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Dedication

To whom it may concern.

And Archie.

And Alice.
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Intro

This is a collection of my most fun fights, but the fighting is just an excuse. There is nothing complicated about science, and people can understand anything, if they’re sufficiently motivated. Coincidentally, people like fights. That’s why I’ve spent the last ten years lashing science to mockery: it’s the cleanest way I know to help people see the joy of statistics, and the fascinating ways that evidence can be distorted or ignored. 

But these aren’t personal attacks, and I’m not an angry person. All too often, people hoping to make science accessible fall into the trap of triumphalism, presenting science as a canon, and a collection of true facts. In reality, science is about the squabble. Every fight you will read in this book, over the meaning of some data, is the story of the scientific process itself: you present your idea, you present your evidence, and we all take turns to try and pull them both apart. This process of close critical appraisal isn’t something we tolerate reluctantly, in science, with a grudge: far from it. Criticism and close examination of evidence is actively welcomed – it is the absolute core of the process – because ideas only exist to be pulled apart, and this is how we spiral in on the truth.

Away from the newspapers and science TV shows you can see that process, very clearly, in the institutions of science. The question-and-answer session at any academic conference, after someone presents their scientific research, is often a bloodbath: but nobody’s resentful, everyone expects it, and we all consent to it, as a kind of intellectual S&M activity. We know it’s good for our souls. If the idea survives, then great; if it needs more evidence, we decide what studies are needed next and do them. Then we all come back next year, tear the evidence apart again, and have another think. Real scientists know this. Only the fakers cry foul. 

In short, this book has a manifesto: check the evidence and fight back against anyone who tries to stop you. Along the way, you will get a grounding in statistics, study design, evidence-based policy and much more, in bite-size chunks. Because while my last two books – Bad Science and Bad Pharma – were polemics with a shape, this is a racing collection of short pieces. As such, I hope it works as a kind of statistics toilet book, bringing satisfaction in short bursts, with a fight and an idea in each one. 

So in the section of this book on surveys, we laugh at the stupidity of the nuclear power industry, some silly anti-abortionists and StoneWall (whom I actually adore). Or, if you prefer: we learn about the distortions of ‘participant bias’, misleading question design and a sticky problem involving a complex time-dependent variable. In the first piece of the book we cover some surprisingly unprofessional behaviour from a Baroness, Professor and previous Director of the Royal Institution. Or, if you prefer: we cover post-publication peer review and why the conventions of academic journals are helpful. 

These pieces cover two decades of work. There are lots of Guardian columns, but also academic papers, a report for the UK education minister, my work in the Romney, Hythe and Dimchurch Railway Guidebook, the odd undergraduate essay and more. If I’m honest, it’s pretty soulful (for me, not you) looking back over two decades and seeing what has changed. I was in my twenties and barely out of medical school when I started writing a column in the Guardian. As time passed, the targets got bigger, my day job took me through postgraduate qualifications and grown-up battles, and I think I got better at pulling claims apart. There was also discipline from outside: writing about other people’s misdeeds, collecting ever greater numbers of increasingly powerful enemies – and all under British libel law – is like doing pop science with a gun to your head. So for that, thanks. 

At the end I might tell you a little about how I work, why I do what I do, who made me, and how things have changed over the past two decades. For now, let’s just say I’m very grateful to all the many companies and people who, by their optimistically bad behaviour under fire, have given narrative colour to what might otherwise have been some very dry explanations of basic statistical principles.

What’s in this book

I’ve written 500,000 words in the last decade, so there is no repetition, and the corpses of folk like Gillian McKeith, the homeopaths and Big Pharma are left in my previous two books (although these characters fight on, like zombies, in the real world). My academic work on statins and Big Data is saved for a fun project that will be launching shortly. Lastly, most of my writing on randomised trials in education, policing and everywhere else is held back, as my book on this topic will come out in due course. 

There is, however, some structure to this school reunion. In How SCIENCE WORKS we cover peer review, how research is unpicked and critiqued after publication, how we deal with contradictory research, the importance of methods and results being freely available, whether it matters who a researcher is, how cherry-picking harms science, and how myths are made when inconvenient results are ignored.

In BIOLOGISING we cover crass reductionism, including the peculiar beliefs that pain is only real when we can see it on a brain scanner, that misery is best thought of as molecular, and that girls like pink ‘because they evolved to look for berries’. In STATISTICS we start with easy maths and accelerate painlessly to some fairly advanced notions. We cover why the odds of three siblings sharing a birthday is not 48,627,125 to 1, why spying on us all to spot the occasional terrorist is highly unlikely to work, how statistical tools for fraud helped catch Greece faking its national economic data, what you can tell from a change in abortion rates for Down’s syndrome, the many ways you can slice data to get the answer you want, the hazards of looking for spatial patterns on maps, and the most core statistical skill of all: how we can detect a true signal from everyday variation in background noise.

Then we go on to the glory of BIG DATA, the battles with government to get hold of it, the risks of sharing medical records with all and sundry, and the magical way that patterns emerge from the formless static of everyday life when you have huge numbers. In SURVEYS we learn the tricks of a sticky trade, and then we shift up a gear to cover EPIDEMIOLOGY, my day job, the science of spotting patterns in disease. Here we see how clever things called funnel plots can help to show whether one area’s healthcare really is any worse than another’s, whether an increase in antidepressant prescriptions really does mean more people are depressed (or even whether more people are taking antidepressants), and the core skill of all epidemiology: how to correct for ‘confounding variables’, or rather: how to make sure that apparent correlations in your data are real. In an overview of bicycle helmet research, we review every epidemiological error in the textbooks, and a grand claim about the benefits of screening for diseases helps show that doing something – even something small – can often be worse than doing nothing at all. We see why different study designs are needed to research common and rare diseases, and how frail memories can distort the findings, why we should never assume that laboratory tests are correlated with real patients’ suffering, and how simple blinded experiments can spot if a £70 wine magnetiser really does change the flavour.

