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Research Data Management

Image CC-BY-SA by Janneke Staaks www.flickr.com/photos/jannekestaaks/14411397343




Describe in three words at most N
what RDM means to you?
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Describe WHY manage your data N
and the benefits?

Pause scroll
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What benefits are there to freely R
sharing data?

Pause scroll
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Why manage and share data?

Direct benefits for you

* To make your research
easier!

e Stop yourself drowning
in irrelevant stuff

* Make sure you can
understand and reuse
your data again later

* Advance your career —
data is growing in
significance

Research integrity

* To avoid accusations of
fraud or bad science

* Evidence findings and
enable validation of
research methods

* Meet codes of practice
on research conduct

* Many research funders
worldwide now require
Data Management and
Sharing Plans

Potential to share data

* So others can reuse and
build on your data

e To gain credit — several
studies have shown
higher citation rates
when data are shared

* For greater visibility,
impact and new
research collaborations

* Promote innovation and
allow research in your
field to advance faster




What is Research Data Management?

“the active management and

appraisal of data over the

lifecycle of scholarly and

scientific interest”

Data management is part of
good research practice




What is involved in RDM?

Data Management Planning
Data creation
Annotating / documenting data

Analysis, use, versioning
Storage and backup

Publishing papers and data
Preparing for deposit

Archiving and sharing

Licensing
Citing...




Why make data available?

"It was *never* acceptable to publish papers without making data available."

- Ewan Birney

#OpenData
#OpenScience

S

Original image via doi:10.1038/461145a. “Research cannot flourish if data are not preserved and made

accessible. Data management should be woven into every course in science.” - Nature 461, 145




Making plans

They sound dull, but dato -management plans
are essential, and funders must explain why.
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Why make data available?
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For the record

Making project data freely available is vital for open science.

BY QUIRIN SCHIERMEIER

hen Marjorie Etlque leamt that she

had to crezte 3 data-management

plan for her next research project,
she was Dot sure exactly what to do.

The soll chemist, 2 postdoc at the swis
Federal Institute of Technology (ETH) In
Zurich, studles the Interaction of trace ale-
menis in sediments and water. While prepar-
ing & grant proposal for the Swiss National
Sclence Foundation Lst October, sha learnt
of the funder’s new data nules. These require
applicants to provide a written plan for the
organtzation and long-term storage of their
research data, to help mimmize the risk of data

loss and provide gusdance for other sclentists
on haw to wse the data In the fiture.

Etlque found the task daunting. “Data
management Is really not my primary skill;” she
says. "1 had ahsolistely no1dea how to go about
1t” she was able ti get adwice from her supervi-
sor and from ETH: digttal Hhrary senice Other
ressarchers might not be so lucky, and might
oot even know what 2 data-management plan
s—1 wiould need

to produce It Here, we answer these questions.

'WHAT ARE DATA-MARAGEMENT PLANS?

A data-management plan explains how
researchers will handle thetr data during and
after a project, and encompasses creating.

sharing and preserving research data of any
type, Jn:ludl.ng text, aprendsheets I.maa!s.
mindels, 2lgorit 13
dies noé matter whether the data are genarated
bry large plieces of research equipment, such a5
Imaging tools or particle accelerators, or from
stralghtforward fleld observation.

Many fundars zre asking grant applicants to
provide data plans. Requirements vary from
onediscipling to another But In general, sclan-
tists will need to describe — bafore they begin
any research — what data they will geneTate;
hiw the data will be documented, describad,
secured and curated; and who will have access
to those dats after the resezrch 1s completed.
They must also explatn any dats sharing and
reuse restrictions, such aslegal and confiden-
tiality 1ssues. Researchers can consult thelr
funderand thetr host Instttutes dighta] Ibrary
sarvices for assistance. Colleaguwes who have

previousty produced data plans may also ba
able to help {see ‘Keeping stock’).

WHD HEEDS THEW?

Data management is one example of the way
in which public research sponsors and research
Institutions are implementing ‘open sclence,
the push to make scientific research znd data
freely accessible. Many funding agencies
have made datz-mansgement plans manda-
tory for grant spplicants In the past decada
or s0. All US federal agencies, Including the
Nattonal Sclence Foundation and the National
Institutes of Health, have such policles. Data-

st Included
in grant proposals to the European Resaarch
Council and other Furopean Unton-funded
rassarch programmes. And many national
funding sgencles In Europe — Incheding the
UK resazrch counclls and the London-based
Welloome Trust, world’s largest blomedical
resgarch charity — also ask for data plans.

Many scientlsts already practise data
manzgement by default. Astronomers, for
example, have been dolng so for decades whan
calibrating thelr chservations and archiving
huge amounts of telescope-survey data In
standardized, machins-readable catzlogues
for reuse.

Genetlclsts, too, use special data reposl-
torles to archive the vast amounts of DMA
and genome-sequencing data (ses po.nature.
comy'2omirbe). But less data-intenstve flelds of
sclence and soclal research also benefit from
data management. For example, geochemists
analysing soll bacteria and mineral products
in different environments can use it to ¥

15 MARCH FOIB | VOL 555 | NATURE | 403
5 2018 MacTmilan Fubiishars Limiter, part of Sprirger Natura. A rights ressarved



https://www.nature.com/articles/d41586-018-03071-1

Sharing leads to breakthroughs

Sharing of Data Leads to Progress on Alzheimer’s
By GINA KOLATA

Published: August 12, 2010

In 2003, a group of scientists and executives from the National

Institutes of Health, the Food and Drug Administration, the drug and
medical-imaging industries, universities and nonprofit groups joined

in a project that experts say had no precedent: a collaborative effort to

find the biclogical markers that show the progression of Alzheimer’s

disease in the human brain.

@ Enlarge This Image  INOW, the effort is bearing fruit with a
. wealth of recent scientific papers on
the early diagnosis of Alzheimer’s
using methods like PET scans and
tests of spinal fluid. More than 100

studies are under way to test drugs
that might slow or stop the disease.

