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Grand challenges in and beyond science
I want to highlight four topics of immediate concern to me, each of them grand
challenges. The fifth topic, open science, will be dealt with in a session tomorrow
evening.
•
•
•
•
•
•

Three are grand challenges in science itself, which all academies (and funders and
research institutions and journals) will be alert to and maybe need to be more so:
Collaboration,
Integrity – both technical and ethical – and
Multidisciplinarity.
Without getting these right, science’s ability to fulfil its potential within Grand
Challenges Facing Humanity, and be trusted in doing so, will be undermined.
The fourth grand challenge is indeed a Grand Challenge facing Humanity within noncommunicable diseases: the burden of Mental Ill-health. I will address this in terms
of specific global research challenges.

The rise of research networks
Jonathan Adams Nature 490 335 2012 (18 October)
Collaborations between 2005 and 2009 – Elsevier author analysis

The rise of research networks
Jonathan Adams Nature 490 335 2012 (18 October)
•

India has a growing research network with Japan, South Korea and Taiwan, although
it is not as frequent a collaborator with China as one might expect.

•

In the Middle East, Egypt and Saudi Arabia have a strong research partnership that is
drawing in neighbours including Tunisia and Algeria. The annual tally of joint
Egyptian–Saudi Arabian papers has risen tenfold in the past decade and is
accelerating. Less than 5% of these papers have a co-author from the United States,
the biggest partner outside the region for both countries.

•

Latin America has an emerging research network focused around Brazil, which —
despite language differences — has doubled its collaboration with Argentina, Chile
and Mexico in the past five years.

•

By contrast, Africa has three distinct networks: in southern Africa, in French-speaking
countries in West Africa and in English-speaking nations in East Africa.

•

These clusters indicate that proximity is just one of several factors in networks.
Nigeria, for example, collaborates not with its neighbours in West Africa but with colinguists in East Africa. This mirrors a global tendency to use paths of least resistance
to partnership, rather than routes that might provide other strategic gains.

Integrity: ethical
• There has been much discussion about
ethical integrity. Notable amongst the
issues of concern is the responsibility of
co-authors of research papers, especially
in international collaborations.

Technical integrity: irreproducibility
Manifestations:
• Growth in formal corrections in journals
• Failures to replicate high-impact by biotech and
pharma
• Public discussions eg in Nature, in US Congress
• Discussion so far focused on preclinical
laboratory biology, but similar concerns eg in
Earth and environmental sciences and materials
research.

“A call for transparent reporting to optimize
the predictive value of preclinical research”
•
•
•

Randomization
•Animals should be assigned randomly to the various experimental groups, and the method of randomization reported.
•Data should be collected and processed randomly or appropriately blocked.

•
•
•

Blinding
•Allocation concealment: the investigator should be unaware of the group to which the next animal taken from a cage will be allocated.
•Blinded conduct of the experiment: animal caretakers and investigators conducting the experiments should be blinded to the allocation
sequence.
•Blinded assessment of outcome: investigators assessing, measuring or quantifying experimental outcomes should be blinded to the
intervention.

•
•
•
•

Sample-size estimation
•An appropriate sample size should be computed when the study is being designed and the statistical method of computation reported.
•Statistical methods that take into account multiple evaluations of the data should be used when an interim evaluation is carried out.

•
•
•
•

Data handling
•Rules for stopping data collection should be defined in advance.
•Criteria for inclusion and exclusion of data should be established prospectively.
•How outliers will be defined and handled should be decided when the experiment is being designed, and any data removed before
analysis should be reported.
•The primary end point should be prospectively selected. If multiple end points are to be assessed, then appropriate statistical corrections
should be applied.
•Investigators should report on data missing because of attrition or exclusion.
•Pseudo replicate issues need to be considered during study design and analysis.
•Investigators should report how often a particular experiment was performed and whether results were substantiated by repetition under
a range of conditions.

•
•
•
•

Landis et al., Nature 490 187–191 (11 October 2012) doi:10.1038/nature11556

Actions
Nature and Nature research journals have:
• published articles to raise awareness and clarify
the issues,
• strengthened our checklist for editors, authors
and referees,
• Appointed advisers in basic statistics,
• catalyzed high-level discussions between journal
editors, funders and researchers
NIH and Cancer Research UK are among other
organisations strengthening their approaches to
technical integrity

Technical integrity: generic issues
•
•
•
•
•
•

Publication of refutations – where?
Inadequate lab training
Inadequate lab supervision
Inadequate data deposition
“It pays to be sloppy”
Excessive pressure to publish

Multi-disciplinarity challenges:
research assessment
Editorial and peer-review assessment challenges
that affect funding agencies too:
• finding appropriate referees across all relevant
disciplines and integrating their assessments
• thinking imaginatively and holistically about
potential interest in a submission or proposal
• understanding alien concepts and language
• independent overview and strong judgement

