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Transcribed from a presentation delivered on July 31, 2018, at the annual CrossFit 
Health Conference in Madison, Wisconsin: 
 
Okay, so you guys know me as having written about diet and nutrition. All my books 
since my very first book, Nobel Dreams — they've all been about good science and 
bad science. That's my obsession. So, when Greg asked me to speak on, in effect, 
bad science, which the physicists I grew up with would have called pathological 
science, I found that somewhat irresistible. That said, this is a new talk, and you 
could think of it as a riff on a subject, and I have no idea if it's going to work, like a 
jazz performance. So if it doesn't, you know, it’ll be better next time.  
 
Okay, so I have no disclosures other than CrossFit. I want to talk about something 
— in order to talk about bad science, it helps to talk about good science first, 
because this is — the gist of my lecture is going to be that basically people have 
forgotten what good science is. Okay, so, I'm going to tell two stories that probably 
aren't told that often in CrossFit meetings. The first is about the discovery of 
glycogen. Claude Bernard in the 1850s, French physiologist, realizes that when he 
feeds dogs on carbohydrates, their portal vein on the liver is full of glucose, and 
they're hepatic veins coming out of the liver are too. And then when he feeds them 
on exclusively all-meat diets — they eat like Shawn Baker — they still have — and 
then he kills them — they still have a lot of glucose coming out of the liver. And he 
decides that the liver is producing glucose. Not storing it, but actually producing it. 
And he does a whole series of experiments. And while he's working in Paris, he has 
this young British physician working with him, Frederick William Pavy, and Pavy 
decides that Bernard screwed up, that he didn't kill his dogs fast enough, because 
when Pavy does the same experiment by hitting the dog over the head with a 
hammer — This is how research was done back then. There were no institutional 
review boards — he doesn't see the same thing. So, he decides that basically what 
Bernard is seeing, this claim that he's discovered this glycogen, which means 
“glucose-generating” in French, was just because he was looking at a phenomenon 
that was caused post-mortem, after the death of the dog. Had nothing to do with 
the dog in life.  
 
So Pavy goes back to England and spends the next 60 years of his life trying to 
prove Bernard wrong, and he dies in 1911 not having done it. And he's — by 1911 
he basically thinks like Bernard does, because the only experiments he trusts are 
his own, and he cannot ultimately disprove Bernard. Then in 1922, finally people 
figure out how to excise a liver from a — keep it alive from the lard — keep, from a 
live animal. And then they prove that definitively, that Bernard was right all along 
and he discovered glycogen. But to me, this is science — 60 years trying to prove 
someone wrong and failing is the act of a brilliant or a heroic scientist.  
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And then you've got this guy, Oswald Avery. Okay, Avery was at Rockefeller 
University. Had a laboratory — had an apartment on 67th Street in Manhattan and 
a laboratory on 66th Street in Manhattan and he walked to work every day. And in 
1923 he’s studying the pneumonia — pneumococci — because there had been this 
horrible flu epidemic 1917 through 1920, and most people, often people with the 
flu end up dying from pneumonia. And so they were studying this pneumococci, 
and they realize that it's got capsules. And the capsules, which you can see in the 
picture — this guy — protects the pneumococci from the immune system. And 
Avery claims in 1923 that the capsule is everything. It's the dominant factor in 
determining whether the immune system is going to recognize this thing or not, 
and whether it's going to be virulent or not. And then in 1928, this British guy, 
Griffith, publishes this paper where he says, “We take live pneumococci without 
capsules and we put them into mice, and the mice live because the immune system 
kills it. And we take dead pneumococci with capsules and we put it in the mice, and 
the mice live because the dead pneumococci don't do anything. But if we put the 
dead pneumococci with the live pneumococci into the mice together, the mice die, 
and somehow the live pneumococci take on the capsules from the dead ones. And 
something is transmitting the capsules from the dead ones to live ones.” And so, 
clearly there's more going on than Avery thought. Avery is so depressed about this, 
that he screwed up and he got it wrong about the importance, that he ends up 
getting, taking a six-month leave of absence from his laboratory while his young lab 
workers try to replicate this Griffith’s work, the Brit, and when he comes back, it 
turns out the Brit was right all along, and he spends from 1929 through 1944 
working on this. He starts off — He’s, um, 77 years of old, I believe, by the time he 
publishes a paper on this.  
 
