Evolution or revolution?
The changing data landscape

Dr Liz Lyon, Associate Director, UK Digital Curation Centre
Director, UKOLN, University of Bath, UK

2nd DCC Regional Roadshow, Sheffield, March 2011

UKOLN is supported by: “SC

This work is licensed under a Creative Commons Licence
Attribution-ShareAlike 2.0

www.ukoln.ac.uk
N . A centre of expertise in digital information management

UKOLN




RCUK Review of e-Science 2009

BUILDING A& UK FOUNDATION FOR THE TRANSFORMATIVE
ENHANCEMENT OF RESEARCH AND INNOVATION

“Data sets
are becoming
the nhew
Instruments
of science”

Dan Atkins, Univ Michigan

RESEARCH L THE ROYAL
COUNCILS UK SOCIETY




Digital data
as the new
special
collections?

Sayeed Choudhury, Johns Hopkins
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Perspectives

* Environmental scan
— Scale and complexity
— Infrastructure
— Open science

* Policy
— Funders

— Institutions
— Ethics & IP

* Practice Challenges

— Storage
— Incentives
— Costs & Sustainability
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“The costs of sequencing DNA has taken a
nosedive...and is now dropping by 50% every 5 months”.

cience .
S “A single sequencer can now
i generate in a day what it took 10
e years to collect for the Human

Genome Project”.

"The 1000 Genomes Project generated more
DNA sequence data in its first 6 months than
GenBank had accumulated in its entire 21

year existence”.

“] worry there won’t be enough people

around to do the analysis.”
Chris Ponting, University of Oxford



‘the amount of data generated
worldwide...is growing by 568% per year;
in 2010 the world generated 1250 billion
gigabytes of data”

Figure 1: The Digital Universe 2009 - 2020
Growing by a Factor of 44

The Digital Universe Decade —
Are You Ready?
IDCC White Paper, May 2010

*Zettabyte = 1 trillion
gigabytes

Source: |DC Digital Universe Study, sponsored by EMC, May 201C




Data collections

GenBank

PDB
UniProt

Pfam
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Why the Future of Business
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Complex data pipelines " Sage
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Distributed gene

expression & clinical

traits data

Taverna workflows
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Infrastructure Roadmap

Native 05 based client
{not yet rzady for demo)
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Personal data
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Infrastructure Roadmap 155,

Infrastructure for Integration in Structural Sciences
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A Digital Curation Centre and [ISC Legal

Panton Principles| == IsClga

Principles for Open Data in Science

How to License
Research Data

Alex Ball (DCC)

g0l KNOWLEDGE

OFEN RLul:RE:

IS CONTENT

OFEN BElLa%i4

Digital Curation Centre, 2011.
Licensed under Creative Commons BY-NC-SA 2.5 Scotland:

http: //creativecommons.org/licenses/by-nc-sa/2.5/scotland/

Open Definition

Defining the Open in Open Data, Open Content and Open Services




CITIZEN SCIENCE (®

“The CSA is a collaboration of scientists, software developers
and educators who collectively develop, manage and utilise
internet-based citizen science projects in order to
further science itself, and the public understanding of both
science and of the scientific process. These projects use the
time, abilities and energies of a distributed community of
citizen scientists who are our collaborators ”

GALAXY ZG>O




Document nature with your
mobile phone.

Yasser Ansari
sl G C|t|zen
interesting organism and share it
with the community.
asS
sclientist

Lol - ”y Available on the
o y D App Store

- &5 Download for

'W' Android

scienceforcitizens



News @ Sport  Weather | iPlayer | TV

take part in groundbreaking science

SO W Validate
Brai est Britain - The Results | resu ItS data

Letter

Accepted 29 March 2010; Published online 20 April 2010

Putting brain training to the test

Adrian M. Owen, Adam HampshireX, Jessica A. Grahn*, Robert
StentonZ, Said Dajani2, Alistair S. Burns2, Robert 1. HowardZ & Clive
G. Ballard2

1. MRC Ceognition and Brain Sciences Unit, 15 Chaucer Road, Cambridge CB2
7EF, UK

2. King's College London, Institute of Psychiatry, De Crespigny Park, London
SES 8AF, UK

3. University of Manchester and Manchester Academic Health Science Centre,
Manchester M13 SPL, UK




Sage Commons: Josh Sommer, Chordoma Foundation

P ati e n tS Creative Commons
Participate!
Project
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PubMed papers
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Sage Congress
San Francisco April 2010
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sobeeN.  NERC Data Policy

