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The material advance of human society has been based on the acquisition and use of knowledge and science, as it has been practised in the last 300 years has proved to be the most effective way of gaining reliable knowledge. I want to talk about the processes whereby science is done and how they need to adapt to a novel environment in which we are able to acquire, store, manipulate and communicate data of unprecedented volume and complexity. What challenges does this environment offer to the essential processes of science, how can we exploit the opportunities that it offers and what barriers inhibit necessary changes. This is not about openness for itself – but open processes in the doing of science) Open science is not new. It was the bedrock on which the extraordinary scientific revolutions of the 18th and 19th centuries were built. But we do need to reinvent it for a data-rich era. So let us start with a little history.



A taxonomy of openness

Inputs Outputs

Open access

Administrative 
data (held by 

public 
authorities e.g. 

prescription 
data)

Public Sector 
Research data 

(e.g. Met 
Office weather 

data)

Research 
Data (e.g. 

CERN, 
generated in 
universities)

Research 
publications 

(i.e. papers in 
journals)

Open data

Open science

Collecting the 
data

Doing 
research

Doing science 
openly

Researchers - Govt & Public sector - Businesses - Citizens - Citizen scientists  

Science as a public enterprise
& the future of the open society 
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Lots of interchangeable and fluid terms but many shared principles.



A realiseable aspiration: all scientific 
literature open & online, 

all data open & online, and for them to 
interoperate

… and to be accessible to all?



Open communication of data: the source of a 
scientific revolution and the basis of scientific 

progress

Henry Oldenburg

Henry Oldenburg
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This is Henry Oldenberg, the first secretary of the newly formed Royal Society in the early 1660s. Henry was an inveterate correspondent, with those we would now call scientists both in Europe and beyond. Rather than keep this correspondence private, he thought it would be a good idea to publish it, and persuaded the new Society to do so by creating the Philosophical Transactions, which remains a top-flight journal to the present day. But he demanded two things of his correspondents: that they should submit in the vernacular and not Latin; and that evidence (data) that supported a concept must be published together with the concept. It permitted others to scrutinize the logic of the concept, the extent to which it was supported by the data and permitted replication and re-use. Open publication of concept and evidence is the basis of “scientific self-correction”, which historians of science argue were the crucial building blocks on which the scientific revolution of the 18th and 19th centuries was built and remain fundamental to the progress of science. Openness to scrutiny by scientific peers is the most powerful form of peer review. 



Creative 
destruction 

Good & 
bad retraction

Scientific self correction



Problems & opportunities in the data deluge

1020 bytes

Available storage

Brukernavn
Presentasjonsnotater
But Oldenberg’s world has changed. The last 20 years have seen an unprecedented data storm, which poses both challenges and opportunities to the way science is done. 
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The Challenge: the “Data Storm” is undermining 
“self correction”

THEN AND NOW



A crisis of replicability and credibility?

A fundamental principle: the data providing the evidence 
for a published  concept MUST be concurrently published, 

together with the metadata

To do otherwise should come to be regarded as scientific 
MALPRACTICE.
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The fundamental challenge is to scientific self-correction. Journals can no longer contain the data, and neither scientists nor journals have taken the obvious step of having data relevant to a publication concurrently available in an electronic database. (example of last year’s Nature paper revealing that only 11% of results in 50 benchmark papers in pre-clinical oncology were replicable. If lack of Oldenburg’s rigour in presenting evidence is widespread, a failure of replicability risks undermines science as a reliable way of acquiring knowledge and can therefore undermines its credibility.  



“Scientists like to think of science as 
self-correcting. To an alarming degree, it is not.”  



Seizing the opportunities 

The semantic web?



But seizing these opportunities depends 
on an ethos of data-sharing

Example: 
ELIXIR Hub (European Bioinformatics Institute) and ELIXIR 
Nodes provide infrastructure for data, computing, tools, 
standards and training.  
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If however are to exploit the potential of open and accessible data, we need to be ready to share our data. Open data may be mandated, as in for example the Bermuda principles that mandate immediate release of genome sequences into the public domain. But more powerful is the recognition by specific scientific communities that the benefits of having access to a large and powerful resource outweigh the benefits of hugging data to ones chest.