And the eollaboration is already serving as a model for

»
p k- |
Q similar efforts against Parkinson’s disease. A $40 million
- project to look for biomarkers for Parkinson’s, sponsored
‘ by the Michael J. Fox Foundation, plans to enroll 600
! study subjects in the United States and Europe.

www.nytimes.com/2010/08/13/health/research

/13alzheimer.html?pagewanted=all& r=0

“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

...and increases the speed of discovery




Benefits for you:
sharing data increases citations!

Want evidence?

* Piwowar, Vision — 9% (microarray data)
 Drachen, Dorch, et al = 25-40%, astronomy
* Gleditch, et al — doubling to trebling (international relations)

Open Data Citation Advantage

http://sparceurope.org/open-data-citation-advantage



http://sparceurope.org/open-data-citation-advantage

FAIR Principles

Image CC-BY-SA by Janneke Staaks www.flickr.com/photos/jannekestaaks/14411397343




Is there a reproducibility crisis?

7% 52%
Don’t know Yes, a significant crisis
3% l |
No, there is no
crisis —— Baker, M. (2016)

“1,500 scientists lift
the lid on
reproducibility”,
Nature, 533:7604,

http://www.nature.com/n

1,576

researchers
surveyed

ews/1-500-scientists-lift-

the-lid-on-
reproducibility-1.19970

389, —
Yes, a slight
crisis

onature



http://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970

RESEARCH DATA - OPEN BY DEFAULT

FAIR
DATA!

Accessible@ : :
| ]
| ]
Findable @\ | A

oooooooooooooooooooooooooooooooo

i

Interoperable

Re-usable

Research and Innovation

= Commission




Who has heard of FAIR?

Edable Aooessible nteroperable Reusable
X Y
JORGE- IR

Image CC-BY-SA by SangyaPundir



https://commons.wikimedia.org/wiki/File:FAIR_data_principles.jpg

What FAIR means: 15 principles

Findable:

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

F2. data are described with rich metadata;

F3. metadata clearly and explicitly include the
identifier of the data it describes;

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

Interoperable:

11. (meta)data use a formal, accessible,
shared, and broadly applicable language
for knowledge representation.

12. (meta)data use vocabularies that follow
FAIR principles;

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

Accessible:

Al. (meta)data are retrievable by their identifier
using a standardized communications protocol;

Al.1 the protocol is open, free, and universally
implementable;

Al.2. the protocol allows for an authentication
and authorization procedure, where necessary;

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

Reusable:

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 usage license;

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

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

doi: 10.1038/sdata.2016.18 , , ,
Slide CC-BY by Erik Schultes, Leiden UMC




All research data

the
wild




Increasing that which is FAIR & open

Managed data

FAIR
data




Openness at every stage

Preserve
Share

Document

Change the
typical lifecycle

Publish earlier
and release
more

Papers + Data +
Methods +
Code...

Support
reproducibility




as open as possible,
as closed as
hecessary

Image: ‘Balancing rocks’ by Viewminder CC-BY-SA-ND
www.flickr.com/photos/light_seeker/7780857224




How FAIR are your data?

row FAIR sreyour dase? * Complete the FAIR data
Findable
It should be possible for othersto discover your data. Rich metadats should be available online ina L4
searchable resource, and the data should be assigned = persistent identifier. C e C I St

A persistent identifier isassigned to your data
There are rich metadats, describing your data

The metadatas are online in 2searchable resource e.g. a catslogue or data repository

The metadata record spacifies the persistent identifier

Accessible

It should be possible for humans and machinesto gain access to your data, under specific conditions

= L] []
or restrictions where appropriste. FAIR does not mean that data need to be open! There should be . a S e e‘ I S I O n S O I l OW

metadata, evenifthe data aren’t accessible.

Following the persistent |D will take you to the dats or zssocisted metadsts

The protocol by which data can be retrieved follows recognised standards &.g. http yO u C u r re nt y I I I a n a ge
The sccess procedure includes suthentication and authorisstion steps, ifnecessary

Metadata are sccessible, wherever possible, even ifthe datz sren’t

and share your data

D=tz and metadata should conform to recognised formats and standards to sllow them to be

combined and exchanged.

Diata is provided in commanly understood and prefersbly open formats

The metadata provided follows relevant standards

Controlled vocsbulzries, keywords, theszuri or ontologies zre used where pozsible
Quazlified referancesand links zre provided to other related data

 Which are the most

Lotsof documentstion is needed to support data interpretation and reuse. The data should conform

L]
to community norms and be clearly licensed so others know what kinds of reuse are permitted. C h a | | e n g I n g a S p e CtS Of

The dats are accurste and well described with many relevant sttributes

The dats have 2 clear and accessible data ussge license

Itis clear how, why and by whom the data have been crested and processed FA I R to m eet?
The data and metadata meet relevant domain standards [ ]

I'1I)-'-\ AAD(:AQ&-\;IJM ntanoperable R&Bﬂbc
O @j {% Er

‘How FAIRare your data? checklist, CC-BY by Sarah Jones B Marjan Grootveld, EUDAT. Image CC-BY-5A by Sanaya Pundic




Creating data

Image CC-SA-ND by Bill Dickinson www.flickr.com/photos/skynoir/8270436894



Data creation tips

Ensure consent forms, licences and agreements
don’t restrict opportunities to share data

Choose appropriate formats
Adopt a file naming convention

Create metadata and documentation as you go




Ask for consent for data sharing

If not, data centres won’t be able to accept the data
— regardless of any conditions on the original grant.

SAMPLE CONSENT STATEMENT FOR QUANTITATIVE
SURVEYS

Thank you very much for agreeing to participate in this
survey.

The information provided by you in this questionnaire
will be used for research purposes. It will not be used in
any manner which would allow identification of your
individual responses.