RESEARCH COUNCIL

e This new version of the NERC Data Policy was
approved by the NERC Executive Board in
September 2010, and comes into force in
January 2011; however, the requirement for
data management plans will not be implemented
until 2012, to allow NERC time to implement
new grant application and review processes fully
as part of the migration of grant processing to

. the RCUK Shared Service Centre.
Policy

9. Working with the environmental science
community NERC will maintain criteria to
identify environmental data of long-term

‘ value (a Data Value Checklist). These
criteria will be used to inform all decisions

that NERC makes on the acceptance and
disposal of data by its data centres.




bW NERC Data Policy

RESEARCH COUNCIL

o

E 11. All applications for NERC funding must
include an outline Data Management Plan,
which must identify which of the data sets
being produced are considered to be of
long-term value, based on the criteria in
NERC's Data Value Checklist. The funding

" application must also identify all resources
POl ICy needed to implement the Data
Management Plan.

12. The outline data management plan will be
evaluated as part of the standard NERC
grant assessment process. All successful
applications will be required to produce a
detailed data management plan in
conjunction with the appropriate NERC
data centre.




25 BBSRC

biosctence for the future

Data Sharing in the

Biosciences

s The benelits of shanng data

« Howdatacan be made

available

—

—

Policy

welilcomerust

Policy statement

1. The Wellcome Trust expects all of its funded researchers to maximise the
availability of research data with as few restrictions as possible.

2. All those seeking Wellcome Trust funding should consider their approach for
managing and sharing data at the research proposal stage.In cases where the
proposed research is likely to generate data outputs that will hold significant
value as a resource for the wider research community, applicants will be
required to submit a data management and sharing plan to the Wellcome Trust
prior to an award bring made.

3. The Wellcome Trust will:

® review data management and sharing plans, and any costs involved in
delivering them, as an integral part of the funding decision

® work with grant holders on an ongoing basis to support them in
maximising the long-term value of key datasets resulting from their
research.



National Science Foundation

WHERE DISCOVERIES BEGIN

Dissemination and Sharing of Research Results

NSF Data Sharing Policy

Investigators are expected to share with other researchers, at no more than incremental cost and
within a reasonable time, the primary data, samples, physical collections and other supporting
materials created or gathered in the course of work under NSF grants. Grantees are expected to
encourage and facilitate such sharing. See Award & Administration Guide (AAG) Chapter VI.D.4.

NSF Data Management Plan Requirements

Proposals submitted or due on or after January 18, 2011, must include a supplementary
document of no more than two pages labeled "Data Management Plan”. This supplementary
document should describe how the proposal will conform to NSF policy on the dissemination and

sharing of research results. See Grant Proposal Guide (GPG) Chapter I1.C.2.] for full policy
implementation.

NSF-OCI TASK FORCE on
Data and Visualization :
Report coming soon....




UNIVERSITY of CALIFORNIA It starts here | B .

Data management planning tool in development

A group of major research institutions is partnering to develop a flexible online tool to help researchers generate data
management plans. This effortis in response to demands from funding agencies, such as the National Science Foundation
(NSF) and the National Institutes of Health (NIH), that researchers plan for managing their research data.

The partners in this projectinclude the University of California Curation Center (UC3) atthe California Digital Library, the UCLA
Library, the UCSD Libraries, the Smithsonian Institution, the University of Virginia Library, the University of lllinois at Urbana-
Champaign, DataONE, and the United Kingdom's Digital Curation Centre (DCC).

International collaboration around
the DCC DMPOnline tool



Institutional perspective

* Creating & organising data
« Storage and access

« Back-up

* Preservation

« Sharing and re-use

The majority of people
felt that some form of
policy or guidance was
needed....

== RS

INncrementa

Scoping study and implementation plan

A pilet project for supporting research data managament'

B ¥ UNIVERSITY OF ! University Funded by
¥ CAMBRIDGE f Glasgow " ¢/
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Jeff Haywood, RDMF V October 2010 http://www.dcc.ac.uk/sites/
default/files/documents/RDMF/RDMF5/Haywood.pdf



“It's hard to overcome your
personal investment... it's
like giving away your baby”

N “Datov
—= shawing was

While many researchers are MOVve V%ddy

positive about sharing data in discussed by

pripciple,llthe); are almost early cowreer
universaily re uc.:tant In reseowchers.”
practice. ..... using these

data to publish results before

anyone else is the

primary way of gaining

prestige in nearly all

disciplines.” INCREMENTAL Project



Sharing of Data Leads to Progress on
Alzheimer’s

] Alzheimer’s Disease Neuroimaging Initiative:
By GINA KOLATA -

a unique (open) $60M partnership between
NIH, FDA, universities and drug companies.