EXAMPLES OF WHERE AN OPEN DATA ETHOS OPERATES OR IS 
DEVELOPING

Operating
• Crystallography
• Genomics/Bioinformatics

Developing
• Geosciences
• Chemistry
• Ecology
• Longitudinal studies in social statistics



• E-coli outbreak spread through 
several countries affecting 4000 people

• Strain analysed and genome 
released under an open data license.

• Two dozen reports in a week with 
interest from 4 continents

• Crucial information about strain’s 
virulence and resistance

Data sharing for emergencies & global challenges

e.g.  Response to Gastro-intestinal infection in Hamburg

e.g.  Global challenges – e.g rise of antibiotic resistance 

• A global challenge that 
inevitably needs a global 
response based on data 
sharing
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The benefits of intelligently open data were powerfully illustrated by events following an outbreak of a severe gastro-intestinal infection in Hamburg in Germany in May 2011. This spread through several European countries and the US, affecting about 4000 people and resulting in over 50 deaths.
All tested positive for an unusual and little-known Shiga-toxin–producing E. coli bacterium. The strain was initially analysed by scientists at BGI-Shenzhen in China, working together with those in Hamburg, and three days later a draft genome was released under an open data licence.
This generated interest from bioinformaticians on four continents. 24 hours after the release of the genome it had been assembled. Within a week two dozen reports had been filed on an open-source site dedicated to the analysis of the strain. 
These analyses provided crucial information about the strain’s virulence and resistance genes – how it spreads and which antibiotics are effective against it. They produced results in time to help contain the outbreak. By July 2011, scientists published papers based on this work. By opening up their early sequencing results to international collaboration, researchers in Hamburg produced results that were quickly tested by a wide range of experts, used to produce new knowledge and ultimately to control a public health emergency. 
Wikipedia
A novel strain of Escherichia coli O104:H4 bacteria caused a serious outbreak of foodborne illness focused in northern Germany in May through June 2011. The illness was characterized by bloody diarrhea, with a high frequency of serious complications, including hemolytic-uremic syndrome (HUS), a condition that requires urgent treatment. The outbreak was originally thought to have been caused by an enterohemorrhagic (EHEC) strain of E. coli, but it was later shown to have been caused by an enteroaggregative E. coli (EAEC) strain that had acquired the genes to produce Shiga toxins.
Epidemiological fieldwork suggested fresh vegetables were the source of infection. The agriculture minister of Lower Saxony identified an organic farm[2] in Bienenbüttel, Lower Saxony, Germany, which produces a variety of sprouted foods, as the likely source of the E. coli outbreak.[3] The farm has since been shut down.[3] Although laboratories in Lower Saxony did not detect the bacterium in produce, a laboratory in North Rhine-Westphalia later found the outbreak strain in a discarded package of sprouts from the suspect farm.[4] A control investigation confirmed the farm as the source of the outbreak.[5] On 30 June 2011 the German Bundesinstitut für Risikobewertung (BfR) (Federal Institute for Risk Assessment), an institute of the German Federal Ministry of Food, Agriculture and Consumer Protection), announced that seeds of fenugreek imported from Egypt were likely the source of the outbreak.[6]
In all, 3,950 people were affected and 53 died, including 51 in Germany.[7] A handful of cases were reported in several other countries including Switzerland,[8] Poland,[8] the Netherlands,[8] Sweden,[8] Denmark,[8] the UK,[8][9] Canada[10] and the USA.[10][11] Essentially all affected people had been in Germany or France shortly before becoming ill.
Initially German officials made incorrect statements on the likely origin and strain of Escherichia coli.[12][13][14][15] The German health authorities, without results of ongoing tests, incorrectly linked the O104 serotype to cucumbers imported from Spain.[16] Later, they recognised that Spanish greenhouses were not the source of the E. coli and cucumber samples did not contain the specific E. coli variant causing the outbreak.[17][18] Spain consequently expressed anger about having its produce linked with the deadly E. coli outbreak, which cost Spanish exporters 200M US$ per week.[19] Russia banned the import of all fresh vegetables from the European Union until 22 June.[20]A novel strain of Escherichia coli O104:H4 bacteria caused a serious outbreak of foodborne illness focused in northern Germany in May through June 2011. The illness was characterized by bloody diarrhea, with a high frequency of serious complications, including hemolytic-uremic syndrome (HUS), a condition that requires urgent treatment. The outbreak was originally thought to have been caused by an enterohemorrhagic (EHEC) strain of E. coli, but it was later shown to have been caused by an enteroaggregative E. coli (EAEC) strain that had acquired the genes to produce Shiga toxins.
Epidemiological fieldwork suggested fresh vegetables were the source of infection. The agriculture minister of Lower Saxony identified an organic farm[2] in Bienenbüttel, Lower Saxony, Germany, which produces a variety of sprouted foods, as the likely source of the E. coli outbreak.[3] The farm has since been shut down.[3] Although laboratories in Lower Saxony did not detect the bacterium in produce, a laboratory in North Rhine-Westphalia later found the outbreak strain in a discarded package of sprouts from the suspect farm.[4] A control investigation confirmed the farm as the source of the outbreak.[5] On 30 June 2011 the German Bundesinstitut für Risikobewertung (BfR) (Federal Institute for Risk Assessment), an institute of the German Federal Ministry of Food, Agriculture and Consumer Protection), announced that seeds of fenugreek imported from Egypt were likely the source of the outbreak.[6]
In all, 3,950 people were affected and 53 died, including 51 in Germany.[7] A handful of cases were reported in several other countries including Switzerland,[8] Poland,[8] the Netherlands,[8] Sweden,[8] Denmark,[8] the UK,[8][9] Canada[10] and the USA.[10][11] Essentially all affected people had been in Germany or France shortly before becoming ill.
Initially German officials made incorrect statements on the likely origin and strain of Escherichia coli.[12][13][14][15] The German health authorities, without results of ongoing tests, incorrectly linked the O104 serotype to cucumbers imported from Spain.[16] Later, they recognised that Spanish greenhouses were not the source of the E. coli and cucumber samples did not contain the specific E. coli variant causing the outbreak.[17][18] Spain consequently expressed anger about having its produce linked with the deadly E. coli outbreak, which cost Spanish exporters 200M US$ per week.[19] Russia banned the import of all fresh vegetables from the European Union until 22 June.[20]