Anonymised research data will be archived at .......... in

order to make them available to other researchers in
line with current data sharing practices.

www.data-archive.ac.uk/create-manage/consent-ethics/consent?index=3



http://www.data-archive.ac.uk/create-manage/consent-ethics/consent?index=3

What file formats do you use?

@ Slide is not active  Activate ®
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Choose appropriate file formats

Different formats are good for different things
- open, lossless formats are more sustainable e.g. rtf, xml, tif, wav

- proprietary and/or compressed formats are less preservable but are often
in widespread use e.g. doc, jpg, mp3

. BioformatsConverter batch converts a
One format for ana|y5|5 then variety of proprietary microscopy image

formats to the Open Microscopy
Environment format - OME-TIFF

convert to a standard format

Data centres may suggest preferred formats for deposit




Type of data

Recommended formats

Acceptable formats

Tabular data with extensive metadata
variable labels, code labels, and defined missing values

SPSS portable format (.por)

delimited text and command ('setup’) file (SPSS, Stata, SAS, etc.)
structured text or mark-up file of metadata information, e.g.
DDI XML file

proprietary formats of statistical packages: SPSS (.sav), Stata
(.dta), MS Access (.mdb/.accdb)

Tabular data with minimal metadata
column headings, variable names

comma-separated values (.csv)
tab-delimited file (.tab)
delimited text with SQL data definition statements

delimited text (.txt) with characters not present in data used as
delimiters

widely-used formats: MS Excel (.xIs/.xIsx), MS Access
(.mdb/.accdb), dBase (.dbf), OpenDocument Spreadsheet (.ods)

Geospatial data
vector and raster data

ESRI Shapefile (.shp, .shx, .dbf, .prj, .sbx, .sbn optional)
geo-referenced TIFF (.tif, .tfw)

CAD data (.dwg)

tabular GIS attribute data

Geography Markup Language (.gml)

ESRI Geodatabase format (.mdb)

Maplnfo Interchange Format (.mif) for vector data
Keyhole Mark-up Language (.kml)

Adobe lllustrator (.ai), CAD data (.dxf or .svg)
binary formats of GIS and CAD packages

Textual data

Rich Text Format (.rtf)
plain text, ASCII (.txt)
eXtensible Mark-up Language (.xml) text according to an
appropriate Document Type Definition (DTD) or schema

Hypertext Mark-up Language (.html)
widely-used formats: MS Word (.doc/.docx)
some software-specific formats: NUD*IST, NVivo and ATLAS.ti

Image data TIFF 6.0 uncompressed (.tif) JPEG (.jpeg, .jpg, -ip2) if original created in this format
GIF (.gif)
TIFF other versions (.tif, .tiff)
RAW image format (.raw)
Photoshop files (.psd)
BMP (.bmp)
PNG (.png)
Adobe Portable Document Format (PDF/A, PDF) (.pdf)
Audio data Free Lossless Audio Codec (FLAC) (.flac) MPEG-1 Audio Layer 3 (.mp3) if original created in this format
Audio Interchange File Format (.aif)
Waveform Audio Format (.wav)
Video data MPEG-4 (.mp4) AVCHD video (.avchd)

OGG video (.ogv, .0gg)
motion JPEG 2000 (.mj2)

Documentation and scripts

Rich Text Format (.rtf)
PDF/UA, PDF/A or PDF (.pdf)
XHTML or HTML (.xhtml, .htm)
OpenDocument Text (.odt)

plain text (.txt)

widely-used formats: MS Word (.doc/.docx), MS Excel
(.xls/.xlsx)

XML marked-up text (.xml) according to an appropriate DTD or
schema, e.g. XHMTL 1.0

https://www.ukdataservice.ac.uk/manage-data/format/recommended-formats



https://www.ukdataservice.ac.uk/manage-data/format/recommended-formats

How will you organise your data?

An example netCDF data file name 15 depicted below:

R rr

sgpﬁmwravgB4 cl. 20040?[]6 {J20415 cdf

z =0
g ey o —E
" optio a ale inute E —
3 a |
mm’i" | qtﬂll;‘f ' * 3
Example from ARM Climate Research Facility www.arm.gov/data/docs/plan - N E
-
* Keep file and folder names short, but meaningful * —
* Agree a method for versioning
* Include dates in a set format e.g. YYYYMMDD bl

* Avoid using non-alphanumeric characters in file names
* Use hyphens or underscores not spaces e.g. day-sheet, day_sheet
* Order the elements in the most appropriate way to retrieve the record

www.jiscdigitalmedia.ac.uk/guide/choosing-a-file-name



http://www.jiscdigitalmedia.ac.uk/guide/choosing-a-file-name
http://www.arm.gov/data/docs/plan

What is metadata?

Metadata

 Standardised
 Structured

e Machine and human
readable

Metadata helps to cite &
disambiguate data

Documentation aids reuse

Documentation




Metadata standards

These can be general —such as Dublin Core
Or discipline specific

— Data Documentation Initiative (DDI) — social science
— Ecological Metadata Language (EML) - ecology
— Flexible Image Transport System (FITS) — astronomy

Search for standards in catalogues like:

http://rd-alliance.github.io/metadata-directory



http://rd-alliance.github.io/metadata-directory

Why are ontologies important?

“MTBLS1: A metabolomic study of urinary changes
in type 2 diabetes in......”

B H. sapiens

B Homo Sapien

" Homo sapiens

B homo sapiens

B Homo sapiens (L.)
B Human

B Human

B humans

B sapiens

EMBL-EBI i i

Example courtesy of Ken Haug, European Bioinformatics Institute (EMBL-EBI)




Controlled vocabularies
E.g. SNOMED CT (clinical terms) or MeSH

Include ontologies as well

* Defined terms + taxonomy
Useful for selecting keywords to tag datasets

> Organism A > Organism B

» Term Al » Term Al

» Term A2 » Term A2

» Term A3 » Term A3
» Term B1 » Term B1
» Term B2 » Term B2

» Term C4 » Term C4

> . > .