“It was unbelievable. Its not science the way
most of us have practiced in our careers. But
we all realised that we would never get
biomarkers unless all of us parked our egos
and intellectual property noses outside the
door and agreed that all of our data would be
public immediately.”

Dr John Trojanowski, University of Pennsylvania



University told to hand over tree ring data - April 15, 2010

B|B|C

NEWS

Data I1s headline news

FOI & RESEARCH DATA:
RESEARCHERS” QUESTIONS AND
AN S W E R S Posted by Daniel Cressey on April 15, 2010

Table of Contents Comments by Section Comments by Users General Comments Login J I S C F I F ! Q

TABLE OF CONTENTS

There are 51 comments in this document

L. Introduction (3) The general rule is that the Data Protection Act trumps Fol/EIR. Both

2. Q1 How do I recognise a Fol or Fol Acts make personal data, of which the requester is the subject, researc h
EIR request? (2) exempt inf(ilrnl'itlion ({here dis a ﬂ?intl]ill{ar e;&(;:e%tion Bnder E'IR)ATh(ef
s requester should apply under the -wide Data Protection Act (for - f H
3. Q2 What’s the short answer on what \V}?ich different rules, timescales and fees apply). If the requester is nmorn lat 1on
I should do if asked for data? (7) not the subject of the personal data, the exemptions become more g
complicated, although our “general rule” above is likely to apply. - netwo rk
4. Q3 Why should I make my data Always discuss such ¢ [...]

available? (5)

- Q1 How longlave L g0 espon Regional workshops

6. Q5 I don’t want to provide my data.
What must I do first? (1)



1000 Genomes Project Releases Data from Pilot Projects on
Path to Providing Database for 2,500 Human Genomes

Freely available data supporting next generation of human genetic research

1000 Genomes a D
A Deep Catalog of Human Genetic Variation /'\f f“’ : 4 P4 medICIne-

Predictive
Desmond Tutu's genome sequenced as J
part of genetic diversity study .
Archbishop Desmond Tutu has had his genome sequenced in P e rS O n a I I S e d
research to reveal the true breadth of human genetic diversity |

n

lan Sample, science correspondent P reve n tl Ve
guardian.co.uk, Wednesday 17 February 2010 18.02 GMT
Aricle history ,

Participatory.

Leroy Hood —
Institute for Systems Biology

Your genome is basis for
your medical record




2zandMe  Open data and ethics

Buy a DIY kit
Share your data?

Get the latest on your DNA with $399 and a tube of saliva.

Here's what you do:

—
3. L
= -,
I‘

XWelcome to You
<
.’1, -

1. Order a kit ($399 USD) from

2. Claim your Kit, spit into the
our online store.

3. Our CLIA-certified lab analyzes 4. Log in and start exploring your
tube, and send it to the lah. yOour DNA In 2-4 weeks.

genome.



Open data and ethics

- Bring your genes to CAL ., . -
» UC Berkeley personalised K
medicine initiative A
* >700 new students have
submitted a genetic sample and a
consent form

» Aggregate analyses for three
genes related to nutrition
 Implications for UK HE students

& staff?
N2

\
¥ |

ele




Policy Gaps...

» Is Policy disconnected
from Practice?
— Data Sharing
— Data Licensing
— Ethics and Privacy

— Citizen Science &
Public Engagement

— Data Storage,
Selection & Appraisal

— Data Citation and
Attribution




http.//www.flickr.com/photos/mattimattila/3003324844/

- ™
‘I just back everything up

onto data sticks. | didn't
even know you could
back-up to servers”,

N \ﬁ
“Departments don’t have guidelines or

norms for personal back-up and researcher
procedure, knowledge and diligence varies

tremendously. Many have experienced
moderate to catastrophic data loss”

Incremental Project Report, June 2010



_ Scaleable Data storage...