Between 1934 and 1941 he doesn't publish a single paper of his own work because 
he's not doing anything that he thinks is worth publishing — even though he's 
working on the most difficult problem in biology. And in 1944, he publishes his 
paper, “Studies on the Chemical Nature of the Substance Inducing Transformation 
Of Pneumococcal Types. Induction of Transformation by a Desoxyribonucleic Acid 
Fraction Isolated.” He's discovered DNA. Well, he hadn't discovered DNA, because 
DNA was discovered 100 years earlier. He's realized that DNA carries what he calls 
this transformative property. It's, in effect, the stuff of genes. Nobody knew it. 
Nobody really cared about DNA. They thought the molecule was too simple. So, it 
took him 15 years, he spent seven years not publishing it, he was depressed 
through most of that time, and all he did was walk to work and walk home at the 
end of the day and think about one problem. That's what science is to me. I mean 
means to me — I know by the way, Avery, even though this is probably one of the 
five most important papers published in biology in the 20th century, Avery didn't 
win the Nobel Prize. He was shortlisted for the Nobel Prize before this work for his 
earlier work, and then when he did this work the Nobel Committee got nervous and 
thought this is so big it's probably wrong, so we can't give him the prize until we 
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know it's right. Then, like, in 1953, Crick and Watson get involved, and they — they 
realized the structure of DNA — everybody else gets a Nobel Prize, and Avery ends 
up never getting it. He did have a gate named after him at Rockefeller University. 
 
Okay, so what do we mean by — these are my two — what is science, to me? 
Because again, if we're gonna know what bad science is, we have to know what 
good science is. Robert Merton, who was a sort of the grandfather of the 
philosophy of science in the U.S., in 1968 he said, “The community of science thus 
provides for the social validation of scientific work. In this respect, it amplifies that 
famous opening line of Aristotle's Metaphysics: ‘All men by nature desire to know.’ 
Perhaps, but men of science by culture desire to know that what they know is really 
so.” And Richard Feynman, who I'm going to come back to in this talk, put it this 
way: He said, “The first principle is that you must not fool yourself — and you are 
the easiest person to fool.”  
 
Okay, if there's one sentence you should always know, one thing you should keep in 
mind about science, this is it. You'll see this quote used over and over again. I used 
it in, I think, four of my five books. “The first principle is that you must not fool 
yourself — and you're the easiest person to fool.” That's it. That's science. So we 
want to know what really is so. We want to discover new things, and yet in the 
process of doing it, you know you're gonna fool yourself.  
 
So, today, what sparked this talk is there's a lot of talk in the press of something 
called the replication crisis. This is, you know, from the unimpeachable source, 
Wikipedia: “The replication crisis is a methodological crisis in science which scholars 
have found that the results of many scientific studies are difficult or impossible to 
replicate a reproduce on subsequent investigation. The crisis has long-standing 
roots.” It dates to the early 2010s, they say. And back in 2009, this is sort of an 
example of what we're dealing with, and this was a paper by Iain Chalmers, you 
know, a friend who I respect greatly. And Ian was just looking at all the ways that 
science gets wasted, that resources go into science and generate bad science — 
pathological science. So they — you know, they — people ask the wrong questions. 
They have inappropriate designs and methods. They — the publications only try to 
publish their positive results, not their negative results. They — ultimately, they end 
up with these biased reports, and Iain and his colleague reported that — they 
estimated that there was an 85% loss of financial resources that go into science, 
generating incorrect or irreproducible results.  
 
This is the most famous paper on this. This was a group of researchers who looked 
at — tried to replicate 53 landmark studies in cancer research, and of those, only 
11% could be replicated. That means, when they tried to do exactly what the 
researchers did in their studies, they could only do in six of the 50 — they can only 
get the same result in six of the 53 cases. And this was a paper published by 
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Ioannidis — John Ioannidis at Stanford, who is now kind of the leading authority in 
this pathology of science. Looking at 49 medical studies that had more than 1,000 
citations — so these are among the most highly cited papers in science — 45 of 
them claim that what they studied was effective, and out of these studies, 16% were 
contradicted, 16% had found stronger effects than did the subsequent, and 44% 
were never were replicated. Only — so less than half of these papers that have 
been cited 1,000 times had been replicated, and then some of them hadn't — had 
yet to be challenged. So when Nature went out in 2016 and asked scientists, “Is 
there reproducibility crisis?” Yeah, half of scientists think there is. And then they 
went through and reported what factors contribute to this, and you've got selective 
reporting, pressure to publish, low statistical power — you know, it wasn't 
replicated enough in the original lab, but people published it anyway — and, you 
know, all the way down to just bad luck. You know, and then bad luck is a serious 
problem in science. Sometimes you're just going to get the wrong answer, and then 
when you replicate the study and get the wrong answer again by bad luck, but 
you're gonna think you're replicated it. And then the whole series of factors: What 
could they do to boost reproducibility, and it starts with better understanding of 
statistics and better mentoring, which I'm going to come back to, more robust 
design, better teaching, more with this — so you’re listing all these various factors, 
and, you know, then they ask the scientists, “Have you established procedures for 
reproducibility” and 34% of them say, “No.” So there's a reproducibility crisis, but 
there's clearly a contradiction between whether scientists are actually doing 
something about it, or maybe the ones who said no are the ones who don't think 
there's a crisis.  
 