In the section on BAD ACADEMIA, we see how whole fields have been undermined by the simple misuse of statistics. We find one simple statistical error made in half of all neuroscience papers, and, by using forensic methods, we can see that brain-imaging researchers must be up to no good, because collectively they are publishing far more positive findings than the overall numbers of participants in their research could possibly, plausibly, statistically, sustain. We see bad behaviour around journals retracting papers, and appallingly poor standards in animal research, alongside academic journals publishing wildly crass papers on how, for example, people with Down’s syndrome really are a bit like the Chinese. 

In GOVERNMENT STATISTICS we see ludicrous overclaiming around public and private sector salaries (where commentators fail to compare like with like), Home Office figures on child abuse pulled almost from thin air, a government figure on the cost of piracy that assumes everyone in the country should be spending £9,700 each on DVDs and music every year, crime prevention numbers to support a national DNA database that simply do not add up, and a headline figure on local council overspending, from the Department for Communities and Local Government, whose derivation is so offensively stupid it almost defies belief. We also see there is no evidence that hosting events like the Olympics has any health benefit for the host nation. 

EVIDENCE-BASED POLICY is a slightly different fish: is there really good evidence for the policies that governments choose? Here we see that the evidence supporting the redisorganisation of the NHS is weak and that the figures on poor performance in the NHS used to justify it are over a decade old, and when the minister tries to argue back, he digs a very deep hole. We see how a historic failure to run simple randomised trials on policy issues has left us ignorant on basic questions about what works, and then whizz through a few simple questions, showing how evidence can be checked for each one: is porn in sperm donor clinics a good idea, is organic food really better, is it wise for the Catholic Church to campaign against condoms, and are exams really getting easier? We see a thinktank report on maths, promoted by a TV maths professor, that gets its own maths catastrophically wrong, and a select committee misleading, and being misled. After all this carping, in a report for the Department For Education I set out how the teaching profession could have its own evidence-based practice revolution to mirror what we’ve seen in medicine (and review, along the way, how senior doctors as late as the 1970s fought back, to defend that favourite of the old and powerful: eminence-based medicine). 

Recreational DRUGS are a magnet for bad policy, because ideology often conflicts with the evidence, so the temptation to distort the data is powerful. Here we see wildly inflated government figures for crop captures in Afghanistan (with a minister claiming that peasant farmers receive the entire street price from every £10 bag of heroin sold in London), and ask why death was quietly dropped from the government’s measures of drug-policy success, before an essay explaining why the UK prescribed heroin for heroin addicts from the 1920s onwards, why we stopped and why we should start again. 

LIBEL is a subject close to my heart, having been through the process too many times. In this section, we see how the people who sue tend not to be very nice, and how their legal aggression can – to my great pleasure – backfire. This section also includes breast-enhancement cream, and the brief return of Gillian McKeith.

I’ve always railed against the idea that QUACKS are manipulators, with innocent victims for customers: one woman’s trip to intensive care presents an opportunity to see where the blame really lies, when quacks have their magical beliefs routinely reinforced by journalists and the government. More than that, we see how serious organisations – from universities to medicines regulators – can fail to uphold their own stated values when under political pressure or seduced by money. Then we have a brief interlude to look at three peculiarly enduring themes in modern culture: MAGIC BOXES of secret electronic components with supernatural powers (to detect bombs, cure cigarette addiction and even find murdered children), AIDS denialism (at the Spectator, of all places), and, in ELECTROSENSITIVITY, people eager to claim that electrical fields make you unwell (while selling you expensive equipment to protect yourself, and seducing journalists from broadsheets to the BBC’s Panorama).

If science is about the quest for truth, then equally important is the science of IRRATIONALITY – how and why our hunches get things wrong – because that’s the reason we need fair experiments and careful statistics in the first place. Here we see how our intuitions about whether a treatment works can be affected by the way the numbers are presented, how our outrage is lower when a criminal has more victims, why blind auditions can help combat sexism in orchestras, how people can turn their back on all of science when some evidence challenges just one of their prejudices, how people win more in a simple game when they’re told they’ve got a lucky ball, how responding to a smear can reinforce it, how smokers are misled by cigarette packaging, how people can convince themselves that patients in comas are communicating, and how negative beliefs can make people experience horrible side effects, even when they’re only taking sugar pills with no medicine in them. In this section I also unwisely disclose my own positive and creative visualisation ritual, and the evidence behind it. 

In BAD JOURNALISM we see the many different ways that journalists can distort scientific findings: misrepresenting an MSc student’s dissertation project with a headline that claims scientists are blaming women for their own rape, creating vaccine scares, and saying that exercise makes you fat. We also see the techniques journalists use to mislead, by burying the caveats and failing to link to primary sources, then we review research showing that academic press releases are often to blame, and that crass reporting on suicide can create copy-cat behaviour. The work in this section has made me extremely unpopular with whole chunks of the media, but I truly don’t think there’s anything personal here: the pieces are simply straight explanations, illustrating how evidence has been misrepresented by professional people with huge public influence. In light of that, I’ve included some attacks on me by others, and you can make what you will of their backlash. Lastly, we see how hit TV science series BRAINIAC – which sells itself on doing truly dangerous, really ‘real’ science – simply fakes explosions with cheap stage effects. 

In the final furlong, there’s a collection of STUFF: my affectionate introduction in the guidebook of a miniature steam railway that takes you through council estates to the foot of a nuclear power station, and a guide to stalking your girlfriend through her mobile phone (with permission). Lastly there are some EARLY SNARKS. Reading your own work from ten years ago is a bit like being tied down, with your eyelids glued open, and forced to watch ten-foot videos of yourself saying stupid things with bad hair. But in case you miss the child I once was, here I take pops at cosmetics companies selling ‘trionated particles’, do the maths on oxygenated water that would drown you before it did any good, and cry at finding New Scientist being taken in by some obviously fake artificial intelligence software. 

