin but also includes alongside It
other bronze animal sculptures such as a Lion and a Falcon. It Is hoped that the interdisciplinary study of
the Griffin will shed light on the significance of such objects in a global Mediterranean culture.

Videos

The Pisa Griffin: an introduction

http://vcg.isti.cnr.it/griffin/

Arte islamica, ippogrifo, Xl sec 03, own work
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http://humannaturelab.net/wp-content/uploads/2015/01/Fig1-no-text-village 2y nly-selection.png
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Pepe, A., Mayernik, M. S., Borgman, C. L. & Van de Sompel, H. (2010). From Artifacts to Aggregations: Modeling Scientific
Life Cycles on the Semantic Web. Journal of the American Society for Information Science and Technology, 61(3): 567-582.



| O
1
U
o 1o

FIG. 4. ORE Aggregation representing the first stage of the scientific life cycle of a sensor network application in seismology (experiment and deployment
planning).

§
/
.

f/’ = |
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FIG.5. ORE Aggregation representing the second stage of the scientific life cycle of a sensor network application in seismelogy (data collection).
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Random walk

http://www?2.ess.ucla.edu/~jewitt/oort2-random.html
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Publications <—> Data: Role

Publications are sdience
arguments made o 4B 4

by authors, and L
data are the
evidence used to
support the
arguments.

C.L. Borgman (2015). Big Data, Little Data, No Data: Scholarship in the Networked World. MIT Press



Publications <—> Data: Mapping

Article 1
Article 2
Article 3
Article

Article n

<€

7

Dataset time 1

Dataset time 2
Observation time 1
Visualization time 3
Community collection 1
Repository 1



Publications <—> Data: Attribution

* Publications

— Independent units

— Authorship is negotiated
* Data

— Compound objects

— Ownership is rarely clear
— Attribution

* Long term responsibility: Investigators
* Expertise for interpretation: Data collectors and analysts

http://www.genome.gov/dmd/img.cfm?node=Photos/Graphics
&id=85327



Publications <—> Data: Citations

“If publications are the stars P T
and planets of the scientific _—T
universe, data are the ‘dark
matter’ — influential but
largely unobserved in our
mapping process”*

*Micah Altman, CODATA-ICSTI Task Group on Data Citation Standards and Practices, 2013, p. 54



Data citation and analytics
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Bibliometrics, Scientometrics,
Informetrics, Webometrics...

Broken Promises of Privacy 1709

data—associating stored genes with nonidentfying numben—1o protect
privacy.” Other guidelines recommend snonymiztion in contexes such o
electronic commerce, intemet service provision, data minirng,” and national
security dora sharing.” Academic researchers rely heavily on anonymization
to protect hutman research subjects, and their research guidelines recommend
snonymiztion generally,’ and specifically In education, comgpurer network
monitoring, * and health studies.” Professional statisticians ane duty-bound o
anonymize ditn 55 @ matter of peofessional ethics.”

Market pressures sometimes compel bustnesses to anonymize data, For
example, companies like mintcom and wesabecom provide web-based
personnl finance trucking and planning” One way these companies add
value s by aggregating and republishing damn w help their customen
compure their spending with that of smilarly sinmted pecple.” To muke
customers comfoetable with this type of data sharing, both mintcom and
wesabe.coom promise to ancnymize data before sharing it

Architecture, defined in Lesig's sense as rechnological construines,”' ofien
foroes anomymisstion, or at least makes ancaymization the default choice. As
one example, whenever you visit a website, the distant computer with which
you communicate—alio known ee the web server—reconds some information

19 Hobento Andornd, Fopukioen Gasene Disdues: A New Challogge 0 Hievant Ngha,
ETHICS AND EAW OF 2NTILUCTUAL Fcemity 39 (Chettan Lerk, Nib Hoppe & Roben Andormn
wle, 2007)

10 AL Bison & LAy Do, MasT DATA MANACGEMNT AND OusToson DATA
INTECRATION 108 A GLona EXTEsE 55539 (20071

1 Ser i Pt LAY

12, O GUPTA, INTIOOUCTION TODMWTA MENSNG Wi Case Sruns 432 {1006)

13, Mandr Fousn, Tast Foec, CRrarmio A TRUSTID Nereoux 108 Hosea asn
SICLRTY 144 {2003), skl ot e eww.aseldeosgldmrionlable meetyieat! sepentd fell puat p

14 Ser Tis SAGE ENCYCZOPLIA OF QUALITATIVE RESEARCI T METHOOS 196 (Liss M
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Rey, 29 (2006}
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pi.} Eopons Usion Article 29 Dy Protection Wodking Party, Optakn 42007 o the
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Nov. §, 2008, = A9

0, e Catodyn Y Jobmaoe, vl Scoied Nesuorsbing Meces Pevsonad Firce, NY, TS, Aug
7, 2007, avaslable st oy wew tiptisnes cooy2007 CRUT e hoodogn 07 ihe debor, 1,700 321 S hoed