Climate change challenges
•
•

Climate Change, Agriculture and Food Security in Tanzania
by Arndt, C., W. Farmer, K. Strzepek and J. Thurlow
Review of Development Economics, 16(3): 378–393, 2012

•

Due to their reliance on rain-fed agriculture, both as a source of income and
consumption, many low-income countries are considered to be the most vulnerable to
climate change.
Here, we estimate the impact of climate change on food security in Tanzania.
Representative climate projections are used in calibrated crop models to
predict crop yield changes for 110 districts in Tanzania. These results are in
turn imposed on a highly disaggregated, recursive dynamic economy-wide
model of Tanzania.
We find that, relative to a no-climate-change baseline and considering domestic
agricultural production as the channel of impact, food security in Tanzania appears
likely to deteriorate as a consequence of climate change.
The analysis points to a high degree of diversity of outcomes (including some
favorable outcomes) across climate scenarios, sectors, and regions.
Noteworthy differences in impacts across households are also present both by
region and by income category.

•

•
•

Emerging migration flows in a changing climate in
dryland Africa
Nature Climate Change 2012

Fears of the movement of large numbers of people as a result of changes in the
environment were first voiced in the 1980s. Nearly thirty years later the numbers
likely to migrate as a result of the impacts of climate change are still, at best,
guesswork.
Owing to the high prevalence of rainfed agriculture, many livelihoods in sub-Saharan
African drylands are particularly vulnerable to changes in climate. One commonly
adopted response strategy used by populations to deal with the resulting livelihood
stress is migration.
Here, we use an agent-based model developed around the theory of planned behaviour
to explore how climate and demographic change, defined by the ENSEMBLES
project and the United Nations Statistics Division of the Department of Economic and
Social Affairs, combine to influence migration within and from Burkina Faso.
The emergent migration patterns modelled support framing the nexus of climate
change and migration as a complex adaptive system. Using this conceptual
framework, we show that the extent of climate-change-related migration is
likely to be highly nonlinear and the extent of this nonlinearity is dependent on
population growth; therefore supporting migration policy interventions based
on both demographic and climate change adaptation.

Psychiatric disorders
• Neuroscientists can study the genome and
genetics, the environmental influences on gene
expression, and the neural circuits
• Psychologists can study the behaviours and
thought patterns
• Social scientists can study sufferers’ view of
themselves, and the cultural and social
influences.
• Challenge to bring these together, eg in ADHD,
eg in childhood stress, eg in adolescents, eg in
migrating populations, …..

General conclusions for editors,
funders and academies
• Increasingly, we/you need to be joined up
across the disciplines!
• Sounds simple, but isn’t.

Global burdens of disease
WHO 2004

Global burdens of disease
WHO 2004

Mental disorders: frequently early onset

Neurological disorder: frequently later onset
Old age

birth

Mental Disorders with proportionally high incidence in …..
Childhood/adolescence
Mental retardation
Hyperkinetic dis./ADHD
Conduct disorders
Pervasive developm.dis.
Phobias
Anorexia nervosa
Some epilepsies

Late adolescence
Drug use disorders
Panic, OCD, PTSD
Mood disorders
Somatoform disorders
Schizophrenic dis.
Bulimia nervosa
Personality disorders.

Adulthood (ages 20-50)
Later
Oldlife
age
Adulthood
Alcohol dependence
Alcohol dependenceStroke
Depression
Parkinson‘s disease
Depression
Generalized Anxiety dis.
Dementias
Sleep disorders
Sleep disorders
Multiple Sclerosis
Subthreshold anxiety
Traumatic brain injury
and depression
Brain tumours
„multimorbidity“
Neuromuscular dis.

Contrast between health burdens and
research effort – UK
(Other national comparisons welcome!)

Examples of research
•
•
•
•
•

New biological tools
Genetics
Environment
Social science
Psychological treatments

Biology of environmental influences
Epigenetic consequences of social
experiences across the lifespan.
Emerging evidence suggests that
prenatal environmental exposures,
postnatal mother–infant interactions,
juvenile social rearing, and adult social
stress can alter epigenetic processes
such as DNA methylation (red circles)
and histone acetylation (green
circles)/methylation with long term
consequences for gene expression,
physiology, and behavior.
(Ack. F A Champagne 2010)

Alternative therapeutic strategies to
address cognitive impairment

Grand Challenge includes:
• Goal: Identify root causes, risk and
protective factors
• One of top 25 challenges: understand the
impact of poverty
• One research question: understand
relationship between early fetal and child
development on onset of mental health
disorders (which requires multidisciplinary
approach)

Academies roles include fostering:
• In the context of poverty and sustainable
development, academies need to foster:
• Within research and research policy,
strategic collaborations, ethical and
technical integrity in science,
multidisciplinary integration;
• As a research goal in global health,
support for prevention and mitigation of
mental ill-health

Thanks for your
attention!
p.campbell@nature.com