> . > .

> . > .

» Termn » Term n




Documentation

Think about what is needed in order to evaluate,
understand, and reuse the data.

* Why was the data created?
 Have you documented what you did and how?

 Did you develop code to run analyses? If so, this
should be kept and shared too.

 Important to provide wider context for trust




N Dééi% - .
S RYAD ReadMe files

We recommend that a ReadMe be a plain text file containing the following:

 for each filename, a short description of what data it includes,
optionally describing the relationship to the tables, figures, or sections
within the accompanying publication

 for tabular data: definitions of column headings and row labels; data
codes (including missing data); and measurement units

 any data processing steps, especially if not described in the publication,
that may affect interpretation of results

 adescription of what associated datasets are stored elsewhere, if
applicable

« whom to contact with questions

http://datadryad.org/pages/readme

Example template: https://www.lib.umn.edu/datamanagement/metadata



http://datadryad.org/pages/readme
https://www.lib.umn.edu/datamanagement/metadata

Useful tools for documentation

E-lab notebooks, wikis, etc

main page talk ViEW soUrce history

 Record experiment

procedures and results '] J :l \‘

OpenWetWare is an effort to promote the sharing of information, know-how, and wisdom amang
researchers and groups who are working in biology & biological engineering. Learn more about us.

If you would like edit access, would be interested in helping out, or want your lab website
hosted on OpenWetWare, please join us. OpenWetWare is managad by the BioBricks Foundation &.

Labs & Groups

PY Courses Protocols
a r e p ro O ‘ O S From around the world Host & view classes Share technigues & more

Openwetware has upgraded!
OpenWetWare

" 3 Lab Notebooks ) )
t}\ B We have moved to a new server, with new software. You will
/ need to set a new password and confirm your emails

New features include: address! For more information, please see here.

— Dynamic calendars
Create or view entries with a click

. Local search
Search within your lab notebook

ot
'. i we (.\-‘r‘"lL
y 00 xu? Improved navigation
!c‘:___.a-' L Jump between entries with ease

#RSpace e
th SCINOTE

http://openwetware.org



http://openwetware.org/

11\ experiment

Workflow tools e.g. MyExperiment

@ Version 7 (latest) (of 7)

Version created on: 02/09/11 @ 11:43:00 by: Paul Fisher | Revision comment [¥]

Last edited on: 02/09/11 @ 11:44:57 by: Paul Fisher

Title: Pathways and Gene annotations for QTL region
Type: Taverna 2

@ Preview

(Click on the image to get the full size)

W Download Scalable Diagram (SVG)

View version: | 7 (latest)

v

@ Workflow Type
Taverna 2

@ Original Uploader

-

22 Paul
Fisher

@ License

All versions of this Workflow are licensed
under:

@ Credits (1)
(People/Groups)

& Paul Fisher
@ Attributions (0)
(Workflows/Files)
None

© Tags (21)
| Original Uploader tags

adasd | annotation | chromosome | data-
driven | disease | ensembl | entrez
gene | genes | genotype | kegg
mouse | nbiconworkflows pathway
pathway-driven | pathways
phenotype | qtl | shim | subworkflow
uniprot

Log in to add Tags

@ Shared with Groups (0)
None

@ Ratings (10)
Current:

46/5
(10 ratings)

Log in to rate and see breakdown of ratings

@ Attributed By (7)
(Workflows/Files)

Ij The impact of workflow tools on
data-centric research
ltermn doesn't exist anymore
{5h Psthways and Gene annotations for
QTL regicn
{Ep microRNA to KEGG Psthways and
Abstracts
{Gh Psthways and Gene annotations for
QTL region
{5} KEGG Gene IDs 1o KEGG
Pathways

{@} Pathways and Gene annotations for
Arabidopsis affy data

(@ Favourited By (11)
& Katy Wolstencroft
£ David Withers
& Taverna
& Xiaoliang
& Kawther
&, AbuJarour
& AiRezses
& Delistyle777
& Gamble
& Wotan

& Stian Soiland-Reyes

www. myexperiment.org/workflows/16.html



http://www.myexperiment.org/workflows/16.html

Managing and sharing data

Image ‘tools’ CC-BY by zzpza www.flickr.com/photos/zzpza/3269784239



What tools are you using to R
analyse, store and share data?

@ Slide is not active  Activate ®
O




Different tools in different stages of the
lifecycle...

Create
Preserve Document

Outreach




101 Innovative tools and sites in 6 research workflow phases
(<2000 - 2015)

Outreach

January 2015
©0
A

— v SA
all logos excluded

Most important developments in 6 research workflow phases

.
writing &

Ope fccess 5 e article level

publication

more use of “publish mdmum more open and post-

vithpubliction® it judgelater”  monitoring outreach publication peer eview

wilingness tosharein | CcePIanceof effect of requirements of funders  who pays for costly
analysis phase writing Jjournal/publisher status & institutions qualitative assessment?

crowdsourced science

tools

2 ing author-,
semantic tagging while reader-side paper using repc 2 us
open labnotes writing/citing formatting institutional visibility ’:ﬁmxd

of A R
online making outreach a quality of measuring
T | D
..q Importance of societal
dviveﬂ‘ e Open Access ¢ relevance + non-
" publication contributions
collaborative writing + public. 5

open science circumventing traditional findi 4, Moving away from simple
emen ~ quantitative indicators.

publishing publishers ‘setting.
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https://figshare.com/articles/101 Innovations in Scholarly Communication the

Changing Research Workflow/1286826
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Where will you store the data?

* Your own device (laptop, flash drive, server etc.)

— And if you lose it? Or it breaks?

* Departmental drives or university servers

* “Cloud” storage

— Do they care as much about your data as you do?

The decision will be based on how sensitive your data

are, how robust you need the storage to be, and
who needs access to the data and when




How to keep your data secure?

