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What Is research data?

* “the underlying information researchers measure / process /
collect from which they make scientific conclusions”

« Some fields have clear definitions, e.g. medicine

Clinical data: tables of clinical outcomes for individual patients

Published paper: statistical summary of clinical trial data + clinical
conclusions

“Publish the data associated with this study” means release the
(anonymised) results of individual patients.

Obvious separation between “the data” and “the paper”.
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Research data Iin chemistry

 “The results” and “the data” are blurred, with limited consensus.

« Synthetic chemistry is particularly challenging
 Observations, rather than measurements.
« Limited statistical / numerical analysis
* Pictures, not words and numbers. No repeat measurements.
 A‘one to many” ratio of techniques to answers.

* Chemists collect “small data” — slowly, manually, and for single
systems. Large datasets require aggregation from 1000s of
studies

« This is before you think about file formats, standards, identifiers,
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Current publishing practice in chemistry

Supplementary Information (Sl) is considered as ‘data’ for most chemists.

All chemistry publishers mandate crlgstal data deposition for Cambridge
Structural Database (CCDC) and PDB

All chemistry publishers encourage “full data sharing” while acceptin_? the
lack of repositories to do so. Some of them need to improve the clarity and
visibility of this message.

Data linking — in practice means “crystal data linking”
Data citation - without authors having any data to cite.
The most practical option is:

HZ' heS ﬁ[ystal data in this paper are available at [CSD DOI|. All other data is in
e
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Chemistry data Is published (commercially

IP and business Wider information

General literature
Data management
Data repositories

STM information

Materials + nano
Multi-source
neral referen . . .

Ge .e are e. ence Wider scientific data
Biochemical

Specialised

Core chemistry
Reaction planning
Free structures Core chemical data
Crystallography
Spectra
Cheminformatics
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What type of chemical data Is this?

Multi-source platforms Intellectual property

Structure modelling

Materials analytics
Reaction planning

Core chemistry Materials datasets

Il Crystallography
and validated

Spectra datasets
Scientific data
information Free structures and vendor platform
workflow

Data in publications General literature discovery

Data repositories

Cheminformatics
Processed chemical information

Spectra processing

Data management and
. workflow
Raw scientific data

Spectra collection

11



NI EDKIGRRIEDIEFT —FEDMN?

YNFY AT Ty N7 = M ERE
e R
ANl ‘

a7k WET—4%%v b
. # N

Zie (kLU N

SEESNnf-T—% ALY WLF— Ky b
HHEM#GEE XA =TTy N7 4 —L4

BEEHR
UV—r7a—

— R 72 STk D % AL
FT—XJRT R

TEA VT FT AT A
MIEnf-1tRIER AR VAL

TREHLY— T a—

£ DRET—4
AN MV

12



I%dable / \ccessible

nteroperable




FAIR Challenges

E:lable / \ccessible

JORS

Generally...

SCHOLI%s

Data publication standards
Linking publications to datasets

14
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FAIR Challenges for Chemistry

Findability
 Currently no standard representation
iNndable ccessible that handles all of chemistry

« Different approaches to normalisation

can have an adverse impact
Accessibility
Much published chemical data still
/ locked up in text

Much chemical data proprietary
 Much data captured in value-added
closed systems (metadata included)

16



{EZEDFAIRANDELY4H A

Findability (R 21+5h %)
I: A R AREDT RTERIBENERE
indable ccessible (370

ERIEADSESFEFLETIO—FIE, B

B RITIAIREELHD
AcceSS|b|I|ty(7’7tXT%%>>

NEAINTWEZLDILET—2IEET

FRMZIAYIEINTINS

ZLDILET—H%EER
S EDSUVEAERICERYATFN=Z
{DT—EFAT—3%ET)




FAIR Challenges for Chemistry

nteroperable

Y
S0 T

eusable

Interoperability

Tendency for people to locally solve
interoperability issues

Lack of community process to review digital
standards

Insufficient understanding of what other
disciplines need from chemistry

Reusability

There are licenses *but* little
guidance/control/choice for the researcher
Need for training of data producers and
consumers to value FAIR for work
optimization as well as improved science!
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Funder policy In the UK

UK Research & Innovation

“research data should wherever possible be made openly
avallable for use by others in a manner consistent with relevant
legal, ethical, disciplinary and regulatory frameworks and norms,
and with due regard to the cost involved.”

Concordat on Open Research Data (2016)
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“barriers to accessing data reI:)resent a significant limitation on research; these
range from legal barriers (real and perceived) through to cultural blockers and risk
aversion. These barriers must be addressed if the IS to remain at the forefront
of science and research. For example, recent research into data use by the
l[oharma_ceutlcal and life sciences industry identified a number of systemic barriers
hat limit access to data. Most companies surveyed noted having experienced
delays and uncertainties. These include time taken to access data, access
constraints for commercial users, the effort to identify and assess the quality of
data sets and, most notably, the cost of the data itself.”

https://www.gov.uk/government/publications/uk-national-data-strategy/national-data-strategy 22
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Science Horizons

Prospects for advances in academic
research in next 10-15 years

DISCOVERY

’ ® ROYAL SOCIETY rsc.li/sciencehorizons
«p OF CHEMISTRY (published summer 2019)
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Science Horizons: Summary Outlook