So welcome, again, to my epidemiology and statistics toilet book. By the simple act of keeping this book next to the loo you will – I can guarantee it – develop a clear understanding of almost all the key issues in statistics and study design. Your knowledge will outdo that of many working scientists and doctors, trapped in the silo of their specialist subjects. You will be funny at parties and useful at work, and the trionated ink molecules embedded in every page will make you youthful, beautiful and politically astute. 

I hope these small packages bring you satisfaction.

2014


HOW SCIENCE WORKS


Why Won’t Professor Susan Greenfield Publish This Theory in a Scientific Journal?

Guardian, 22 October 2011

This week Baroness Susan Greenfield, Professor of Pharmacology at Oxford, apparently announced that computer games are causing dementia in children. This would be very concerning scientific information; but it comes to us from the opening of a new wing at an expensive boarding school, not an academic conference. Then a spokesperson told a gaming site that’s not really what she meant. But they couldn’t say what she does mean.

Two months ago the same professor linked internet use with the rise in autism diagnoses (not for the first time), then pulled back when autism charities and an Oxford professor of psychology raised concerns. Similar claims go back a very long way. They seem changeable, but serious.

It’s with some trepidation that anyone writes about Professor Greenfield’s claims. When I raised concerns, she said I was like the epidemiologists who denied that smoking caused cancer. Other critics find themselves derided in the media as sexist. When Professor Dorothy Bishop raised concerns, Professor Greenfield responded: ‘It’s not really for Dorothy to comment on how I run my career.’

But I have one, humble, question: why, in over five years of appearing in the media raising these grave worries, has Professor Greenfield of Oxford University never simply published the claims in an academic paper?

A scientist with enduring concerns about a serious widespread risk would normally set out their concerns clearly, to other scientists, in a scientific paper, and for one simple reason. Science has authority, not because of white coats or titles, but because of precision and transparency: you explain your theory, set out your evidence, and reference the studies that support your case. Other scientists can then read it, see if you’ve fairly represented the evidence, and decide whether the methods of the papers you’ve cited really do produce results that meaningfully support your hypothesis.

Perhaps there are gaps in our knowledge? Great. The phrase ‘more research is needed’ has famously been banned by the British Medical Journal, because it’s uninformative: a scientific paper is the place to clearly describe the gaps in our knowledge, and specify new experiments that might resolve these uncertainties.

But the value of a scientific publication goes beyond this simple benefit of all relevant information appearing, unambiguously, in one place. It’s also a way to communicate your ideas to your scientific peers, and invite them to express an informed view.

In this regard, I don’t mean peer review, the ‘least-worst’ system settled on for deciding whether a paper is worth publishing, where other academics decide if it’s accurate, novel, and so on. This is often represented as some kind of policing system for truth, but in reality some dreadful nonsense gets published, and mercifully so: shaky material of some small value can be published into the buyer-beware professional literature of academic science; then the academic readers of this literature, who are trained to critically appraise a scientific case, can make their own judgement.

And it is this second stage of review by your peers – after publication – that is so important in science. If there are flaws in your case, responses can be written, as letters to the academic journal, or even whole new papers. If there is merit in your work, then new ideas and research will be triggered. That is the real process of science.

If a scientist sidesteps their scientific peers, and chooses to take an apparently changeable, frightening and technical scientific case directly to the public, then that is a deliberate decision, and one that can’t realistically go unnoticed. The lay public might find your case superficially appealing, but they may not be fully able to judge the merits of all your technical evidence.

I think these serious scientific concerns belong, at least once, in a clear scientific paper. I don’t see how this suggestion is inappropriate, or impudent, and in all seriousness, I can’t see an argument against it. I hope it won’t elicit an accusation of sexism, or of participation in a cover-up. I hope that it will simply result in an Oxford science professor writing a scientific paper, about a scientific claim of great public health importance, that she has made repeatedly – but confusingly – for at least half a decade.


Cherry-Picking Is Bad. At Least Warn Us When You Do It

Guardian, 24 September 2011

Last week the Daily Mail and Radio 4’s Today programme took some bait from Aric Sigman, an author of popular-sciencey books about the merits of traditional values. ‘Sending babies and toddlers to daycare could do untold damage to the development of their brains and their future health,’ explained the Mail.

These news stories were based on a scientific paper by Sigman in the Biologist. It misrepresents individual studies, as Professor Dorothy Bishop demonstrated almost immediately, and it cherry-picks the scientific literature, selectively referencing only the studies that support Sigman’s view. Normally this charge of cherry-picking would take a column of effort to prove, but this time Sigman himself admits it, frankly, in a PDF posted on his own website.

Let me explain why this behaviour is a problem. Nobody reading the Biologist, or its press release, could possibly have known that the evidence presented was deliberately incomplete. That is, in my opinion, an act of deceit by the journal; but it also illustrates one of the most important principles in science, and one of the most bafflingly recent to emerge.

Here is the paradox. In science, we design every individual experiment as cleanly as possible. In a trial comparing two pills, for example, we make sure that participants don’t know which pill they’re getting, so that their expectations don’t change the symptoms they report. We design experiments carefully like this to exclude bias: to isolate individual factors, and ensure that the findings we get really do reflect the thing we’re trying to measure.

But individual experiments are not the end of the story. There is a second, crucial process in science, which is synthesising that evidence together to create a coherent picture.

In the very recent past, this was done badly. In the 1980s, researchers such as Celia Mulrow produced damning research showing that review articles in academic journals and textbooks, which everyone had trusted, actually presented a distorted and unrepresentative view when compared with a systematic search of the academic literature. After struggling to exclude bias from every individual study, doctors and academics would then synthesise that evidence together with frightening arbitrariness.

The science of ‘systematic reviews’ that grew from this research is exactly that: a science. It’s a series of reproducible methods for searching information, to ensure that your evidence synthesis is as free from bias as your individual experiments. You describe not just what you found, but how you looked, which research databases you used, what search terms you typed, and so on. This apparently obvious manoeuvre has revolutionised the science of medicine.

