
Below, Henry Markram, Richard Frackowiak, Karlheinz Meier - Co-directors of The Human 
Brain Project – tell us how digital technology has revolutionised the world of science, and 
they explain how massive change and disruption has been fundamental to their work. 
In the last 200 years, new technologies have changed the way we work and live at an 
unprecedented rate. There are many examples including electricity, the internal combustion 
engine and television. With the internet revolution, this phenomenon is repeating itself. 
Radically new information and communications technologies (ICT) developed over the last 
twenty years have brought with them new patterns of employment, new structures of 
economic power, new forms of politics, new threats and new opportunities. Some of the 
biggest effects have been on the world of science. 
Science – starts as a cottage industry 
Thirty years ago high-energy physics or astronomy had big teams and expensive equipment, 
but the bulk of research was the work of highly skilled individuals, in small labs, based in 
developed nations. Neuroscience, basic and clinical, was no exception. Focus was an 
essential element for success with grant applications. Most of the world’s 100,000 
neuroscientists still dig deeper and deeper into one focused problem. Networks and 
consortia are emerging but stay largely within the culture of the old paradigm. The results 
from this approach have been astounding in scope, quality, amount and breadth. All our 
basic concepts have come from such focused investigations executed within this traditional 
model. But today, that model faces serious challenges. 
Neuroscience – the challenges 
Despite strong growth in the number of neuroscientists and papers published, and a global 
investment of about 7 billion Euro per year (1 billion in Europe), the benefits to society are 
disappointing. Finding new diagnostic tools and treatments for many common brain 
diseases, have become increasingly difficult. The number of new drugs coming onto the 
market is falling, pharma companies have withdrawn investment. Neuroscience has little to 
say authoritatively about the kinds of nutrition, education or social conditions that might 
reduce the risk of brain diseases. The culture is to go for “big discoveries”. Publish and move 
on. Neuroscience proceeds without a plan for the growing volumes of data it produces, 
without a curation process to secure its value for the future as knowledge. Medicine, locked 
in a symptom-based diagnostic paradigm, struggles forward without a biological 
classification scheme for brain diseases. These are some factors eroding the impact of 
neuroscience. Strong foundations will be needed to understand the brain across all scales 
and levels of organization. Neuroscience lags behind many other sciences that have already 
embraced the digital era to build such solid and common foundations for their discipline. 
Fortunately, new paradigms and change are coming. 
Big Science 
Big science emerges when a discipline is faced with radical paradigm changing opportunities 
leading to transformation of approaches and culture. ICT represents such a transformative 
opportunity, in the same way that calculus did in the 17th century. CERN’s Large Hadron 
Collider (LHC) brought together physicists from 35 countries to explore the basic building 
blocks of matter – leading to the discovery of the Higgs Boson. The Human Genome Project 
mapped the whole human genome – immediately giving birth to a myriad of other projects. 
Launched in 2000, the Sloan Digital Sky Survey (SDSS) mapped every stellar object in 35% 
of the sky. NASA built the NASA Climate Simulation Center for scientists to conduct digital 
experiments, exploring the dynamics of past climate change and future scenarios. Without 
high performance computing technology to analyse massive data volumes and to run 
complex simulations and non-linear models, and without internet communications to enable 
effective long-distance collaboration and data sharing between scientists scattered across 
the globe, none of this would have been possible. 
Publishing in the digital era 



In parallel with the emergence of big experimental science, the internet has driven the rise 
of online Open Access publishing, making it easier to publish and to access work published 
by others. The internet is pushing publishing to the forefront of the digital era. Scientists the 
world over are gaining access to a body of knowledge heretofore locked up in subscription 
journals. Big data and internet technologies empower search and analysis tools that make 
possible the intelligent assessment of millions of articles, with their data, to produce 
integrated and connected answers to complex questions. High performance computing and 
machine learning make it possible to explore all possible associations and interactions 
hidden in data. The result multiplies the value of heterogeneous data produced by individual 
labs and standardized data produced by big science initiatives and industry. 
Big Neuroscience 
Big science is knocking on neuroscience’s door. Can the human brain be mapped 
exhaustively with classical approaches? If the challenge is to catalogue its 100 billion 
neurons, the billion proteins in each neuron and the billions of chemical interactions between 
them, the trillion or so synapses that connect neurons, that might be just feasible - in a 
century or two, using futuristic technologies and massive investment. Some big experimental 
brain mapping has started. The Allen Brain Institute has combined state of the art automated 
microscopy with digital image processing to industrialize the building of specific, detailed 
new atlases of mouse and human brains. There are other international brain initiatives 
underway that are also developing industrial-scale mapping and so laying solid foundations 
for future research. But, there should be no illusion. Mapping the brain in any traditional 
sense is an intractable problem. The brain is not a static structure. It is more like a symphony 
written in our genes that plays out for the whole of our lives producing an ever changing 
brain. 
The Human Brain Project 
The EU’s Human Brain Project (HBP) is turning the challenge of mapping the human brain 
on its head. What we are trying to discover are the basic rules, the design principles that 
biology uses to construct the brain - at any stage, in any state. To find them, we need a 
completely new ICT infrastructure to absorb large amounts of data - to analyse them and to 
derive a first set of rules by simulation. The preliminary set will be continuously refined, 
iteratively, to produce a better and better blueprint of the functional and structural 
architecture of the human brain. Such an iterative process is not possible without big digital 
science technology. With such technology, we no longer need to wait for an unattainable 
"complete" set of data. This is what the HBP is doing. Not as a substitute for classical 
approaches, but as a previously untried complement. For Europe, the HBP is a unique bold 
step. Brain reconstructions built on fundamental principles and fed pragmatically with 
available data can help us fill vast gaps in our knowledge and accelerate brain mapping. By 
mining clinical data on Europe's patients we can similarly search for biological signatures of 
disease, establish a map of all brain diseases - a completely new foundation for their 
diagnosis and treatment. 
Supercomputers have come of age. With a billion billion calculations per second it is possible 
to simulate dynamic brain processes at all levels of brain organization from the microscopic 
(molecules) to the macroscopic (behavior). Additionally come opportunities for revolutionary 
in silico experiments, probing mechanisms of cognition, behaviour and disease in ways that 
would never be possible using laboratory experiments alone. Neuroscience could become 
one of the biggest beneficiaries of the recent revolutions in computer science. One can 
imagine building a new generation of computers using design principles of the brain – the 
age of neuromorphic computing can begin to complement our present binary digital 
computers. 
Opposition to change 