And I'm of two minds, because I think, as I'm gonna say, this is sort of the nature of 
science. A few years ago, John Ioannidis and colleagues published a paper — a 
manifesto for reproducible science, where they turned it into this — sort of this 
problem with publishing stuff that's garbage, that's just wrong. You know, how do 
you deal with that? How do you think it — you know, turn it into something that can 
be studied and that can be moved forward? And again, a list of all the various things 
you could do to improve it, beginning with, you know, protecting against cognitive 
biases, which is — I’m going to come back to.  
 
So, I call this — I don't see it as a replicability crisis — reproducibility crisis. I see it as 
a really knowing-is-hard problem, okay? And when I was a young researcher, a 
young journalist growing up in this field, this was one of the books that I read: John 
Ziman's Reliable Knowledge. Ziman’s an Australian philosopher of science, and he 
said back in 1978, “The front line of research is where controversy, conjecture, 
contradiction, and confusion are rife. The physics of undergraduate textbooks is 
90% true; the content of the primary research journals of physics is 90% false.” And 
physics, by the way, is one of the best fields out there. So, here you've got a 
philosopher of science in 1978 — 30, 40 years ago — saying you should expect 90% 
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of the stuff in the journals to be false. He didn't define whether by false it means it's 
interpreted incorrectly or it's irreproducible.  
 
And then in Nature in 2015, there’s an article where they talk about how humans 
are remarkably good at self-deception and how scientists fool themselves and how 
they can stop. And again, it's all about this reproducibility crisis. But if you go back 
to 1620 — At one point when I was doing my early research right around 2000, 
2001, 2002, I started to wonder if I had gone crazy, so I became a student of the 
philosophy of science to see if I was just nuts. And so, one of the first books I read 
was Francis Bacon. Francis Bacon was like the Abner Doubleday of the scientific 
method. He was the one who until — he was a lawyer, an attorney in the court in 
England in the early 17th century, and in 1620 wrote this book called Novum 
Organum. “Novum organum” in Latin means “a new technology of reasoning.” And 
what he said is human brains are screwed up. We see the world the way we want to 
see it we. Well here: “The human understanding is not a dry light but is infused by 
desire and emotion, which gives rise to ‘wishful science.’ For man prefers to believe 
what he wants to be true. He therefore rejects difficulties, being impatient of 
inquiry; sober — sober things, because they restrict his hope; deeper parts of 
nature, because of his superstition; the light of experience, because it was 
arrogance and pride, lest his mind should seem to concern itself with things mean 
and transitory; things that are strange and contrary to all expectation, because of 
common opinion. In short, emotion in numerous, often imperceptible ways 
pervades and infects the understanding.“  
 
So, the whole idea about doing science, about the scientific method, the 
experiment and test, was that we will see the world the way we want to see it, and 
we need some kind of methodology to work against — minimize this natural 
human tendency to get the wrong answer. And what he was saying in 1620 was 
exactly what Nature was saying in in 2015, and the question is, why do we forget 
this? Because that's what science is all about. So, the very best state — one of the 
very best statements of this was the commencement address given by Richard 
Feyman in 1974. Feynman’s this famous Nobel laureate physicist who was as 
famous for his bongo playing and his strip club visiting as he was for — and his key. 
He could pick locks. He was also you know one of the — the handful of the 
brightest, most influential physicists in the 20th century. And when he gave this 
talk, his commencement address to Caltech, he talked about cargo-cult science. 
Well, cargo-cult science was — but what a cargo cult was — was during World War 
2, when the American forces were moving through the South Pacific, they would 
often set up on these backward islands where the natives had barely seen, you 
know, Westerners in their course of their entire history. And they would put down 
landing strips, and they would build bases, and they would bring in cargo. And the 
cargo would bring all these wonderful gifts like candy bars, Coca-Cola, to the 
natives. So, after the Americans left, the natives wanted to get the cargo and the 