What does that have to do with Aric Sigman, the Society of Biologists, and their journal, the Biologist? Well, this article was not a systematic review, the cleanest form of research summary, and it was not presented as one. But it also wasn’t a reasonable summary of the research literature, and that wasn’t just a function of Sigman’s unconscious desire to make a case: it was entirely deliberate. A deliberately incomplete view of the literature, as I hope I’ve explained, isn’t a neutral or marginal failure. It is exactly as bad as a deliberately flawed experiment, and to present it to readers without warning is bizarre.

Blame is not interesting, but I got in touch with the Society of Biology, as I think we’re more entitled to have high expectations of them than of Sigman, who is, after all, some guy writing fun books in Brighton. They agree that what they did was wrong, that mistakes were made, and that they will do differently in future.

Here’s why I don’t think that’s true. The last time they did exactly the same thing, not long ago, with another deliberately incomplete article from Sigman, I wrote to the journal, the editor, and the editorial board, setting out these concerns very clearly.

The Biologist has actively decided to continue publishing these pieces by Sigman, without warning. They get the journal huge publicity; and fair enough. I’m no policeman. But in the two-actor process of communication, until it explains to its readers that it knowingly presents cherry-picked papers without warning – and makes a public commitment to stop – it’s for readers to decide whether they can trust what the journal publishes.


Being Wrong

Guardian, 15 July 2011 

Morons often like to claim that their truth has been suppressed: that they are like Galileo, a noble outsider fighting the rigid and political domain of the scientific literature, which resists every challenge to orthodoxy.

Like many claims, this is something for which it’s possible to gather data.

Firstly, there are individual anecdotes that demonstrate the routine humdrum of medical fact being overturned. We used to think that hormone-replacement therapy significantly reduced the risk of heart attacks, for example, because this was the finding of several large observational studies. That kind of research has important limitations: if you just grab some women who are receiving prescriptions for HRT from their doctors, and compare them to women who aren’t getting HRT, you might well find that the women on HRT are healthier, but that might simply be because they were healthier to start with. Women on HRT might be richer, or more interested in their health, for example. At the time, this research represented our best guess, and that’s often all you have to work with. Eventually, after decades of HRT being widely used, a large randomised trial was conducted: they took 16,000 women who were eligible for HRT, and randomly assigned them to receive either real hormones, or a dummy placebo pill. At long last we had a fair test, and after several years of treatment had passed, in 2002, the answer fell out. HRT increased the risk of having a heart attack by 29 per cent. 

Were these findings suppressed? No. They were greeted eagerly, and with some horror: in fact, the finding was so concerning that the trial had to be stopped early, to avoid putting any further participants at risk, and medical practice was overturned.

Even the supposed stories of outright medical intransigence turn out, on close examination, to be pretty weak: people claim that doctors were slow to embrace Helicobacter pylori as the cause of gastric ulcers, when in reality it only took a decade from the first murmur of a research finding to international guidelines recommending antibiotic treatment for all patients with ulcers. 

But individual stories aren’t enough. This week Vinay Prasad and colleagues published a fascinating piece of research about research. They took all 212 academic papers published in the New England Journal of Medicine during 2009. Of those, 124 made some kind of claim about whether a treatment worked or not. Then, they set about measuring how those findings fitted into what was already known. Two reviewers assessed whether the results in each study were positive or negative, and finally – separately – they decided whether these new findings overturned previous research.

Seventy-three of the studies looked at new treatments, so there was nothing to overturn. But the remaining fifty-one were very interesting, because they were, essentially, evenly split: sixteen upheld a current practice as beneficial; nineteen were inconclusive; and, crucially, sixteen found that a practice believed to be effective was in fact ineffective, or vice versa.

Is this unexpected? Not at all. If you like, you can look at the same problem from the opposite end of the telescope. In 2005, John Ioannidis gathered together all the major clinical research papers published in three prominent medical journals between 1990 and 2003; specifically, he took the ‘citation classics’, the forty-nine studies that were cited more than a thousand times by subsequent academic papers.

Then he checked to see whether their findings had stood the test of time, by conducting a systematic search in the literature to make sure he was consistent in finding subsequent data. Of his forty-nine citation classics, forty-five had found that an intervention was effective, but in the time that had passed subsequently, only half of these findings had been positively replicated. Seven studies – 16 per cent of the total – were flatly contradicted by subsequent research; and for a further seven studies, follow-up research had found that the benefits originally identified were present, but more modest than first thought.

This looks like a reasonably healthy state of affairs to me: there probably are true tales of dodgy peer reviewers delaying publication of findings they don’t like, but overall, things are routinely proven to be wrong in academic journals. Equally, the other side of this coin is not to be neglected: we often turn out to be wrong, even with giant, classic papers. So it pays to be cautious with dramatic new findings; if you blink you might miss a refutation; and there’s never an excuse to stop monitoring outcomes.


Kids Who Spot Bullshit, and the Adults Who Get Upset About It

Guardian, 28 May 2011

If you can tear yourself away from Ryan Giggs’s penis for just one moment, I have a different censorship story.

Brain Gym is a schools programme I’ve been writing about since 2003. It’s a series of elaborate physical movements with silly pseudoscientific justifications: you wiggle your head back and forth, because that gets more blood into your frontal lobes for clearer thinking; you contort your fingers together to improve some unnamed ‘energy flow’. They’re keen on drinking water, because ‘processed foods’ – I’m quoting the Brain Gym Teacher’s Manual – ‘do not contain water’. You pay hundreds of thousands of pounds for Brain Gym, and it’s still done in hundreds of state schools across the UK.

This week I got an email from a science teacher about a thirteen-year-old pupil. Both have to remain anonymous. This pupil wrote an article about Brain Gym for her school paper, explaining why it’s nonsense: the essay is respectful, straightforward, and factual. But the school decided this article couldn’t be printed, because it would offend the teachers in the junior school who use Brain Gym.

Now, this is weak-minded, and perhaps even vicious. More interesting, though, is how often children are able to spot bullshit, and how often adults want to shut them up.