Develop a practical solution that fits your circumstances

Store your data on managed servers

Restrict access to collaborators or smaller subset
Encrypt mobile devices carrying sensitive information
Keep anti-virus software up-to-date

Use secure data services for long-term sharing

www.wsj.com/articles/SB10001424052748703843804575534122591921594



http://www.wsj.com/articles/SB10001424052748703843804575534122591921594

Collaborative platforms e.g. OSF

Open Science Framework

A scholarly commons to connect the entire research cycle

https://osf.io

Structured projects

Keep all your files, data, and protocols in one centralized location. No more trawling

emails to find files or scrambling to recover from lost data. [JEIILEECILIN

Control access

You control which parts of your project are public or private making it easy to
collaborate with the worldwide community or just your team.

PROJECT-LEVEL PERMISSIONS

Respect for your workflow

Connect your favorite third party services directly to the Open Science

Framework. 3RD PARTY INTEGRATIONS



https://osf.io/

Data-specific platforms e.g. OMERO
0:0:0 O M E RO Open Microscopy Environment

What is OMERO?

From the m

nicroscope to publication, OM sEF\l ) hai Jl~\ all yo ur images in a secure ce
organize, analyze and share your data from anywhere you have internet access.
desktop app (Windows, Mac

vs, Mac or Linux), from the web or 'rc-"-"x 3rd party soft
supported, including all major n

licroscope rormats.

Sh s e M

- 1N A KID, D0 e

Import Organize View

Analyze Publish

Export

http://www.openmicroscopy.org/site/products/omero



http://www.openmicroscopy.org/site/products/omero

Third-party tools for collaboration

ownCloud

* Open source product
b gak with Dropbox-like
functionality

& Dropbox

 Used by many unis
and service providers
to offer ‘approved’

Using Dropbox and other cloud solution

services — LSE guidelines https://owncloud.org

http://www.lse.ac.uk/intranet/LSEServices/

IMT/guides/softwareGuides/other/usingDr ‘ist.
( /

opboxCloudStorageServices.aspx owﬂ(loud



https://owncloud.org/
http://www.lse.ac.uk/intranet/LSEServices/IMT/guides/softwareGuides/other/usingDropboxCloudStorageServices.aspx

University RDM services e.g. Edinburgh

DataStore
Compute & Data Facility (HPC)
DataSync

Wiki service A R
Subversion BEFORE | = —1}
Electronic Lab Notebook — TER
DataShare repository ——HF | \ ?PURE |
DataVault D s

Pure (research info)
Secure data service

www.ed.ac.uk/information-services/research-support/research-data-service



http://www.ed.ac.uk/information-services/research-support/research-data-service

One copy = risk of data loss

™

CC image by omboleumon Flickr



Who will do the backup?

Use managed services where possible (e.g. University
filestores rather than local or external hard drives), so
backup is done automatically

3...2... 1... backup!

at least 3 copies of a file
on at least 2 different media
with at least 1 offsite

Ask central IT team for advice




Backup and preservation

— not the same thing!
Backups

— Used to take periodic snapshots of data in case the current version is
destroyed or lost

— Backups are copies of files stored for short or near-long-term
— Often performed on a somewhat frequent schedule

Archiving

— Used to preserve data for historical reference or potentially during disasters

— Archives are usually the final version, stored for long-term, and generally
not copied over

— Often performed at the end of a project or during major milestones




Open access # open research

Open research




Open access # open research

W

eyeq uado

92Jn0g uadQ
ABojopoylsy uadQO
MBIADY J8ad uadQ
§$900Yy uadQ
S80JN0SSaY
|leuoneonp3 uadQ

CC-BY Andreas Neuhold
https://commons.wikimedia.org/wiki/File:Open Science - Prinzipien.png
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Degrees of openness

Five star open data SECURE

****F;( DATA e Unable to share
SERV,CE Under embargo
f:saetglrlg?'l Igl[;ammunit"r

Open Restricted

Content that can be
freely used, modified and
shared by anyone

for any purpose

Limits on who can use the data,
how or for what purpose

- Charges for use
- Data sharing agreements
- Restrictive licences

- Peer-to-peer exchange
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OPEN KNOWLEDGE

<

https://okfn.org

How to make data open?

1. Choose your dataset(s)

— What can you may open? You may need to revisit this step if you encounter
problems later.

2. Apply an open license

— Determine what IP exists. Apply a suitable licence e.g. CC-BY

3. Make the data available

— Provide the data in a suitable format. Use repositories.

4. Make it discoverable

— Post on the web, register in catalogues...



https://okfn.org/

Have you reused other people's N
data?

®Yes
No

@ Slide is not active  Activate ®
O




Primary and secondary data

Reuse

Create
Preserve

Document




License research data openly

CREATIVE COMMONS (éE\ (‘ (:s:l\ (zs:‘ (‘
HCENSES  cn, mpome ompen oy o

® PUBLIC DOMAIN X

©) CC BY v

@®  ccBy-sA v B v

@G  CCBY-ND vl

®®  ccBY-NC v

@ & © ccBY-NC-SA v

@@ G ccBY-NC-ND A

ey B -t i T T Gt L MR e

communicate, etc.) of the work.

DCC how-to guide: www.dcc.ac.uk/resources/how-guides/license-research-data



http://www.dcc.ac.uk/resources/how-guides/license-research-data

License research data openly

Key Points

* Some research outputs that we want to share are protected legally as intellectual
property (e.g., Copyright, EU Database Protection laws). o This means they are
distributed with “All Rights Reserved”, creating barriers to access, reuse,
remixing, and redistribution.

* Creative Commons (CC) licenses have been developed by legal experts as a
convenient and legally sound mechanism to openly share protected works with
“Some Rights Reserved.” All CC licenses require attribution. Some types of CC
license offer other terms and conditions under which sharing may take place.