5 
 



Gary Taubes: Postmodern Infection of Science and the 
Replication Crisis 

 

candy bars. So, they would build their own sort of fake landing strips, and they 
would have fake radio towers because this is what the, the Americans did. But they 
didn't actually ever — nothing happened. Planes didn't land, you know? And as, 
Feynman says, “They're doing everything right. The form is perfect. It looks exactly 
the way it looked before. But it doesn't work. No airplanes land. So I call these 
things cargo-cult science, because they follow all the apparent precepts and forms 
of scientific investigation, but they're missing something essential because the 
planes don't land.” And what they were missing was this line about the first 
principle, that you must not fool yourself. And then Feynman said, “It's a kind of 
scientific integrity, a principle of scientific thought that corresponds to a kind of 
utter honesty — a kind of leaning over backwards. For example, if you're doing an 
experiment, you should report everything that you think might make it invalid, not 
only what you think is right about it: other causes that could possibly explain your 
results; things you thought of that you've eliminated by some other experiment, 
and how they work — to make sure the other fellow can tell they have been 
eliminated.”  
 
And today, the — the reproducibility crisis is focused a lot on psychology. And in 
1974, Feynman had it in for psychology. A lot of this commencement address was 
about, you know — he says, he's — he's talking — used to, when he was at Cornell 
before he moved to Caltech, he said he used to talk to the psychology people a lot, 
and he used to talk to this young woman who's explaining to him that she wants to 
do an experiment. And she wants to see — there's some researchers who found 
out that, you know, X happens when they do condition A — or A happens when 
they do condition X, and she wants to see what would happen when they do 
condition Y. And he says, “Well, how do you know they got the right answer? When 
they did condition X you better — you have to repeat the experiment to make sure 
that what they reported and you're following up on, building on is actually true.” 
And she goes,  “Yeah, that's an interesting idea. I should do that.” And then she goes 
to her professor and says, “We should do this.” And her professor goes, “We haven't 
got funding to do that. Just do what you're supposed to do.” And that's kind of what 
happened with science. So Feynman talks about this, and he says, “This long history 
of learning how to not fool ourselves — of having utter scientific integrity —” 
Remember he's talking to Caltech students — “is, I'm sorry to say, something that 
we haven't specifically included in any particular course that I know of. We just 
hope you've caught on by osmosis.” And then, he starts giving examples. He talks 
about this young psychology experiment.  
 
This is the kind of thing he's talking about: an experimental study by this 
psychologist, Paul T. Young in 1937. I just want to go through so you see how 
scientists should think. So he sets up an experiment. He’s got a long corridor with 
doors all along one side where rats come in and doors along the other side where 
the food was and the rats exit. And what he wants to do is train the rats to leave the 
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third door down from whichever door they enter. And he can't do it because every 
— they always go to the last door where there was food, and he doesn't 
understand this. So, his goal in the experiment is to train the rats to go through the 
third door. But he's wondering, like, “Why do they always go to the door where the 
food is?” So, he thinks maybe there's something about that door that's different. So 
he paints all the doors identical, and they still go to where the food had been. And 
he thinks maybe they smell the food. So he disguises the smell with chemical odors 
and runs the rats again, and they still go to where the food had been. Then he 
decides maybe it's the lighting and shadows in the maze. So he does the 
experiment again, and he covers the corridors and he runs them again and still the 
rats go through where the food is. He goes, “Maybe they —” and you know, this is 
just — he's trying to figure out why he — how he could be fooling himself — what's 
going on. Then he said, “Maybe they, they, they, they, they can hear when they run 
over the floor.” So he put sand on the floor and runs the rats again, and finally they 
don't go to that door where the food was. So, he now knows the rats are trainable 
and he can proceed from there.  
 