Emily Rosa is the youngest person ever to have published a scientific paper in the Journal of the American Medical Association, one of the most influential medical journals in the world. At the age of nine she saw a TV programme about nurses who practise ‘Therapeutic Touch’, claiming they can detect and manipulate a ‘human energy field’ by hovering their hands above a patient.

For her school science-fair project, Rosa conceived and executed an experiment to test if they really could detect this ‘field’. Twenty-one experienced practitioners put their palms on a table, behind a screen. Rosa flipped a coin, hovered her hand over the therapist’s left or right palm accordingly, and waited for them to say which it was: the therapists performed no better than chance, and with 280 attempts there was sufficient statistical power to show that these claims were bunk.

Therapeutic Touch practitioners, including some in university posts, were deeply unhappy: they insisted loudly that JAMA was wrong to publish the study.

Closer to home is Rhys Morgan, a schoolboy with Crohns Disease. Last year, chatting on www.crohnsforum.com, he saw people recommending ‘Miracle Mineral Solution’, which turned out to be industrial bleach, sold with a dreary conspiracy theory to cure Aids, cancer, and so on.

At the age of fifteen, he was perfectly capable of exploring the evidence, finding official documents, and explaining why it was dangerous. The adults banned him. Since then he’s got his story on The One Show, while the Chief Medical Officer for Wales, the Food Standards Agency and Trading Standards have waded in to support him.

People wring their hands over how to make science relevant and accessible, but newspapers hand us one answer on a plate every week, with their barrage of claims on what’s good for you or bad for you: it’s evidence-based medicine. If every school taught the basics – randomised trials, blinding, cohort studies, and why systematic reviews are better than cherry-picking your evidence – it would help everyone navigate the world, and learn some of the most important ideas in the whole of science.

But even before that happens, we can feel optimistic. Information is more easily accessible now than ever before, and smart, motivated people can sidestep traditional routes to obtain knowledge and disseminate it. A child can know more about evidence than their peers, and more than adults, and more than their own teachers; they can tell the world what they know, and they can have an impact.

So the future is bright. And if you’re one of the teachers who stopped a child’s essay from being published because it dared to challenge your colleagues for promoting the ludicrousness of Brain Gym, then really: shame on you.


Existential Angst About the Bigger Picture

Guardian, 21 May 2011

Here’s no surprise: beliefs which we imagine to be rational are bound up in all kinds of other stuff. Political stances, for example, correlate with various personality features. One major review in 2003 looked at thirty-eight different studies, containing data on 20,000 participants, and found that overall, political conservatism was associated with things like death anxiety, fear of threat and loss, intolerance of uncertainty, a lack of openness to experience, and a need for order, structure and closure.

Beliefs can also be modified by their immediate context. One study from 2004, for example, found that when you make people think about death (‘Please briefly describe the emotions that the thought of your own death arouses in you’) they are more likely to endorse an essay discussing how brilliant George W. Bush was in his response to 9/11.

A new study looks at intelligent design, the more superficially palatable form of creationism, promoted by various religious groups, which claims that life on earth is too complex to have arisen through evolution and natural selection. Intelligent design implies a reassuring universe, with a supernatural creator, and it turns out that if you make people think about death, they’re less likely to approve of a Richard Dawkins essay, and more likely to rate intelligent design highly.

So that’s settled: existential angst drives us into the hands of religion. Rather excellently, the effect was partially reversed when people also read a Carl Sagan essay about how great it is to find meaning in the universe for yourself using science. It’s perfect. I love this stuff. I love social science research that reinforces my prejudices. Everybody does.

But that’s where I start to fall down. If I like these results, then lots of other people will like them too, whether it’s the academic psychologists doing the research, the statisticians they collaborate with, the academic journal editors and reviewers who decide whether or not the paper gets an easy ride into print, the press officers who decide whether or not to shepherd its findings towards the public, or even, finally, the bloggers and journalists who write about it. At every step, there is room for fun results to get through, and for unwelcome results to fall off the radar.

This isn’t a criticism of any individual study. Rather, it’s the angst-inducing context that surrounds every piece of academic research that you read: a paper can be perfect, brilliantly well-conducted, and yet there’s no way of knowing how many negative findings go missing. For all we know, we’re just seeing the lucky times the coin landed heads up.

The scale of the academic universe is dizzying, after all. Our most recent estimate is that there are over 24,000 academic journals in existence, 1.3 million academic papers published every year, and over 50 million papers have been published since scholarship began.

And for every one of these 50 million papers there will be unknowable quantities of blind alleys, abandoned experiments, conference presentations, work in progress seminars, and more. Look at the vast number of undergraduate and masters dissertations that had an interesting finding, and got turned into finished academic papers; and then think about the even vaster number that didn’t.

In medicine, where the stakes are tangible, systems have grown up to try to cope with this problem: trials are supposed to be registered before they begin, so we can notice the results that get left unpublished. But the systems are imperfect, and pre-registration is very rarely done, even in medical research, for anything other than trials.

We are living in the age of information, and vast tracts of data are being generated around the world, on every continent and on every question. A £200 laptop will let you run endless statistical analyses. The most interesting questions aren’t around individual nuggets of data, but rather how we can corral it to create an information architecture which serves up the whole picture.


The Glorious Mess of Real Scientific Results

Guardian, 6 November 2010

Popular science is often triumphalist, presenting research as a set of completed answers, when in reality much of what gets published makes a glorious, necessary mess.

Here is an example. Solomon Asch’s legendary studies from the 1950s on conformity are among my favourite experiments of all time. Some people in a room are asked to judge the length of a line; all but one are stooges, and they unanimously assert what is obviously an incorrect answer. The one true, unsuspecting experimental subject conforms to the majority view, despite knowing that it’s incorrect, about a third of the time.

This is a chilling result that feels just right, and over the past half-century researchers have replicated the study over a hundred times in seventeen countries, allowing hints of patterns to be spotted in the results. One analysis of US studies found that conformity has declined since the 1950s. Another found that ‘collectivist’ countries tend to show higher levels of conformity than individualist ones.