— Cost-effective (rent on-demand)

— Secure (privacy and IPR) T ri‘
— Robust and resilient \\‘ \\‘ \
— Low entry barrier / ease-of-use

— Has data-handling / transfer /
analysis capability

ol

Sequencing labs

@ LB
o
» Cloud services? g 14

The case for cloud computing in genome
informatics. Lincoln D Stein, May 2010 Genome Biology



@hc .'N(‘\ll uork @’im ¢s When American and European Ideas of Privacy Collide

Iy ADAM LIPTAK
*ublished: Februany 27, 2010

WORLD PRIVACY FORUM

Privacy in the Clouds:
Risks to Privacy and Confidentiality from Cloud
Computing

Prepared by Robert Gellman
for the World Privacy Forum

February 23, 2009

Cloud Computing for
Research

The Window Conference Centre, London, Tuesday 20
July 2010

RESEARCH
COUNCILS UK

European Data Privacy Restrictions
Slow Cloud Computing Spread

Posted by Lora Bentley 21-Sep-201016:00:17

Your data in the cloud

[e#8 THE ROYAI D
®I& SOCIETY

I
Cloud Matters: Ethics and Policy in the Digital Age

6" July 2010, Royal Society

REPORT




Community Services

HEFCE

DCC
Services

EduBox

Disaster VM UMF cloud
Recovery | launch pad infrastructure

... AcessControl __________ model:new
u DCC role

Common Cloud Service Bus (CSB)

1

/Public Clouds A Janet JISC Community CloudConsortium
m Brokerage
mazon || Microsoft | /b —)
- & «==" Eduserv. MIMAS Other
AWS PPN Connectivity

\_

J Services

Private Clouds




Editorial nature

Nature Cell Biology 11, 1273 (2009) Cell blOl()gy I n Ce n t i Vi S i n g

Sharing data d ata

Reference datasets should be accessible independently of scientific
papers in a citable form, allowing attribution.

e management

OPINION Let's make science metrics more scientific

To capture the essence of good science, stakeholders must combine forces to create an open, sound and
consistent system for measuring all the activities that make up academic productivity, says Julia Lane.

Correspondence

S A
N PLOS COMPUTATIONAL et

BIOLOGY doi:10.1038/nbt1109-984b

Scholar Factor (SF) Accreditation and attribution in data sharing
Philip E. Bourne—, J. Lynn Fink —
Gudmundur A Thorisson= Ilature

| 1. Department of Genetics, Univer biotechnology
Credit where credit is overdue

A universal tagging system that links data sets with the author(s) that generated them is essential to promote data
sharing within the proteomics and other research communities.




Beyond the PDF Workshop, January 2011

« Concept of “reproducibility”

» Executable papers

« Data papers

* Links to data, workflows, analyses (GenePattern)
within a document

« Post-publication peer review

 Alternative impact metrics : downloads, slide reuse,
data citationp)YouTube views etc.
 La Jolla Manifesto : guiding principles for digital

scholarship

Jodi Schneider, Ariadne, Issue 66, January 2011
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Process

(Taverna workflow)

0

Citation Chains DataCite

Research
Object

Citation Framework

Publication
Data Commons (Nature PG,
(Sage) Credit & Atfribution PLog)
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Slide : Peter Li

i

- The relationships between

e data via DataCite DOIs with
| tools are captured by the
Taverna workflow provenance (OPM)

produced by Taverna

4

= Workflow
=N metadata
5 Data
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" For referring to data
DataCite API reported in the )
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Blue Ribbon Task Force

on Sustainable Digital Preservation and Access

SustainablEECOREINEH Ddaaital Planet:

Ensuring Long-Term Access to Digital Information

February 2010

Sustainability:
N0 owns”?

no benefits?
no selects?

NO preserves?
NO pays?

=S=S===

4 Domain areas




Keeping Research Data Safe Factsheet

Costissues in digital preservation of research data

This factsheet illustrates for institutions, researchers, and funders some of the key findings and rec

dations

from the JisC-funded Keeping Research Data Safe (KRDS1) and Keeping Research Data Safe 2 (KRDS2) projects.
Further information on the research and findings can be found in the final reports.

What Costs Most?
Acquisition and ingest costs most. The costs of archival storage and

preservation activities are consistently a very small proportion of the overall

costs and significantly lower than the costs of acquisition/ingest or access

activities for all our case studies. Note we believe early preservation action
during ingest or pre-ingest produces lower costs over the lifecycle as a whole.