M Sex, 0.4, Wesabe, Socerity and Privacy, hupfeww wesabe comywefsecoeiny (ber visied
June 12, 0101 Mine com, How Minr Pensonal Boarce Mansgereent Protecns Your Feancial Sedecy
hsprleaw, raire comrivacy {last visted Juse 12, 2000)
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Abdinov, et al. 2012. “Observation of a New Particle in the Search for the Standard
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Abstract

Research on practices to share and reuse data will inform the design of infrastructure to
support data collection, management, and discovery in the long tail of science and technology.
These are research domains in which data tend to be local in character, minimally structured,
and minimally documented. We report on a ten-year study of the Center for Embedded Network
Sensing (CENS), a National Science Foundation Science and Technology Center. We found
that CENS researchers are willing to share their data, but few are asked to do so, and in only a
few domain areas do their funders or journals require them to deposit data. Few repositories
exist to accept data in CENS research areas.. Data sharing tends to occur only through
interpersonal exchanges. CENS researchers obtain data from repositories, and occasionally
from registries and individuals, to provide context, calibration, or other forms of background for
their studies. Neither CENS researchers nor those who request access to CENS data appear to
use external data for primary research questions or for replication of studies. CENS
researchers are willing to share data if they receive credit and retain first rights to publish their
results. Practices of releasing, sharing, and reusing of data in CENS reaffirm the gift culture of
scholarship, in which goods are bartered between trusted colleagues rather than treated as
commodities.
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Research data: Scholars’ concerns

Research data management policies

Expertise, curation, stewardship, resources

Open records laws
Human subjects regulations
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Publication data: Scholars’ concerns

* Library management

e Academic personnel records
* Evaluation and credit

* Public-private partnerships
* Data governance...
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Metrics from Open Data

Searches for author: Christine Borgman, Christine L. Borgman, CL Borgman
(excluding other C Borgman authors) on July 28, 2014

Source Publications Citations received H-index
Google Scholar 380 7766 39
(Google)

Web of Science 145 1629 20

(Thomson-Reuters)

Scopus 77 1314 14 (after 1995)
(Elsevier)



e How should UCLA collect,

1A . i mitiose “"organize, and use research
°G “ =¥ analytics about our
AENTWADA AND CHRSTINE BORWAN LEADDATA. commiui ity ?
* Who should have access to
N oL these data?
— Within UCLA?

— In partnership with public and
private entities?

 What are the governance
Kert Wada and st Borgmn principles?

 What are the governance
processes?

https://ccle.ucla.edu/course/view/datagov



Attribution of data

* Legal responsibility

— Licensed data @Creative
— Specific attribution required commons

e Scholarly credit: contributorship

“Author” of data
Contributor of data to this publication
Colleague who shared data
Software developer

Data collector

Instrument builder

Data curator

Data manager

Data scientist

Field site staff

Data calibration

Data analysis, visualization
Funding source

Data repository

Lab director

Principal investigator
University research office
Research subjects

Research workers, e.g., citizen science...

"Creative Commons is a
non-profit that offers an
alternative to full
copyright.”

creativecommons.org

Briefly...

Attribution means:

You let others copy, @
distribute, display, and

perform your copyrighted

work - and derivative works based

upon it - but only if they give you
credit.

For Attribution -- Developing Data Attribution and
Citation Practices and Standards: Summary of an
International Workshop. Washington, D.C.: The
National Academies Press. 2012




Discovery and Interpretation

dentify the form and content
dentify related objects
nterpret

Evaluate METADATA ISA
Oper LOVE NOTE
Read
Compute upon
Reuse
Combine
Describe

T0 THE FUTURE

Annotate... Photo by @kissane; presentation by
Jason Scott (@textfiles) 39


https://twitter.com/kissane/
https://twitter.com/kissane/

Interpretation and replication

Datasets

Methods

— Collection

— Cleaning

— Analysis

— Codebook
Publications
Software and code

Instrumentation

http://peacetour.org/sites/default/files/code4peace-logo2-v3-color-
sm.jpg



Some ways to release data

Centralized data production

— Top down investments in data

— Common data archive
Decentralized data production

— Bottom up investments in data

— Pool domain resources later
Domain-independent aggregators
— University repositories

— Figshare, Dataverse, DANS...

Post on lab / personal websites

Share privately upon request
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ldentity and persistence

ldentity

— |dentifiers
 DOI, Handles
* URI, PURL...

— Naming and namespaces

* Authors/creators: ORCID, VIAF...
* Generic/specific: registry number...

— Description
» Self-describing
* Metadata augmentation

Persistence

— Perishable
— Long-lived
— Permanent

MNew/Transient

Persist
+ +Ro|lback/new

Refresh < Persist/Rollback

| i Managed > Removed

Remove
Cornmit/ Rollback/ + Amerge
Close
Rollback

Detached

Cormnmit

’

Persistence Content

http://web-interview-
questions.blogspot.com/2010_06_21_archive.h
tml



Intellectual property

What can | do with this object?
What rights are assouated?m
— Reuse O

— Reproduce \;@u m @
— Attribute 0 C

Who owns the rights?' "é‘* 5
How open are data?