This month the International Journal of Psychology published a new variant. Instead of one real subject in a room full of stranger stooges, they used polarising glasses – the same technology used to present a different image to the left and right eye for 3D films – to show participants different images on the same screen, at the same time, in the same room. This meant that friends could disagree, legitimately, and so exert social pressure, but without faking it.

The results were problematic. Overall, sometimes the minority people did conform to peer pressure, giving incorrect answers. But when the results were broken down, women did conform, a third of the time, but men did not. This poses a problem. Why were the results of this study different from the original study?

It could be that the subjects were different. The Asch experiments were only conducted in men, and they did conform. Perhaps modern Japanese undergraduates are different from 1950s US undergraduates (although cultural and generational differences have not previously been shown to be so large that they abolish the conformity effect completely).

It could be that the original task, where subjects had to judge the length of a line, was slightly different. But if anything, the task in the new experiment was harder than in the original, because the polarising glasses required that extra visual noise be added in; and if judgements were trickier, and therefore closer calls, then you might expect that conformity would increase, rather than decrease.

Or it could be that the relationships were different. Perhaps conforming effects are less pronounced among people who know each other compared to an experiment with a room full of stranger stooges: perhaps you feel more comfortable disagreeing with friends. This would be an important answer, if true, because when we extrapolate from the lab to the everyday, we’re probably more interested in conformity effects among acquaintances, because that’s what happens in a real community.

Maybe these questions will be resolved with a new experiment – you could probably design one yourself that would discriminate between the different possible explanations – but that will depend on whether someone is interested enough, and whether they can get the money and the time. Perhaps the paper will sink like a stone, and be ignored or overlooked, as sometimes happens with uncomfortable data.

But what you should know is this: alongside the triumphalism, and the answers, in reality, grey and conflicting results like these run deep in the research literature. They’re not an aberration, or a disappointment; in fact they are arguably the glorious norm, in the noise of over 20,000 academic journals, publishing well over a million articles every year. Alongside the giants, and the clean easy answers, challenging and ambiguous findings like these are what science is really made of.


Nullius in Verba1

Not in the Guardian, 26 June 2010

Here is some pedantry: I worry about data being published in newspapers rather than academic journals, even when I agree with its conclusions. Much like Bruce Forsyth, the Royal Society has a catchphrase: Nullius in verba, or ‘On the word of nobody’. Science isn’t about assertions on what is right, handed down from authority figures. It’s about clear descriptions of studies, and the results that came from them, followed by an explanation of why they support or refute a given idea.

Last week the Guardian ran a major series of articles on the mortality rates after planned abdominal aortic aneurysm repair in different hospitals. Like many previously published academic studies on the same question, they discovered that hospitals which perform the operation less frequently have poorer outcomes. I think this is a valid finding.

The Guardian pieces aimed to provide new information, in that they did not use the Hospital Episodes Statistics, which have been used for much previous work on the topic (and on the NHS Choices website, where they are used to rate hospitals for the public). Instead they approached each hospital with a Freedom of Information Act request, asking the surgeons themselves for the figures on how many operations they performed, and how many people died.

Many straightforward academic papers are built out of this kind of investigative journalism work, from early epidemiology research into occupational hazards, through to the famous recent study hunting down all the missing trials of SSRI antidepressants that companies had hidden away. It’s not clear whether this FOI data will be more reliable than the Hospital Episodes numbers – ‘Discuss the strengths and weaknesses of the HES dataset’ is a standard public health exam question – and reliability will probably vary from hospital to hospital. One unit, for example, reported a single death after ninety-five emergency AAA operations on FOI request, when on average about one in three people in the UK die during this procedure, and that suggests to me that there may be problems in the data. But there’s no doubt that this was a useful thing to do, and there’s no doubt that hospitals should be helpful and share this information.

So what’s the problem? It’s not the trivial errors in the piece, although they were there. The main Guardian article says there are ten hospitals with over 10 per cent mortality, but in the data there are only seven. It says twenty-three hospitals do over fifty operations a year, but looking at the data there are only twenty-one.

But here’s what I think is interesting. This analysis was published in the Guardian, not an academic journal. Alongside the articles, the Guardian published its data, and as a long-standing campaigner for open access to data, I think this is exemplary. I downloaded it, as the Guardian webpage invited, and did a quick scatter plot, and a few other things. I couldn’t see the pattern for greater mortality in hospitals that did the procedure infrequently. It wasn’t barn door. Others had the same problem. I received a trickle of emails from readers who also couldn’t find the claimed patterns (including a Professor of Stats, if that matters to you). Jon Appleby, Chief Economist on Health Policy at the King’s Fund, posted on Guardian Comment is Free saying that he couldn’t find the pattern either.

The journalists were also unable to tell me how to find the pattern. They referred me instead to Peter Holt, an academic surgeon who’d analysed the data for them. Eventually I was able to piece together a rough picture of what had been done, and after a few days, more details were posted online. It was a pretty complicated analysis, with safety plots and forest plots. I think I buy it as fair.

So why does it matter, if the conclusion is probably valid? Because science is not a black box. There is a reason why people generally publish results in academic journals instead of newspapers, and it’s got little to do with ‘peer review’ and a lot to do with detail about methods, which tell us how you know if something is true. It’s worrying if a new data analysis is published only in a newspaper, because the details of how the conclusions were reached are inaccessible. This is especially true if the analysis is so complicated that the journalists themselves did not know about it, and could not explain it, and this transparency is especially important if you’re seeking to influence policy. The information needs to be somewhere.

Open data – people posting their data freely for all to re-analyse – is the big hip new zeitgeist, and a vitally important new idea. But I was surprised to find that the thing I’ve advocated for wasn’t enough: open data is sometimes no use, unless we also have open methods.


Is It OK to Ignore Results from People You Don’t Trust?

Guardian, 6 March 2010

If the media were actuarial about drawing our attention to the causes of avoidable death, your newspapers would be filled with diarrhoea, Aids and cigarettes every day. In reality we know this is an absurd idea. For those interested in the scale of our fascination with rarity, one piece of research looked at a three-month period in 2002 and found that 8,571 people had to die from smoking to generate one story on the subject from the BBC, while there were three stories for every death from vCJD.