But it is also vital that we apply appropriate statistical 
approaches and techniques to our data

Jim Gray - “When you go and look at what scientists are 
doing, day in and day out, in terms of data analysis, it is 
truly dreadful. We are embarrassed by our data!”

So what are the priorities?

1. Ensuring valid reasoning
2. Innovative manipulation to create new information
3. Effective management of the data ecology
4. Education & training in data informatics & statistics

….and Big Data compounds the problem.
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But identification of robust patterns in large and complex datasets is a non-trivial exercise. it requires its own statistical procedures, Bayesian approaches become important, and as stressed here by Jim Gray, a guru of modern data science, the way we use data often falls short of the rigorous and valid analyses that are required.  



…and a new fundamental debate in the petabyte world

Thesis: Correlation is not causation.

Anti-thesis: Correlation is enough.

Question: If we know “how things are”, 
do we need to know “why they are?”



The nightmare: disconnect between machine 
analysis & human cognition 

What is the human role? 
Can we analyse & scrutinise what is in the black box?

What does it mean to be a researcher in a data intensive age?
Who owns the box: the tragedy of the commons in understanding?



Open data = Science 

Closed data ≠ Science

The present/future

The future of “science”?



Openness of data per se has little 
value:

open science is more than disclosure
For effective communication, replication and re-purposing we need 

intelligent openness. Data, meta-data and, increasingly 
software/machine codes must be:

• Discoverable
• Accessible
• Intelligible
• Assessable
• Re-usable 
Only when these criteria are fulfilled are data 
properly open.

But, intelligent openness must be audience sensitive.
Open data to whom and for what?