And Feynman says, “What did Young learn?” And he learned nothing that was 
publishable. Okay, what he learned was the clues that the rat’s really using — and 
he spent years of his life repeating the experiment over again. “Not what you think 
it's using” — that's what he said. “That the experiment that tells exactly what 
conditions you have to use in order to be careful and control everything in an 
experiment with rat-running.” And then he says Young’s papers were not cited 
because “he didn't discover anything about the rats ... he discovered all the things 
you have to do to discover something about the rats.” But you can't do this today in 
science in large part — I mean if you're a graduate student, you've got to do a Ph.D. 
If you're a lab head, if you're a professor, you've got to get your graduate students 
Ph.Ds. You can't have them spending years of their life establishing exactly what it 
is that they have to do to understand the next problem or replicating work that was 
done in other places, even though we now know they should.  
 
So, this is my favorite story about science, to give you an idea of how it should work. 
This is a paper published by — the head of this experiment was an MIT physicist 
named Sam Ting, and I bet this is the only time — I said when I prepared this talk 
that this is going to be an odd presentation for CrossFit — any medical school, 
group. Sam Ting said one of my favorite quotes about science. Sam was an 
interesting — he won the Nobel Prize for the work I'm going to describe. He shared 
it. Sam said, “To be first and right in science is very good. To be first and wrong is 
not so good. And to be second and right is meaningless.” So it'll give you a little bit 
about Sam's competitive nature. So, in 1970s, they’re running this experiment of 
this laboratory called Brookhaven. They're looking for fundamental particles. And 
they see this peak. You can imagine what they're doing. They're colliding particles 
into targets, and they're looking at what comes out on the other side, and they're 

7 
 



Gary Taubes: Postmodern Infection of Science and the 
Replication Crisis 

 

measuring the energy of what comes out. And you can imagine, like, tuning a radio. 
So, you're tuning the radio when you get static, static, static, and then you get this 
radio station that comes in so loud and clear — that's the peak in this picture. But 
Sam refused to believe it was real. It wasn't subtle, it was — we're gonna talk about 
— this was not a 95% confidence level. This was like a 99.99999% confidence level. 
It was so startling, and there was no expectation of it. Sam refused to believe it was 
real. So in the paper he publishes, they go through everything they did to check 
whether this is real: We decrease the magnet currents, we check second-order 
effects on the targets, we checked the pileup in the lead glass and shower counters, 
we ensure that the peak is not due to scattering from the side magnets, we check 
the readout system of the chambers and the triggering systems, we run with 
different beam intensities, we avoid systematic errors, half of the data were taken 
at each spectrometer. These and many other checks finally convinces that we have 
observed the real massive particle. That's not why they published. He still didn't 
believe it was real. Physicists from a rival laboratory, the Stanford Linear 
Accelerator Center in Brookhaven, and they hear rumors of Sam's particle that he's 
been sitting on now for six months because he doesn't believe it’s real, and he 
doesn't want to publish something wrong. So the folks from SLAC, the Stanford 
Linear Accelerator Center, fly back to Palo Alto. They tell the people at SLAC about 
it. They go looking for this thing, they see the same signal, and they have to publish. 
And now Sam believes it's real and he doesn't have much choice, and they 
published joint publications in the same journal. And the particle is called the J/psi. 
Psi is the Stanford name for the particle, and J is the Brookhaven name, and J is kind 
of a Chinese letter for Ting, because Sam isn't that modest.  
 
That's good science. Sam had to split the Nobel Prize. Had he not waited six 
months, had he just assumed he got it right, had he not been afraid of fooling 
himself, he would have got it himself — that's good science. That's what you're 
supposed to do, but you have to be able to do it. 
 
So, in science, there's a culture of science, okay? And one of the things I came to 
understand from my book was that this culture of science vanished with the 
Second World War. Okay, when I was writing my first book, living in this laboratory 
outside of Geneva, the — the European physicists used to say the best thing that 
ever happened to American science was Hitler because he drove all these brilliant 
European scientists to the U.S. and to the U.K., and in physics we embrace them 
because we had a cold war and we had bombs to build. The Manhattan Project was 
loaded with — basically dominated by Jewish émigré physicists from Europe. All the 
great physicists of the first half of the 20th century were Europeans for the most 
part. Germans, Austrians, mostly Jews, and then post-war they were the students of 
these people. So this culture of science crossed the Atlantic with physics. And 
what's interesting is it even crossed — it spread into molecular biology. A lot of the 
early years in molecular biology were dominated by former physicists who had 
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studied with this guy Niels Bohr, this great Danish physicist. And the reason I use 
his soccer photo — it's interesting. I was watching the World Cup. If you look at, like, 
the last four World Cups, all but one of the finalists were European. In this last one, 
you know, it's France and, and, and Belgium, and, and Croatia, and England. And 
they — it’s five percent of the population of the world, and it's not that they have 
the best athletes by any means, but what they have is a culture of soccer that gets 
communicated beginning when they're kids. About how it's done, how to play — 
how to play correctly, and the best athletes from all the rest of the world go to 
Europe to play in the European leagues because that's where the best soccer is 
done. And the same thing is true of science: You need that culture to do it well, and 
if you don't do it well, you get the wrong answer.  
 