(KRDS1, p.25; KRDS2, pp.31-52)

Activity Costs for the Archaeology Data Service

Outreach/ Acquisition/ Archival Storage and Access

Ingest Preservation

€.55% c. 15% c 31%
Impact of Fixed Costs

» The costs of long-term data curation/preservation are dominated by
fixed costs that do not vary with the size of the collections;

« staff are the major cost component overall and there is 3 minimum
base-level of staff cover, skills and equipment required for any
service;

* Activities characterised by significant fixed costs can reduce the per-

unit cost of long-term preservation by leveraging economies of scale.

(KRDS2, pp.32-34, 79-80)

Declining Costs over Time

Recommendation to
Funders

From our research, it is likely
that the largest potential cost
efficiencies will come from
future tool development
supporting automation of
ingest and access activities for
curation and preservation.
(KRDS2, p.83)

Recommendation to
Institutions

Repositories should take advantage of
economies of scale, using multi-
institutional collaboration and
outsourcing as appropriate. Once core
capacity is in place additional content
can be added at increasing levels of
efficiency and lower cost. (KRDS1,
pp.77-78)

We found a trend of relatively high preservation costs in the early years reducing substantially over time for data
collections. An example is the preservation costs projected for the Archasology Data Service (ADS) based on their
experience of the first 10 years of operating the data service. (KRDS1, pp.4-6)

5-Yearly & Cumulative Cost for
Refreshment in ADS

/ B Refreshment Cost

' . ¢ Cumulative Cost

5 10 Years 15 20

5

Cost (p/Mb)
8

o
I

Costs for archival storage and preservation (“refreshment”) decline
to @ minimal level over 20 years

>

Recommendation to

Funders and Institutions

The implications of these factors and
projection for sustainability of data
archives e.g. via archive charges to
project budgets, are notable and
worthy of more extensive study and
testing. (KRDS1, pp.5-6)

KRDS

Charles Beagrie

KEEPING RESEARCH DATA

SAFE 2

Neil Beagrie, Brian Lavoie and Matthew Woollard
with contributionz bf the Univerzities of Cambridge, Cxford, and Scutharnpton, the
Aschasclogf Data Service, OCLC Research, UK Data Archive, ard Universitf of London

Computer Centre.

Final Report - Apeil 2010

Prapared of:

Chares Baagrie Limted

waw |he.com

A studf fundad of

JISC

With zupport from OCLC Research and the UK Cata Archive
Copfright HEFCE 2010

The authors have ass2ned their moral rights in this work




An Idealised Scientific Research Data
Lifecycle Model

Sct olarly Caowlecge

252

Infrastructure for Integration in Structural Sciences

Publications Publish Citations. References : Research Concept Write Proposal
Database Research |~ > Discover, Access, > and/or 'I (include DMP) I
< Validate, Reuse E ; Desi
L . Research Outputs xperiment Design
Papers, articles, & Repurpose Data l
presentations,
reports t Peer-review Proposal
Peer
Review I IPR, Embargo & Access Control I Comments
annotations,
T i ratings etc.
Prepare Archive, Preservation & Curation I Start Project I
Manuscript (OAIS conformant; Representation Information etc.)
T i User registration
data; Instrument
Prepare Documentation, Metadata & Storage allocation data
Supplementary (Reference, Provenance, Context, Calibration etc.) ete.
Data I Acquire Sample I
Results Data Processed Data Derived Data Raw Data
T Risk
: . t
Write Interpret & Process & Check & Clean Conduct Experiment Zistz,ssorgf’;
Usage ¢ Analyse <«—| Analyse Raw Data Generate, Create, sample data
Report Results Data Derived Data & Collect Raw Data
I Appraisal & Quality Control I
I Programs (generate customised software) I

I Research Activity I Administrative Activity Information Flow

KEY:

v

I Curation Activity I Publication Activity




KRDS Activity Model Benefits & Metrics

Use Case 1 : National Crystallography Service
Use Case 2 : Researcher in the lab

Activity e.g. Write proposal, conduct experiment,
analyse raw data

Key resources to measure e.g. Time spent, staff
salary

Metrics e.g. Time savings for researcher, times
savings for facility, increased output, % data
available for re-use

Qualitative impacts e.g. Research quality,
knowledge transfer to industry




Research Data Management Forum 6

Planning for Research Data Management:
“Meeting funder imperatives”
9-6 May 2011, University of Leicester

Data Infrastructure Challenges: working across scale, disciplinary
and institutional boundaries,
oth May 2011, University of Leicester

| Y
- o ® [t
! -
Infrastructure for Integration in Structural Sciences e I

Umversity of

" Leicester