https://www.humanbrainproject.eu/


Of course, radical changes breed reactionary opposition. As late as 1990, Science reported 
a grass-roots effort by the scientific community to stop the Human Genome Project, which 
detractors considered to be “mediocre science” and “terrible science policy” [1]. An influential 
scientist and critic of ENCODE, a successor project to the HGP, protested that it was “…not 
the work of scientists” but of a “group of badly trained technicians" [2]. The HBP has also 
been the subject of such polemics, well covered in Nature. At the core of the HBP is a large, 
non-competitive, multi-disciplinary team of scientists, engineers and clinicians located 
around the world, working to a common vision according to a mutually agreed roadmap, 
designing, implementing and using a common ICT infrastructure to build, for example, a 
synapse, a neurone, a whole brain, to analyse patient data, simulate a disease or drug effect, 
build a new computer, or design a robot. This vision represents a major cultural challenge 
to the status quo. Sharing ideas, knowledge, data, and tools before publication is unusual, 
so the credit and incentive systems are challenged. How will contributions be recognised? 
Physicists have overcome these cultural changes, so we can look to our colleagues to solve 
these issues, rather than avoiding them as too difficult to overcome. 
Adjusting to change 
Big Science challenges previous paradigms and ways of thinking - small telescopes are no 
longer used, individual labs no longer sequence genes by hand. Success however 
generates momentum and enthusiasm for new methods, which have always created new 
funding opportunities, new jobs, new industries, new avenues for research. Disciplines that 
have integrated modern data management and integration with calculation power into their 
culture - particle physics, astronomy, genomics - are flourishing as never before. Without 
the Human Genome project biological and medical research would still be in the dark ages 
and crucially without the insight that genetic variation and disease expression do not relate 
through clear linear relationships. The project has given birth to hundreds of new companies 
dedicated to equipment for genomics research, DNA sequencing, and medical diagnostics. 
According to one estimate, the project has yielded a return of 136 EUR for every dollar of 
public investment in the US alone [4]. The announcement of the European Human Brain 
Project has mobilized international communities. Brain initiatives are emerging globally. 
Nations are giving top priority to brain research, providing new funding for novel approaches. 
The challenge is enormous, the risks are high, but by not trying, we risk far more. Brain 
disorders already cost the European Economy about 800 billion EUR a year [5], affecting 
the lives of some 127 million Europeans. 
Public policy 
Every new technology raises issues of public policy. For instance, the Human Brain Project 
aims to mine and analyse huge volumes of patient data in hospital archives to identify 
biological signatures of brain disease. Obtaining these data has already cost trillions of euros 
of public money. It now just sits there, unused and fades away. Exploiting these data could 
bring added value to the public health agenda and yield enormous rewards in terms of better 
diagnosis and treatment, and precision medicine. Today, new ICT offers technical solutions 
to protect patient privacy, paving the way for new policies to open up clinical data for 
analysis. Maintaining valuable data resources and operating large instruments and 
infrastructures will require new funding models. Maximizing the economic and social benefits 
of this new model of discovery requires new incentives for the sharing of data and tools as 
well as new models for joint intellectual property across international teams. 
Like other revolutionary technologies that preceded it, big digital science is already part of 
our lives. In the coming years, its impact will grow deeper and wider. Now it has come to 
neuroscience, it is giving us keys to understand the brain, which ironically is itself the ultimate 
big data machine. 
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