And there are huge cultural differences that we're seeing today. So like in medicine, 
you see this all the time. Something's reported as statistically significant. That 
means it's a .05 p-value, or a 95-percent confidence interval. In the statistical lingo, 
it's two-sigma. In physics, the field I grew up in, you can't report anything as being a 
discovery unless it's a five-sigma effect, which is a .0000001 p-value. Because the 
people — the physicists don't care how likely it is that this happened by chance, 
which is what the p-value represents. What they care about is all the ways that 
they're gonna fool themselves, all the ways they're gonna screw up, all the ways 
that human nature is gonna conspire to make them want to believe something's 
real when it's not. So you ratchet down the likelihood that something's gonna 
happen so it looks like Sam Ting’s peak before you publish it. And even then you 
don't believe, because you think, “Jesus, if it's that big, it's got to be fake.”  
 
And when I was growing up in physics, there were various unwritten rules that I 
learned to find — again the physics — their culture comes directly from these 
pre-World War 2, sort of, brilliant Germans and Austrians who really understood 
this culture and how to do it. So one of them was this Vernon Hughes law of small 
statistics. So remember, when you read that something is statistically significant in 
a medical article or journal article, that means it's a 95% confidence level. It’s a .05 
p-value. And Vernon Hughes’ law — Vernon was a Yale physicist and statistician — 
He said a three-sigma effect, which is .003, said it means it's 99.7% unlikely to be 
caused by chance, is gonna be wrong half the time.  
 
And then there was Panofky’s law, which is my favorite — Pief Panofky was a 
Manhattan scientist, physicist, who went on to become a presidential science 
adviser and founded the Stanford Linear Accelerator Laboratory. And Panofsky 
said, “If an effect doesn't get bigger with time, even if it's a five-sigma effect, that 
means it's not really there.” Basically, it means you're fooling yourself. You might as 
well just accept that you're fooling yourself. You can't make this bigger and even 
more obvious and allow it — see all the ways that it helps and makes people health 
— you know, if changes science, then it's probably not real to begin with.  
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So how do you learn the culture? That's the thing, and as I said, part of one of the 
learning experiences in my book was that this culture kind of vanished, except in 
physics and molecular biology and a few other fields. And Hans Krebs, who's 
famous for the Krebs Cycle, won the Nobel Prize. In 1967, he wrote a book about 
the making of a scientist, and he talked about the fact that scientists aren't so much 
born, they're made. And they're made by the people who teach them science. And 
he pointed out that his scientific lineage, which goes back to these famous French 
scientists, Berthollet and Gay-Lussac, included, you know, four Nobel laureates. He 
was a third in the line. And if you look at von Baeyers’ background, they were all 
Nobel laureates. So good scientists taught good scientists.  
 
And then what you learned in this culture, he said, was first, humility. So basically, 
what you learn when you’re around brilliant people and brilliant colleagues, and 
you realized that maybe you're not that brilliant yourself and you should be really 
worried about fooling yourself, and he talked about how much, you know, 
mediocre people may appear big to themselves and to others if they're surrounded 
by small circumstances. By the same token, big people feel dwarfed in the company 
of giants, and this is the most useful feeling. And the same thing happens, you 
know again, in the culture of soccer. You grow up in the U.S., you're a soccer star in 
the U.S., you gotta go to Europe to learn humility and then to learn how hard you 
really have to work.  
 