Scientists – Citizen scientists - Citizens
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Openness of itself has no value unless it is “intelligent openness”, where data are:
Accessible – they can be found
Intelligible – they can be understood
Assessable – e.g. does the creator have an interest in a particular outcome?
Re-useable – sufficient meta-data to permit re-use and re-purposing.
These should be standard criteria for an open data regime.

But we must recognise that the amount of meta and background data required for intelligent openness to fellow citizens is usually  far greater than that required for openness to scientific peers. If all data were to be intelligently open to fellow citizens on the basis that that have ultimately paid for it, science would stop tomorrow. A way forward would be to make a much greater effort to make data intelligently open in what we could call “public interest science”, including those issues that frequently arise in public debate or concern.



Boundaries of openness?

Openness should be the default position, with 
proportional exceptions for:

• Legitimate commercial interests (sectoral
variation)

• Privacy (“safe data” v open data – the 
anonymisation problem)

• Safety, security & dual use (impacts 
contentious)

All these boundaries are fuzzy



Mathematics related discussions

Tim Gowers
- crowd-sourced mathematics

An unsolved problem posed on 
his blog.

32 days – 27 people – 800 
substantive contributions

Emerging contributions rapidly 
developed or discarded

Problem solved!

“Its like driving a car whilst 
normal research is like pushing 
it”

What inhibits such processes?
- The criteria for credit and 

promotion

– ALTMETRICS THE ANSWER? 

New modes of technology-
Enabled creativity:

e.g Crowd-sourcing



a changing social dynamic in science?

Citizen science Opening the evidence
to public scrutiny
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Open communication of data offers many benefits:
 
 
Data sharing in specific scientific communities offers greater benefits to the individual than does hugging their own data (e.g. bio-informatics).
Data sharing permits faster, more efficient response to emergencies (e.g. the 2011 Hamburg-centred e-coli infection).
Mandating open data concurrent with publication has the potential to deter fraud (examples of invented data) and malpractice (mention clinical trials) – stress system integrity as well as personal integrity.
Openness stimulates novel, highly creative and efficient modes of scientific collaboration (e.g. crowd sourcing and Tim Gowers).
The stimulus it offers to the “citizen science movement”, which has the potential in the next decade or so to fundamentally change the social dynamics of science.
A response to the increasing demand from many citizens to interrogate for themselves the evidence for a particular policy that may have major impacts on the lives of individuals and society, and after all they pay, through their taxes for publicly funded science
And finally, and crucially, it offers more efficient and speedier means of addressing many modern science-related challenges (e.g. climate change; energy; infectious pandemics etc)


https://itunes.apple.com/gb/app/ashtag/id574320875?mt=8&ign-mpt=uo=4
https://itunes.apple.com/gb/app/ashtag/id574320875?mt=8&ign-mpt=uo=4


“Scientific fraud is rife: it's time to stand up for good science”
“Science is broken”

Examples:
 psychology academics making up data, 
 anaesthesiologist Yoshitaka Fujii with 172 faked articles
 Nature - rise in biomedical retraction rates  overtakes rise in published papers

Cause:
Rewards and pressures promote extreme behaviours, and normalise malpractice 
(e.g. selective publication of positive novel findings) 

Cures:
Open data for replication 
Transparent peer review
Not just personal integrity – but system integrity

Open data & the inhibition of scientific fraud
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Henry Oldenburg: the scientific journal and the process of peer review 
 
Henry Oldenburg (1619-1677) was a German theologian who became the first Secretary of the Royal Society.  He corresponded with the leading scientists of Europe, and believed that rather than waiting for entire books to be published, letters were much better suited to quick communication of facts or new discoveries.  He invited people to write to him, even laymen who were not involved with science but had discovered some item of knowledge. He no longer required that science be conveyed in Latin, but in any vernacular language. From these letters the idea of printing scientific papers or articles in a scientific journal was born. In creating the Philosophical Transactions of the Royal Society in 1665, he wrote:  
 
"It is therefore thought fit to employ the [printing] press, as the most proper way to gratify those [who] . . . delight in the advancement of Learning and profitable Discoveries [and who are]  invited and encouraged to search, try, and find out new things, impart their knowledge to one another, and contribute what they can to the Grand Design of improving Natural Knowledge . . . for the Glory of God . . . and the Universal Good of Mankind." 
 
