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Every time you mentally subtract the cost of a cup of coffee from the money you hand over, you make use of 

one of the most remarkable human intellectual achievements—the use of zero in a positional notation. Take  

an average medical student: in the first year she will likely know more physics than Isaac Newton, and half 

way through her degree know more medicine that Osler. It is one of the striking aspects of our culture that we 

can take insights that have required the greatest leaps of imagination and package and distribute them so that 

their application is almost effortless. Science, as has been said before, is about making what was once profound, 

trivial. What is perhaps even more unexpected  is that those of us less gifted can not only stand on the 

shoulders of those who have gone before,  but fashion their achievements into new structures, structures that 

furnish us with new and useful knowledge almost as a matter of routine. Take the modern randomised clinical 

trial (RCT) as an example. 

 

From planning, through obtaining funding, to enrolling patients and reporting results, the modern RCT is 

now primarily a logistical exercise. From the moment you carry out any meaningful power calculations, you 

have left imagination and serendipity behind. You, metaphorically, turn the crank, and out comes estimates of 

effect at a specified level of uncertainty: it is largely management— probability management [1]. As a 

statistician colleague once confided to me, his consulting (statistical) practice owed little to science or 

discovery, but was akin to what clinicians did in clinic: it required training, diligence, and professionalism, and 

the results were worthwhile. He just didn’t think you should submit such activity as part of any measure of 

research output. We acknowledge the genius of  the famous statisticians Sir Ronald Fisher and Jerzy Neyman 

but we don’t pretend we are engaged in the same sort of activity when we use those statistical tools developed 

by them. 

What is true of the  RCT is true of  much observational and survey based medical research. From funding 

through to analysis, the exercise can be encapsulated in a spreadsheet. More importantly, the success or 

otherwise of the study can also be assessed within the same accountancy spreadsheet framework as a 

commercial contract. If the study fails, it either shouldn’t have been funded, or the investigating team have 

failed to deliver on what was promised, and should be censured if they bid for more contracts at a later date. 

Without any irony, those undertaking such studies rest their own professional futures on the tools of their 

own trade. 

 

The mechanical (and useful) knowledge generation described above does not rest well with our knowledge of 

how great science is done. When we think of beta blockers or H2 antagonists, we remember not the names of 
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the trialists, but that of the Nobelist Sir James Black who developed both these revolutionary drug classes [2]. 

Indeed, as I argue below, the history of ideas suggests that the sorts of structures needed  for the RCT are 

almost opposed to those required to nurture imagination. Trials require more than anything else logistical 

expertise and, fortunately, we live in a society that has this in abundance. Think of the modern supermarket or 

the major online booksellers, and their ability to match desires with supply chains from all over the world. 

Think of the way such organisations, anticipate demand, place real or virtual objects in precise relationship to 

other objects, all in real time, and with commercial competition all around them.  It is difficult to imagine that 

any university health centre could match their prowess. Nor, in my view should they try. Better rather to 

accept that the structures required for innovation are wildly different from those required for large scale 

incremental knowledge generation and to outsource the work to appropriate organisations as needed [3] [4]. 

This distinction I draw—between innovation and incremental advance—might map onto academia on the one 

hand, and industry on the other, but may not [3]. I used the example of  Sir James Black above, whose 

discoveries were made whilst he was employed by industry as was Nobelist Kary Mullis when he invented the 

polymerase change reaction (PCR), a technique that literally revolutionised molecular biology and medicine 

over night [5]. Bell Labs has a record of Nobel prizes that no European university comes anywhere near 

matching. On the other hand virtually the whole of modern cell biology and biotechnology is predicated on 

discoveries made in university laboratories, as are much of the fundamentals of the computing industry and 

the internet.  

 

Innovation: what we know about what we don’t know 

Much has been written about the nature of fundamental discovery, and almost as much has been written 

feigning ignorance of what we do know about it [3] [4]. First, we know major advance is rare [6]. The 

probability of major advance for any single scientist  is low; if we want to increase the odds we need more 

individuals, not clones or flow diagrams [6] [7] . Second, almost by definition, great science means that the 

consensus is wrong. And with this consensus comes the deadening influence of peer review [8]. Peer review 

will either echo the consensus or, when it is perhaps least harmful (except at a personal level), result in your 

ideas being stolen by competitors (for an almost forensic dissection of such see events see Roy [9]). Third, 

great imagination is mostly a property of individuals not large teams [7]. This isn’t to deny the importance of 

milieu, environment is clearly critical, nor to exclude the need for collaboration or piggy-backing on the work 

of others, but simply that great ideas are ‘so crazy’ (to use Neils Bohr’s words) or the path so tortured that few 

are likely to want to waste their time agreeing with you. Fourth, unless you are extremely lucky and able, you 
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will mostly be seen to be wasting your time. It  would seem self-evident—but clearly isn’t judging by so much 

of what is written about medical research—that these criteria do not lend themselves to modern corporate 

ideas about accountability or value for money. But then again, science is a lot older and more disruptive than 

the modern corporation. 