So you’ve probably heard that smoking might prevent Alzheimer’s. It comes up in the papers, sometimes to say it’s a true finding, sometimes to say it’s been refuted. Maybe you think it’s a mixed bag, that the research is contradictory, that ‘experts are divided’. Perhaps you smoke, and joke about how it’ll stop you losing your marbles, at least.

This month, Janine Cataldo and colleagues publish a systematic review on the subject, but with a very interesting twist. First, they found all the papers ever published on smoking and Alzheimer’s, using an explicit search strategy which they describe properly in the paper – because they’re scientists, not homeopaths – to make sure that they found all of the evidence, rather than just the studies they already knew about, or the ones which flattered their preconceptions.

They found forty-three in total, and overall, smoking significantly increases your risk of Alzheimer’s. But they went further. Eleven of the studies were written by people with affiliations to the tobacco industry. This wasn’t always declared, so to double check, the researchers searched on the University of California’s Legacy Tobacco Documents Library, a vast collection of scanned material that has been gathered over decades of legal action.

If you ever want to spend a chilling afternoon living in the head of an industry whose product has been proven to kill a third of its customers, this is the place for you. ‘The importance of younger adults’ is a tobacco industry paper that uses financial modelling to explain the importance of recruiting teenage smokers to replace the dying older ones before it’s too late, and explains that ‘repeated government studies have shown less than one third of smokers start after age 18 [and] only 5 per cent of smokers start after age 24’. ‘Youth cigarette – new concepts’ from Marketing Innovations Inc. takes these ideas further, into cola- and apple-flavour cigarettes, because ‘apples connote goodness and freshness’.

How much did it matter if the researchers had worked for the tobacco companies? A lot: the risks of Alzheimer’s associated with smoking reported by these papers were on average about a third lower than in those conducted by other researchers, and they produced many papers showing cigarettes were actively protective. If you exclude the eleven papers by researchers associated with the tobacco industry, and look only at the remaining thirty-two, your chances of getting Alzheimer’s as a smoker are vastly higher: for the gamblers out there, comparing a smoker against a non-smoker, the odds of getting Alzheimer’s are higher by 1.72 to 1.

So does that mean we can comfortably ignore all research that comes from people who disgust us? In the 1930s, identifying toxic threats in the environment became an important feature of the Nazi project to build a master race through ‘racial hygiene’. Two researchers, Schairer and Schöniger, were working on biological theories of degenerate behaviour under Professor Karl Astel, a scientist who helped organise the vile ‘euthanasia’ operation that murdered 200,000 mentally and physically disabled people.

In 1943 they published a well-conducted case-control study demonstrating a relationship between smoking and lung cancer, almost a decade before any other researchers elsewhere. Their paper wasn’t mentioned in the classic Doll and Bradford Hill paper of 1950, and if you check in the Science Citation Index, it was referred to only four times in the 1960s, once in the 1970s, and then not again until 1988, despite providing a valuable early warning on a killer that would cause 100 million early deaths in the twentieth century. It’s not obvious what you should do with evidence from untrustworthy sources, but it’s always worth appraising its untrustworthiness with the best tools available.


Foreign Substances in Your Precious Bodily Fluids

Guardian, 9 February 2008 

You’ll find fluoride in tea, beer and fish, which might sound like a balanced diet to you. This week the Health Secretary Alan Johnson announced a major new push for putting it in all tap water, with some very grand promises, and in the face of serious opposition.

In Stanley Kubrick’s film Dr Strangelove, General Jack D. Ripper first developed his theories about environmental poisoning and bodily fluids when he experienced impotence, fatigue, and a pervasive sense of emptiness during the physical act of love. He instantly identified the cause: a communist plot to pollute our precious bodily fluids with fluoride.

Bill Etherington MP calls it a ‘poison’. Campaigners say Nazis used it to subdue people in concentration camps. According to the Guardian’s own (sadly departed) alternative health columnist, fluoride is ‘in the same league as lead and arsenic’.

[image: Image Missing]

The reality is that anybody making any confident statement about fluoride – positive or negative – is speaking way beyond the evidence. In 1999 the Department of Health commissioned the Centre for Reviews and Dissemination at York University to carry out a systematic review of the evidence on the benefits of fluoridation for dental health, and to look for evidence of harm. Little new work has been done since.

They found 3,200 research papers, mostly of very poor quality. The ones which met the minimum quality threshold suggested that there was vaguely, possibly, around a 15 per cent increase in the number of children without dental caries in areas with fluoridated water, but the studies generally couldn’t exclude other explanations for the variance. Of course, the big idea with fluoride in water is that it can reduce social inequalities in dental health, because everyone drinks it: but there isn’t much evidence on that either – the work is of even poorer quality, and the results are inconsistent.

So when the British Dental Association says there is ‘overwhelming evidence’ that adding fluoride to water helps fight against tooth decay, they’re with General Ripper. And when Alan Johnson says: ‘Fluoridation is an effective and relatively easy way to help address health inequalities, giving children from poorer backgrounds a dental health boost that can last a lifetime,’ he’s really just pushing an admirably old-fashioned line that complex social problems can be addressed with £50 million worth of atoms. The people behind the York review have had to spend a fair amount of time pointing out that people are misrepresenting their work.

But since I’m in the mood for some scaremongering, let’s not forget the potential harms. Fluoridation will give around one in eight people mottled teeth (‘fluorosis’). And there’s something else to worry about, if you like worrying. An observational study from Taiwan found a high incidence of bladder cancer in women from areas where the natural fluoride content in water was high. It might easily have been a chance finding – the study in question measured lots of variables, and if you measure enough things, then some of them are bound to come out positive, just by chance. But it could be real.