1. Global R&D investment strong [check post-covid]
2. Sustainability & prosperity take centre stage in R&I policy

Researchers are committed to delivering solutions to global & industrial challenges
Researchers continue the scientific quest to answer fundamental questions

New techniques are opening new frontiers in scientific discovery & application

Data and digital technologies are integral to research and create exciting new possibilities
Interplay between theory, experiment & computation is crucial, especially in new areas

Nows W

8. Researchisinternational

9. Researchisincreasingly interdisciplinary and this needs support from funders & universities

10. Curiosity and fundamental discovery science are important - in their own right and for
innovation - and need more sustained long-term funding

11. Collaboration with industry is key, and we need ways to make this straightforward for everyone

12. Leadership within and on behalf of science are crucial
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Science Horizons: #%#R

1. HRFARCHERARBBZEHIMEIE (RO F)
2. BT EEMEEEARUBEDRIDMLEEEZR T

MEBL HRALBRBLVEXEROREICTEHV)1—aVDRBICRALTNNS
MEE FBENGREICEZAS-OITHFHERZRITS
LW A FRIR R SRR ZE YR
T—RETORIEMIEHARIZFRAIRTHY , RIHMBOGH L AIEEZEAHT
BWICHLLWD BT, BiR, B FIEOHREFRANERICEETHS

Neow s w

8. WIEIZEMMLZLDTHS

9. MIERIFFTEITEEMICLHE-TETHY., EEIREBORENSOXIIEFTVELT S

10. FHDEEBURROBREIL. FNEEEA/R—30DEHICEETHY . KYEBENLER
DEERRENVLETHS

11, EERLDEHRIIFTETHY. ChEHIZESTEIDOMNYDTTEHENRELLS

12. B0 T, ZLTHEZZRRBLT)—F—9TE#RIETHEIFFEREICEETHD

“ : ¥ ROYAL SOCIETY
o OF CHEMISTRY



Data and digital technologies in Science R&D
— why does this matter?

1. An unanswered question: How transformative is the use of data and digital
technologies in science? Is this a revolution or is it hype?

2. A new perspective on a hot topic: Not just the ‘usual’ applications of Al &
robotics like manufacturing, recommending products, image recognition.

3. Bringing something hidden to the surface: Not just Al & robotics, and not all
new to scientists. Also modelling & simulation, measurement & sensing,
Imaging & visualisation
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Digital Futures launch (July 2020)
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Digital futures: A new frontier for
f= science exploration and invention

*g Royal Society Of Chemistry
Digital futures: Where do | start?
Royal Society Of Chemistry

Digital futures: What skills do | need?
Royal Society Of Chemistry

Kristin Persson: Data-driven materials
science | Digital futures
Royal Society Of Chemistry

Charlotte Deane: The power of
computation | Digital futures
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Digital futures

A new frontier for science
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Wil data & digital tech transform Science R&D?

We finally have the beginnings of a
What will be really disruptive is revolution in materials science. We

how digital tools will push us to can use quantum mechanics and first-

: : principles simulations to predict novel
SDUEIE ey Bl CIIEEN IR Sl materials, but we need robotics and

hypothesesz they will Qmplify automation and to use a closed-loop
human creativity, creating new system. Otherwise we won't fail fast

possibilities or opportunities enough to find new battery cathode
materials for the future.

People wanted to probe the entire cell Computers now can hold far more
before, but couldn’t do it. Now we information and complexity, and

have the tools and techniques to explore more possibilities, than an
answer the bigger individual human brain. We need to

question. Eventually we might probe harness this to help us see patterns
the entire human — not in the next 10- and options that a human being would

20 years, but it will happen one day. not find
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Data within a Digital Future

Core to chemistry is the synthesis and characterisation
of substances — and how these substances interact from
the sub-molecular to the global level. Digital
technologies [..] will increase efficiency and
sustainability across the chain from sourcing raw
materials, to product development and manufacturing,
to distribution, consumption and end of product life.

Data is a key area of technical opportunity — bringing
together and sharing data from different sources to
enable better, faster, bigger science

To support this future will need incentives for data
sharing; development of common standards and
formats; and the availability of infrastructure, tools and
skills for the curation and use of high-quality datasets.

rsc.li/digital-futures
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Different examples for RSC
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Data generation and management

 Whatis “the data” and how to collect/aggregate/process it?

* |s the data on file, collected and processed as part of authors’ current
work (writing papers). Is it close to being ready for others to use?

 Standards come with a mature field
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Where to put data?

L -‘

“figshare

“9* CAMBRIDGE
Apollo Home School of the Physical Sciences Depart

Domain repositories
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e CSD 20202 PROTEIN DATA BANK
Pub@hem

ChemSpider

Search and share chemistry
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The RSC's data policy

* We're considering data availability statements
« We'll add data citations

« Author incentives (and data availability, formats and domain
repositories) are lacking — what can we do to support?

* Look for subject opportunities

42
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How to prepare for open data

What is important to your community

~Findable and Accessible are relatively solved (if the authors
nave the data)

nteroperable and Reusable is dependent on the domain, and
will evolve.
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Future definition of chemistry data ?

M aC h | n e - Structured information / standard formats

readable

- Data with context / metadata
chemical _

Information

46
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Thank you

e kiddr@rsc.org
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HYNESTTWVELL:

e kiddr@rsc.org