* Creative Commons waivers (CCO) allow the rights holder to dedicate the work to
the public domain, removing all copyright and database protection restrictions.
Waiving rights using CCO is the mechanism recommended by the CODATA-RDA
group on Legal Interoperability of Research Data.

Adapted from Gail Clement




License research data openly

* Creative Commons licenses and waivers are both human and machine readable.
Attaching licenses to your works means that you retain copyright in the work but
allow sharing under the terms and conditions specified. You also must be
attributed in appropriate fashion as a condition of using your work. If a user fails
to adhere to the terms of the Creative Commons license, s/he violates copyright
law.

* There may be additional legal issues governing the sharing of research data
beyond copyright and database protection. Laws regarding Patents, Trademarks,
Trade secrets, Privacy, National Security, may place restrictions on how research
data may be distributed and reused. These legal issues are not addressed
through Creative Commons licenses and waivers.

Adapted from Gail Clement




EUDAT licensing tool

Answer questions to determine which licence(s) are
appropriate to use

Do you own copyright and similar rights in your dataset and all its constitutive parts?

Yes NoO

Do you allow others to make commercial use of you data?

Yes MO

Creative Commons Attribution (CC-BY)

This is the standard creative commons license that gives others maximum freedom to do what they want with your
work.

Public Domain Dedication (CC Zero)

CC Zero enables scientists, educators, artists and other creators and owners of copyright- or database-protected
content to waive those interests in their works and thereby place them as completely as possible in the public
domain, so that others may freely build upon, enhance and reuse the works for any purposes without restriction
under copyright or database law.

http://ufal.github.io/lindat-license-selector



http://ufal.github.io/lindat-license-selector

Deposit in a data repository

The Re3data catalogue can be searched to find a home for data

re3datacy

Filter

Subjects &

Content Types &
Countries =

AID systems &

APl 2

Certificates @

Data access &

Data access restrictions &
Database access =
Database access restrictions &
Database licenses &

Data licenses &

Data upload =

Data upload restrictions &
Enhanced publication =
Institution responsibility type =
Institution type =
Keywords =

Metadata standards @

PID systems &

Provider types &

Quality management =
Repository languages =
Software ©

Syndications &
Repository types &

Versioning &=

Search Browse Suggest Resources - Contact ‘@ Dataclte

Search

+— Previous - 2 3 4 5 6 7 . 80 Next —

Found 1950 result(s)

UniProtKB/Swiss-Prot
UniProt Knowledgebase

Subject(s) Basic Biological and Medical Research  General Genetic
Content type(s) Networkbased data  Structured graphics  Plain text
Country Switzerland  United Kingdom

UniProtkB/Swiss-Prot is the manually annotated and reviewed section of the U
a high guality annotated and non-redundant protein sequence database, which
computed features and scientific conclusions. Since 2002, it is maintained by tt
via the UniProt website

Khazar University Institutional Repository

KUIR

Subject(s) Humanities and Social Sciences  Life Sciences  Natur:
Content type(s) Standard office documents  Images  Audiovisual data
Country Azerbaijan

The Khazar University Institutional Repository (KUIR), a suite of services offere
institutional repesitory maintained to support the university's researchers, collal
content consists of collections of research materials in digital format produced
and their collaborators

Q  search

Toogle short help

Sort by -

www.re3data.org

www.fosteropenscience.eu

/content/re3data-demo



http://www.re3data.org/
http://www.fosteropenscience.eu/content/re3data-demo

National / domain repositories

BioSharing portal of
databases in life sciences

www.re3data.org

https://biosharing.org



http://www.re3data.org/
https://biosharing.org/

How to select a repository?

Better to use a subject specific repository if available

Check they match particular data needs e.g. formats accepted, mixture of
Open and Restricted Access.

Do they assign a persistent and globally unique identifier for sustainable
citations and to links back to particular researchers and grants?

Look for certification as a ‘Trustworthy Digital Repository’ with an explicit
ambition to keep the data available in long term.

EASY 18101+ 0
DANS-EASY
Subject(s) History Ancient Cultures  Social and Behavioural Sciences i (includi graphy) Icons to note
Humanities Humanities and Social Sciences  Natural Sci Ei i Life Sci
Content type(s) Standard office documents  Images  Structured graphics  Audiovisual data  Raw data O pe n access )
o
Databases Plaintext Structured text Scientific and statistical data formats l P I D
1Censes, S,
Country Netherlands

certificates...

EASY is the online archiving system of Data Archiving and Networked Services (DANS). EASY offers you access to
thousands of datasets in the humanities, the social sciences and other disciplines. EASY can also be used for the
online depositing of research data.




Zenodo

Zenodo is a multi-disciplinary repository that can be
used for the long-tail of research data

* An OpenAIRE-CERN joint effort

 Multidisciplinary repository accepting
- Multiple data types m
- Publications
- Software

* Assigns a Digital Object Identifier (DOI)

* Links funding, publications, data & software

www.zenodo.org



http://www.zenodo.org/

Archiving code in Zenodo

& Making Your Code Citable

® 10 minute read

Digital Object Identifiers (DOI) are the backbone of the academic reference and
metrics system. If you're a researcher writing software, this guide will show you
how to make the work you share on GitHub citable by archiving one of your
GitHub repositories and assigning a DOI with the data archiving tool Zenodo.

ProTip: This tutorial is aimed at researchers who want to cite GitHub
repositories in academic literature. Provided you've already set up a GitHub
repository, this tutorial can be completed without installing any special
software. If you haven't yet created a project on GitHub, start first by

uploading your work to a repository.

Choose your repository

Repositories are the most basic element of GitHub. They're easiest to imagine as
your project’s folder. The first step in creating a DOl is to select the repository you
want to archive in Zenodo. To do so, head over to your profile and click the
Repositories tab.