The problem here is one of small effect sizes. You don’t need a careful designed study to show that falling out of a plane will probably kill you, but finding a link between fluoride and bladder cancer would be a pig to research, because the effect size is small, the exposure is spread over half a century, and the outcome – bladder cancer – takes a lifetime to reveal itself. Welcome to the finer details behind ‘more research is needed’.

And the fascinating thing about public health is that, with population effects, the numbers can start to get very scary, very quickly: in the UK, for example, just a tiny 10 per cent increase in risk would give you one thousand extra new cases of bladder cancer every year. Fear. Actually, I enjoyed that. Maybe I should move to the Mail.


How Myths Are Made

Guardian, 8 August 2009

Much of what we cover in this column revolves around the idea of a ‘systematic review’, where the literature is surveyed methodically, following a predetermined protocol, to find all the evidence on a given question. As we saw in another column,1 for example, the Soil Association would rather have the freedom to selectively reference only research that supports their case, rather than the totality of the evidence.

Two disturbing news stories demonstrate how this rejection of best practice can also cut to the core of academia.

Firstly, the Public Library of Science in the US this week successfully used a court order to obtain a full trail of evidence showing how pharmaceutical company Wyeth employed commercial ‘ghost writers’ to produce what were apparently academic review articles, published in academic journals, under the names of academic authors. These articles, published between 1998 and 2005, stressed the benefits of taking hormones to protect against problems like heart disease, dementia and ageing skin, while playing down the risks. Stories like this, sadly, are commonplace; but to understand the full damage that these distorted reviews can do, we need to understand a little about the structure of academic knowledge.

In a formal academic paper, every claim is referenced to another academic paper: either an original research paper, describing a piece of primary research in a laboratory or on patients; or a review paper which summarises an area. This convention gives us an opportunity to study how ideas spread, and myths grow, because in theory you could trace who references what, and how, to see an entire belief system evolve from the original data. Such an analysis was published this month in the British Medical Journal, and it is quietly seminal.

Steven Greenberg from Harvard Medical School focused on an arbitrary hypothesis: the specifics are irrelevant to us, but his case study was the idea that a protein called β amyloid is produced in the skeletal muscle of patients who have a condition called ‘inclusion body myositis’. Hundreds of papers have been written on this, with thousands of citations between them. Using network theory, Greenberg produced a map of interlocking relationships, to demonstrate who cited what.

By looking at this network of citations he could identify the intersections with the most incoming and outgoing traffic. These are the papers with the greatest ‘authority’ (Google uses the same principle to rank webpages in its search results). All of the ten most influential papers expressed the view that β amyloid is produced in the muscle of patients with IBM. In reality, this is not supported by the totality of the evidence. So how did this situation arise?

Firstly, we can trace how basic laboratory work was referenced. Four lab papers did find β amyloid in IBM patients’ muscle tissue, and these were among the top ten most influential papers. But looking at the whole network, there were also six very similar primary research papers, describing similar lab experiments, which are isolated from the interlocking web of citation traffic, meaning that they received no or few citations. These papers, unsurprisingly, contained data that contradicted the popular hypothesis. Crucially, no other papers refuted or critiqued this contradictory data. Instead, those publications were simply ignored.

Using the interlocking web of citations, you can see how this happened. A small number of review papers funnelled large amounts of traffic through the network, with 63 per cent of all citation paths flowing through one review paper, and 95 per cent of all citation paths flowing through just four review papers by the same research group. These papers acted like a lens, collecting and focusing citations – and scientists’ attention – on the papers supporting the hypothesis, in testament to the power of a well-received review paper.

But Greenberg went beyond just documenting bias in what research was referenced in each review paper. By studying the network, in which review papers are themselves cited by future research papers, he showed how these reviews exerted influence beyond their own individual readerships, and distorted the subsequent discourse, by setting a frame around only some papers.

And by studying the citations in detail, he went further again. Some papers did cite research that contradicted the popular hypothesis, for example, but distorted it. One laboratory paper reported no β amyloid in three of five patients with IBM, and its presence in only a ‘few fibres’ in the remaining two patients; but three subsequent papers cited these data, saying that they ‘confirmed’ the hypothesis. This is an exaggeration at best, but the power of the social network theory approach is to show what happened next: over the following ten years, these three supportive citations were the root of 7,848 supportive citation paths, producing chains of false claim in the network, amplifying the distortion.
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Similarly, many papers presented aspects of the β amyloid hypothesis as a theory – but gradually, through incremental mis-statement, in a chain of references, these papers came to be cited as if they proved the hypothesis as a fact, with experimental evidence, which they did not.

This is the story of how myths and misapprehensions arise. Greenberg might have found a mess, but instead he found a web of systematic and self-reinforcing distortion, resulting in the creation of a myth, ultimately retarding our understanding of a disease, and so harming patients. That’s why systematic reviews are important, that’s why incremental mis-statement matters, and that’s why ghost writing should be stopped.


Publish or Be Damned

Guardian, 4 August 2005

I have a very long memory. So often with ‘science by press release’, newspapers will cover a story even though the scientific paper doesn’t exist, assuming it’s around the corner. In February 2004 the Daily Mail was saying that cod liver oil is ‘nature’s superdrug’. The Independent wrote: ‘They’re not yet saying it can enable you to stop a bullet or leap tall buildings, but it’s not far short of that.’ These glowing stories were based on a press release from Cardiff University, describing a study looking at the effect of cod liver oil on some enzymes – no idea which – that have something to do with cartilage – no idea what. I had no way of knowing whether the study was significant, valid or reliable. Nobody did, because it wasn’t published. No methods, results, conclusions to appraise. Nothing.

In 1998 Dr Arpad Pusztai announced through the telly that genetically modified potatoes ‘caused toxicity to rats’. Everyone was extremely interested in this research. So what had he done in his lab? What were they fed? What had he measured? A year later the paper was published, and it was significantly flawed. Nobody had been able to replicate his data and verify the supposed danger of GM, because we hadn’t seen the write-up, the academic paper. How could anyone examine, let alone have a chance to rebut, Pusztai’s claims? Peer review is just the start; then we have open scrutiny by the scientific community, and independent replication.
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