— Open data
— Open bibliography

A?d&o 9. m

s atl

@

http://pzwart.wdka.hro.nl/mdr/research/lliang/mdr/mdr_images/opencontent.jpg/>



MODERN DATA SCIENTIST

Data Scientist, the sexiest job of the 21th century, requires a mixture of multidisciplinary skills ranging from an
intersection of mathematics, statistics, computer science, communication and business, Finding a data scientist is
hard. Finding people who understand who a data scientist is. is equally hard. So here is a little cheat sheet on who

MATH
& STATISTICS

Machme learming
St cal modeling
Experment desgn
Bayesan inference

SUNEVISES
random fo

Optmmization: gradient descent and
variaat:

DOMAIN KNOWLEDGE
& SOI'T SKILLS

w 2 about the husiness

Infiuence without authonity

Hacker mandsel

the modern data scientist really is.

PROGRAMMING
& DATABASE

Computes science fundamentals

Seriptng tanpuape e 2 Python

iting packages ep. R

UL amd NoSOI
nal algebi

and paratlel query

MapReduce concepts
Hadoop and Hve/Pig
Custom reducers

Expenence with xaaS like AWS

COMMUNICATION
& VISUAUZATION

a-driven NSRS nio

goplot or kathce

2 0f any of visualzation
55, Toblenw

lduhtmdhﬂuymmmwdwxbbmmt&mofemmmmﬂwbm Our fields of expertise nciude
sﬁﬁydnm@mcuﬂmh&hm:ﬂmﬁem medictive :«ﬂ?wmm %
7 |

data systems: markzting channel insghts i Paid Search, SE0, Sacaal, O

https://github.com/okul
bilisim/awesome-
datascience



Data Curation and Stewardship

Services and tools

Data management planning
Selection and appraisal
Metadata, provenance
Migration

Economics
Infrastructure

http://www.librarygirl.net/2013/08/putting-your-best-foot-forward-tl.html



Reuse across place and time

Reuse by investigator

Reuse by collaborators
Reuse by colleagues

Reuse by unaffiliated others

Reuse at later times
— Months

— Years

— Decades

— Centuries
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Knowledge Infrastructures:
Intellectual Frameworks and Research Challenges

Report of a workshop sponsored by the National Science Foundation and the Stoan Foundation

University of Michigan School of information, 25-28 May 2012

//knowledgeinfrastructures.org

http



Big Data, Little Data, No Data:
Scholarship in the Networked World

e Part |: Data and Scholarship
— Ch 1: Provocations
— Ch 2: What Are Data?
— Ch 3: Data Scholarship
— Ch 4: Data Diversity
e Part |l: Case Studies in Data Scholarship
— Ch 5: Data Scholarship in the Sciences
— Ch 6: Data Scholarship in the Social Sciences
— Ch 7: Data Scholarship in the Humanities
* Part lll: Data Policy and Practice
— Ch 8: Releasing, Sharing, and Reusing Data
— Ch 9: Credit, Attribution, and Discovery
— Ch 10: What to Keep and Why

BIG DATA,
LITTLE DATA,




If Data Sharing is the Answer,
What is the Question?

Alfred P. Sloan Foundation, 1 July 2015 to 30 June 2018; Joshua
Greenberg, Program Officer

UCLA Information Studies, Christine Borgman, Principal
Investigator; Peter Darch, Ashley Sands, Irene Pasquetto, Milena
Golshan, Bernadette Randles

Project Goal

— The project will develop new models of scientific data practices that
will inform science policy, practice, and the design of knowledge
infrastructures.

Objectives

— Our objectives are to identify how disciplinary configurations, scale,
and methods of data collection influence the circulation of data. Our
findings will assist multiple stakeholders in improving the transfer of
data and knowledge between contexts, in developing and adopting
appropriate tools and infrastructure, and in investing in the expertise
necessary to leverage scientific data.

UCLA




Data Archiving and Networked Services Nederlands English  Contact

PANS

HOME DEPOSIT SEARCH TRAINING AND CONSULTANCY PROJECTS ABOUT DANS NEWS AND EVENTS

DANS promotes SUStained acCcess to digital l

regsearch data files and encourages researchers

to QrChive and reuse data.

ARCHIVING

Deposit your datasets in EASY
or send research data and

REUSE

Find datasets, publications,
researchers, projects and

TRAINING & CONSULTANCY

Let DANS advise you on data
management and certification of

publications to NARCIS.

institutions via NARCIS and EASY.

digital archives.

DEPOSIT SEARCH ADVICE FROM DANS

* Questions * |nvestigators
— Who contributes data to DANS? — Andrea Scharnhorst
— Who retrieves data from DANS? — Henk van den Berg
— What do people do with data from DANS? — Christine Borgman
— What roles do archivists play in these — Andrew Treloar
processes?

— Herbert van de Sompel



Data Archiving and Networked Services
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