Overview Repositories 1 Stars 1 Followers 2 Following 2

Type: All = h . IJ
&1

My-Awesome-Science-Software

Intro

Choosing Your Repo
Login to Zenodo
Check Repo Settings
Create a New Release
Minting a DOI

Finishing up

Get a DOI for each release

https://guides.github.com/

activities/citable-code



https://guides.github.com/activities/citable-code

What is a Persistent Identifier?

a long-lasting reference to a document, file or other object

PIDs come in various forms e.g. ARK, DOI, URN, PURL, Handles...

Typically they’re actionable i.e. type it into web browser to access

Publication date:
November 24, 2017
DOI:

DOI 10.5281/zenodo.1065991

Many repositories will assigh them on deposit

Metadata URL Electronic
Description Resource

©

Handle
Service

(il

Keyword(s):
FAIR, FAlRness, checklist, research data,
Findable, Accessible, Interopeable, Reusable,
PID, repository, DOI, metadata, licence, data

sharing, research data management,
Grants:
European Commission

« EUDAT2020 - EUDAT2020
(654065)

License (for files):

[ Creative Commons Atiribution 4.0




Citing research data: why?

Building a Culture of Data Citation

CREATE 3

Yo

Australian researcher creates a
research dataset and a publication
related to the dataset

> Dataset is stored in a publicly 1
N accessible repository

Researcher uses ANDS services
to mint a Digital Object Identifier
[doi) for the dataset

Researcher future funding and promotion influenced by
dataset citation metrics

ands.org.au REWARD

doi is used in data citation

USE

\ o3

Research community use the doi to access
the dataset and carry out related research ]

doi -
|

S
L

Research community generate new publications
using the doi to reference the dataset

Citation metrics services (eg Thomson Reuters Data Citation Index,
Scopus) accumulate citation references to the dataset and publication

Funding and research groups
review publication and dataset
citation metrics

6 MEASURE BHSE]

http://ands.org.au/cite-data



http://ands.org.au/cite-data

How to cite data

Key citation elements

Author

Publication date

Title

Location (= identifier)

Funder (if applicable)

A Digital Curation Cent
19th July 2011

Data Citation and Linking

By Alex Ball and Monica Duke, UKOLN, University of Bath

* Introduction

. -term Benefits and Long-term Value
* Perspactives on Data Citation

* Roles and Respansibilities.

* Issues to be Considered

* Related Research

= Additional Resources

Introduction

On the surface, citing datassts is a trivially easy
thing ta do. Style manuals such as the Fublication
Manual of the American Psychological Association
and the Oxford Marual of Style have provided sample
citations for datasets since at laast the early 2000s.
The process of making datasats citable, however, is
rather mare difficult. In consequence of this and other
factors, a culture of citing datasets has been slow to
develop. Neverthaless, it is vital that ressarchers cite
the datasets they use, if datasets are ta be regarded
as legitimate academic outputs in their own right.

Short-term Benefits
and Long-term Value

There are several short-tarm benefits to making
datasets citable, citing them in practice, and linking
datasets to papers that make use of the data.

« If the authors of a sclentific publication proparly
cite the data that underies it, it is much easier for
the reader ta locate that data. This in tum makes
it easier for the reader to validate and build on the
publication's findings.

Data citations ensurs that data cantributors recsive
proper credit when their work is reused by other
rasearchers.

If a dataset links back to the paper that describes
its collection, a reader coming to the dataset
direct can use that link to put it in context and
undarstand the methodology used.

If a dataset links to ather papers that make use
of it, these links can be used by the contributors
and data publishers to demonstrate the impact of
the data. Potential reusers might use these links
to discover critiques of the data or to provide
inspiration for how to use them.

Onos a culture of data citation has been establishad
several other benafits are likely to become apparent.

* The publishing infrastructurs that makes the data
citable will also help to ensure they are available
for refarence and reuse long into the future.

Thare will be less danger of rival researchers
*stealing’ results from thase who publish their data
apenly, as failure to give due credit would amaunt
to plagiarism and thus be punishable.

* Services built around data citation will make
it easier for researchers to discover relevant
datasets.

Data citations could be used to measure the
impact of both individual datasets and their
contributors.

* Researchers could gain professional recagnition
and rewards for published data in the same way as
for more traditional publications.

Taking these points together, there would likely ba an
increase in the quantity and quality of data published,
with all the benefits this implies for the transparency
and rate of scientific research.

www.dcc.ac.uk/resources/briefing-papers/introduction-

curation/data-citation-and-linking



http://www.dcc.ac.uk/resources/briefing-papers/introduction-curation/data-citation-and-linking

How do you share data effectively?

 Use appropriate repositories, this

catalogue is a good place to start re Qlat
REGISTRY
http://www.re3data.org OFRESEARcHDAng)S'I%;Sg

 Document and describe it enough for
others to understand, use and cite

http://www.dcc.ac.uk/resources/how-

guides/cite-datasets

e Licence it so others can reuse

www.dcc.ac.uk/resources/how-guides/license-
research-data



http://www.re3data.org/
http://www.dcc.ac.uk/resources/how-guides/cite-datasets
http://www.dcc.ac.uk/resources/how-guides/license-research-data

Open Research = sharing our
knowledge freely and globally

To make our shared global knowledge reliable,
trustworthy, and fair, we need 3 ingredients

1. Certainty that the information is accurate and
reliable

2. Confidence that creators and contributors get
credit for their hard work

3. Legal clarity that the sharing activity is ‘ok’

Adapted from Gail Clement




Certainty that the information is
accurate and reliable

 DOIs guarantee that the content is available ..always

* ORCiDs guarantee the author/creator/contributor is
right

 QOpen licenses (Creative Commons) guarantee the
Orights are right

Adapted from Gail Clement




Confidence that creators and
contributors get credit for their hard
work

 DOl’s reference the specific work being used
and cited

 ORCiD’s remove ambiguity of researchers’
names

 Open licenses build attribution into the
conditions of use

Adapted from Gail Clement




Legal clarity that the sharing activity is ‘ok’

 DOls are assigned to works that are trustworthy: they
are being curated and taken care of ..for the long
term

* ORCiDs are assigned to creators and contributors
who manage their own profiles so they are
authoritative

 Open licenses like Creative Commons are 100%
compliant with copyright law

Adapted from Gail Clement




Some European Initiatives

® ¢ EOSC oilot
SN

The European Open Science

Cloud for Research Pilot Project ?