 

The exact mix of skills and activities needed for fundamental advance in medicine is perhaps broader than 

often considered for much other science—it is not just a matter of translating  biochemistry or molecular 

biology to the clinic although this pathway receives the lions share of attention from the biomedical 

community [10] [11]. Pure concentrated thought of the sort involved in Andrew Wyles’ solving of Fermat’s 

Last Theorem also seems rare. On the other hand the idea that agents without nucleic acids are infectious (i.e. 

prions) requires not just a bold leap of imagination, but navigation around a myriad of technical traps that lead 

to fame on one side and ignominy on the other. Introduction of new tools and procedures, think 

transplantation, in vitro fertilisation or modern cataract surgery, requires first the vision and then the ability 

to traverse a long series of obstacles, both technical, as well as the ones imposed by one’s  peers as they try to 

adapt to a changed clinical landscape. Finally, how on earth can anybody prospectively promise they are going 

to describe an as yet undescribed syndrome (think HIV/AIDS or Lyme disease) or make any novel clinical 

observation, let alone pretend to know how useful that observation will be? [12]   

 

Scientists are fond of remembering the battle between Galileo and the Catholic church. And with reason too. 

The importance of the dispute was not just about the orbits of the heavens but rather a confrontation between 

institutional power on the one hand and the necessity to allow individuals to hold independent views. Ever 

since, science and universities have striven with varying success to insulate independence of thought from 

everyday censure. In science the only worthwhile test, is the test in reality, not an appeal to the majority 

nor—and here is the rub— to the beliefs of those who pay the bills.  Understanding this distinction is really 

critical if we want genuine clinical advance of the sort that great science produces. If you want to determine 

the pattern of health of a large number of persons following a health intervention, an exercise that might cost 

hundreds of millions of pounds, you want to leave little to chance. If you specify what you want, then by 

definition you do not need independence of thought, you require a contract with an entity to provide said 

service that will deliver the work in a timely manner according to standardised protocols. If on the other hand, 

you do not know what exactly you want, but just that you want the future to be different from the past, then 

what you need is imagination and with that comes the necessity for independence—and what independence 
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really means in practice is the  absence of censure and scrutiny. What seems obvious is that the structures that 

assess and regulate contracts cannot be the same as those that promote independence of thought—medicine 

requires both bold thinking and more routine assessment of treatment effects. 

 

Some suggestions 

The importance of thinking about what sort of activities lead to medical advance is timely. Health care is 

expensive and  increasingly a drag on the wealth of nations. Despite  more money being spent on medical 

research than ever before, many believe the golden age of medical discovery is over [11] [13] [14]. This 

might be because the low hanging fruit has already been taken— a comforting belief but one that may not be 

justified. Alternatively, it seems possible that the way science is funded and assessed has led to a diminution of 

novel ideas. It is fast becoming acceptable in polite company to admit that current funding streams from say 

the Wellcome Trust or the NIH are not ‘working’—what is often being encouraged is pedestrian and safe, 

rather than high risk-high reward medical research [15]. How can the situation be improved? I would make 

two suggestions, one easy to implement, the other less so. 

First, those who require contract work need to use appropriate terminology. If the NHS wants to fund large 

clinical trials, call them, as has been done in the past, health technology assessment. This is an accurate 

terminology. Do not  include such activity in attempts to manipulate research in the University system by 

classifying them as research.  Bluntly, including such activity in the like of the Research assessment exercise in 

the UK is like Glaxo Smith Kline demanding Higher education funds because they undertook some clinical 

trials. The same can be said for studies of drug side effects and other forms of population surveillance. Pay the 

contract price and if there is a shortage of contractors raise the price and let the market take care of the rest. 

Over long periods of time the need for such work is unlikely to diminish. 

 

Having demarcated some forms of useful knowledge generation that entail little intellectual risk, the trickier 

problem is how to encourage bold thinking in the rest of a system that has become increasingly cautious [6] 

[14]. Scientists and institutions are increasingly risk averse, for the fairly obvious reason that that is what the 

current system of funding encourages. Following the great themes of the day (gene therapy, stem cell biology, 

various shades of ‘omics) is a more stable financial strategy for institutions than attempting to ‘solve’ disease 

[10]. If  success is measured by proxy measures such as grant income or publication impact, rather than the 

diminishing of the burden of disease, then institutions by their nature will follow the more conservative path,  

as it is more predictable and leaves them less financially exposed. Resolving this problem means weakening 
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the chains of accountability of what academics do with their time beyond clinical practice and teaching, an idea 

that is unlikely to appeal to bureaucrats or politicians because it seems like a self-serving justification for idle 

curiosity. There is a great irony here.  If we want to encourage the seeds of imagination and innovation the 

best we can do is provide the right soil—and wait. The last thing we should be doing is endlessly pulling up 

the young seedlings in order to assess how strong they are in the interests of estimating our return on 

investment [16]. 
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