Oldenburg also initiated the process of peer review of submissions by asking three of the Society’s Fellows who had more knowledge of the matters in question than he, to comment on submissions prior to making the decision about whether to publish.

REF
Aaron Klug, (2000) “Address of the President, Sir Aaron Klug, O.M., P.R.S., Given at the Anniversary Meeting on 30 November 1999”, Notes Rec. R. Soc. Lond. 2000 54, 99-108.
Marie Boas Hall, Henry Oldenburg: Shaping the Royal Society (Oxford: Oxford University Press 2002).


http://www.guardian.co.uk/science/2012/sep/13/scientific-research-fraud-bad-practice


Infrastructure: e.g. changing technology & the historic role of the library

to collect, to organize, to preserve knowledge, and to make it accessible

What does this mean in 
a post-Gutenberg world? 
• vast data volumes
• vast computational capacity
• instantaneous communication
• interactivity 
• access anywhere, anytime



Changing and adapting: whose responsibilities?

• Scientists: - changing the mindset

• Learned Societies: - influencing their communities

• Universities/Insts: - incentives & promotion criteria
- proactive, not just compliant
- the library function
- management processes

• Funders of research: - mandate intelligent openness
- accept diverse outputs
- cost of open data is a cost of science
- strategic funding for technical solutions 

(a priority for international collaboration)

• Publishers: - mandate concurrent open deposition

• Governments & the EU: - do not over-engineer an ecology with 
emergent properties

Its mostly people & institutions – not systems, regulation & hardware



Don’t preach – Incentivise

Researchers
• Advancement & promotion
• Data citation – 2 for the price of 1

Universities/institutes
• Funding incentives for open data
• Greater potential for scientific value



International

CODATA
• Standards 
• Protocols
• Tools
• Interoperable systems

Research Data Alliance
• Domain specific solutions
• Community stimulation 

Data Bases
• WDS
• GEO
• Etc

Inter-Govt support 
• Horizon 2020
• G8 statement
• Obama White House

National

Funding bodies
• Research Councils
• University Funding Councils
• Research charities

Research performers
• Universities
• Institutes

Learned societies
• National academies
• Disciplinary societies

Technical bodies
• British library
• JISC
• PLOS
• etc

Publishers

Janus

Systems



UK Research Data Forum 
Universities/Institutes; Funders; Publishers; Learned Societies; 

Technical Bodies
(UUK, Russell Group, RCUK, HEFCE, British Library, JISC, RIN, RSC, W3C, 

PLOS, Nature, Wellcome Trust, Dryad, CODATA, W3C etc)    

Purpose
• articulate the rationale, principles, processes and priorities
• coherent approach across the research process
• consistent with and influencing international developments
• practical steps to implement an open data regime & remove barriers
• advise Govt on its proper role (thro’ RSTB)  

First targets
• RC/FC/Univs/Insts concordat (similar to that on research integrity)
• Data citation using Datacite
• Adoption of “intelligent openness” criteria by RCs
• Database registers
• Joint development of SHARE with US “Coherence committee”

Dangers on the flank 
• Publishers inhibition of text and data mining 
• EU confidentiality regulation



Mandate
open data

A data infrastructure ecology:  drivers and self-organising components
(the rationale for the UK Open Data Forum)

• Intelligently 
open data

• Sustainable
• Interoperable
• Persistent 

identifiers
• Metadata 

standards
• Dynamic data

etc

Databases/
repositories

Publishers

ResearchersUniversities/
institutes

• Mandate
intelligently
open data

• Common 
standards
& protocols

Public & 
Charitable
funders

Publishers

• Promotion & 
reward

• Data science
• Support

data
management

• Incentivise
data
stewardship

• Training

Universities/
institutes Researchers

• Mandate 
concurrent
intelligently 

open data
• Easy text 

&  data 
mining

• Data 
custodians
not owners

• Depositing
citeable
data  

Learned
societies

Tools for:
Discovery     Integration
Management Metadata

ETC

Public 
access

REF
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Lots of interchangeable and fluid terms but many shared principles.



www.royalsociety.org
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