OpenAlRE

'FOSTER



https://www.fosteropenscience.eu/
https://www.openaire.eu/
https://eoscpilot.eu/

FOSTER Open Science toolkit

ging
In this course, y«

how you can

Science.

Licensing Open Acces 1 Sharing orint eer R OPR

This course helps you to get to grips with responsible data you to find the best license for your open

will help you b

haring preprints e you to OPR and let you know

sharing. nin the wider r research. vithit,

https://www.fosteropenscience.eu/toolkit
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Open Peer Review module example

Open Peer Review

This module will introduce you to Open Peer Reviewing and let you know how you can get started with it

Definition of OPR

Click the forward arrow to see more.

Transparent & accountable

I ntrOd UCtiOﬂ Open peer review is an umbrella term

for various alternative review

5 . T & » e e methods that seek to make classical
This module introduces you to open peer review (OPR), an emerging practice which is gaining momentum as part of Open peer review more transparent and

Science. accountable (cf. Ross-Hellauer, 2016).
Upon completing this module, you will:

understand what OPR means and how it supports Open Science;

be aware of OPR workflows and which aspects of the review process can be conducted openly;
know how to write a constructive and responsible open peer review;

know about useful tools and services that can support you putting OPR into practice.

OPR in three minutes B e

In this short video, Tony Ross-Hellauer introduces the concept of open peer review and
strongly needed in the peer review process.

What is Open Peer Review? Tony Ross-Hellauer

Quiz - Are you an Open Peer Reviewer?

Transparency can be added What are the benefits of
to peer review through: open peer review?
CC-BY-SAAJ Cann Tick all that apoly. Tick all that apaty.

O Accessible evaluation reports O itisnot biased

O Piatiorms that allow interaction [0 My results can be published more quickly

O Revealedidentities of reviewers [ My reviewisa citable research output

Submit

Tony Ross-Hella®

Know-Center




Specialisation pathways

2 -4 h O u rS Of C O n t e n t Interested in delving more deeply into some areas of Open Science? Consider working through one of our five Open

Science specialisms below.

e The reproducible research

practitioner

The Open Peer Reviewer The Responsible Data

e The responsible data sharer
e The Open Access Author

The Reprodicible Research
Practitioner

e The open peer reviewer A

e The open innovator

For more information, see
www.fosteropenscience.eu/learning-paths
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Case study approach

USIng the EC Open Life Sciences: Nextflow for reproducible in silico genomics
Science Monitor approach ~ ~v~ &

Blog The analysis of bigdataina
performant and reproducible manner

: is an increasing pressing issue in
O S a re ra C I C a Running CAW with Singularity and Nextflow many scientific ields including and
< s . mostly in life science disciplines. This

problem has been fuelled by the
combined reliance on increasingly
complex data analysis methods and

- - ponctes oy [ ——
X m I f I V I fr m e e the exponential growth of biological
The CAW P'pt'llﬂ_a ) datasets. When considering the

installation, deployment and

S maintenance of bioinformatic

. . . I b Ths pipelines, an even more challenging
e s St O picture emerges due to the lack of
e I e C I e n C e S O C I a Nextflow community standards. Moreover, the
Vi [ ] - effect of limited standards on

reproducibility is amplified by the
very diverse range of computational

° ‘s platforms and configurations on
ciences and Humanities
] expected to be applied (workstations,

clusters, HPC, clouds, etc.). The

Nextflow open source technology
provides a simple but yet effective
solutions to many of these problems.

Open Access Open Source Licensing

'K@:ELIFE J Bioconductor Open Research Data
R |/ L

OPEN 50URCE SOFTWARE FOR BIOINFORMATICS

Example use of EBl metagenomics

) Ethics
Open Peer Review ®
-. R EUROPEAN

bioRyiv 5=t g reevows

\\\\\\\\\\\}\\\\\\\\\\\\\\\s

Open Innovation

\\\\\\

THE PREPRINT SERVER FOR BIOLOGY \\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\




= D CC

Digital Curation Centre

Thank you!

For DCC resources see:
www.dcc.ac.uk/resources

Follow us on twitter:
@digitalcuration and #ukdcc

In collaboration with:



http://www.dcc.ac.uk/resources

OPEN aACCESS

Open Access Week

Paywall: The Business of Scholarship




Open access publication

Publish in an Pay Article Processing Immediate
open access Charge (APC) - if open access (via
Researcher journal required publisher)
decides
whese to
putlish
(@
Check SHERPA RoMEO v\' ’@
to see what OA and L )
self-archiving options Publish in a Search for a repository Self-archive in a Immediate or
are available subscription- http://opendoar.org repository, delayed open access,
www.sherpa.ac.uk/rom based journal based on depending on
publisher policy. publisher’s policy.

€o

IF OPTION EXISTS
e.g. a ‘hybrid’ journal
(a subscription-based

journal that has a paid Pay Article Immediate open

open access option) Processing access (via
Charge (APC) publisher)



http://opendoar.org/
http://www.sherpa.ac.uk/romeo

PUBLISHING MODELS

Worldwide, the proportion of subscription-only journals* shrank between
2012 and 2016, giving way to more open-access (OA) and hybrid journals.

| Proportion of journals published 2012

Subscription only Delayed OA Open-access
49.2% 2.19% 12.49,
Hybrid
36.2%
| Proportion of journals published 2016
Subscription only Delayed OA Open-access
37.7% 2.2% 15.2%
Hybrid
459,
*From Scopus database. Hybrid journals are subscription titles
that allow authors to make individual papers open for a fee. onature

https://www.nature.com/articles/d41586-018-06178-7
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