And he talked about what he learned from Warburg who was his colleague — his 
advisor. And he said, “He was to me an example of asking the right kind of question, 
of forging new tools for tackling the chosen problems, of being ruthless in 
self-criticism and of taking pains and verifying factors, of expressing results and 
ideas clearly and concisely and of altogether focusing his life on true values.” And 
true values was complete and utter dedication to science. He basically talked about 
how, you know, you learn to make excuses so you don't have to go home to your 
family on weekends because you're stuck in the laboratory trying to do these 
problems. He says, “If you wish to be a chemist, you must be willing to work so hard 
as to ruin your health. He who is not prepared to do this will not get far in 
chemistry.” And then you had to learn to ask the right questions. And if you didn't 
ask the right questions, as Goethe said, “Progress and research is much hindered 
because people concern themselves with that which is not worth knowing and that 
which cannot be known.” So, I would argue much of the reproducibility crisis is not 
just that this stuff's wrong, it's not even worth knowing if it's right, okay? Because 
people aren't asking big questions. They're asking small questions: “What can I do 
to get a publication so I can get a Ph.D.? Or, what can I do to get a publication so I 
could get a grant or get a promotion?” He says, “Real research of a fundamental 
character requires a tremendous amount of time. It cannot be done at odd spare 
moments, nor can it be delegated to technicians or Ph.D. students. The trouble is 
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that senior and junior academic staff tend to be grossly overloaded with teaching 
administration and college administration.” Anyone who works in academia today 
knows that most researchers spend half their time writing grants and a quarter of 
their time preparing for the courses they have to teach. And that's a nice idea. It's a 
democratization of science, but you can't get the right answer. And you can't do, 
really do anything important if that's how you're approaching it.  
 
What's interesting about Krebs is when he started his career in the turn of the 20th 
century — I’ve been reading his memoirs — they didn't get paid. In Germany it was 
like they just didn't get paid. Young researchers didn’t get paid until they were in 
their 30s. So, you really had to be dedicated to this. It wasn't a career. And he 
makes his point: If it wasn't an obsession, you didn't do it.  
 
So, how are we doing timewise? Ten minutes, that's not bad.  
 
Horace Freeland Judson wrote what's considered one of the best books on the 
history of science. Seventh-day creation, about the discovery, the work that led to 
the discovery of the structure of DNA and RNA, and the basics of biology and how 
information is transmitted. And at the end of this book, he put down characteristics 
of a golden age in science, which, what he described as paradigms are set and 
changeable, but you can think of it as a period of time in which meaningful 
discoveries can be made about the universe. And he said the first criteria is that the 
field is small, nascent, with a large signal-to-noise ratio. So I'm going to talk about 
the small size he said maximizes the collision frequency, the intensity of intellectual 
interactions. The variety of starting points maximizes interplay, the scope — so 
you're not looking at one idea. It's not one person working in a laboratory saying, “I 
have an idea about” — I don’t know. To pick one that's been obsessing me lately — 
“how circadian rhythms affect life.” It's a group of people in a small field arguing 
about different hypotheses, because it’s vitally important when you do science, 
since you're probably wrong about your own hypothesis, you have to keep as many 
possible hypotheses in your mind at once. And it helps if you've got very smart 
people who are arguing with you about what's really going on, what's — what 
you're seeing and how to interpret it. And then when you're arguing, he says, “The 
actual costs of research are low, in absolute terms, but especially in relationship to 
the payoff.” So when you read this early work from the 30s and 40s, the thing is you 
could have an idea, and you could go into the laboratory, and you could do the 
experiment. Might take a day, it might take a week, or it might take a month, but 
you could do it and see what happened. And then your friend or your ally down the 
hall, who, say, has a different vision of your work, says, “Well yeah, you did the 
experiment, but we didn't do it right because we didn't do X.” So, instead of arguing, 
as people do today, that they didn't have to do X, or doing X isn't that important, 
they'll redo the experiment and do X, because what you want to know: if it's really 
so, right? That's the whole goal. So, now you redo the experiment. It takes another 
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month — this is like Feynman describing the mice — you know, the rat 
experiments. And then you get another answer, and now it tends to agree with 
your friend down the hall, his theory. And you look at it and you say, “Well, yeah — 
we did X, but we didn't do Y, and clearly we missed this.” And so then you redo it, 
and you just keep redoing, and the experiments are cheap, and they don't take that 
long, and you could do it. But you could sort of asymptotically approach truth. 
Eventually one of you guys goes, “I give up you're right. I can't think of any way you 
can be wrong.” And then you publish the paper, and somebody writes you and says, 
“Oh, but you didn't do Z.”  
 
“It's an age of innocence, characterized by an austere devotion to intellectual 
enthusiasm and openness.” A goal of this pursuit is just to learn the reality about 
nature and answer important questions. It's not a career. And the progress of the 
science can be driven, guided, and focused by the intuition of one to a handful of 
brilliant scientists. And so this is one of the things you real — I realized doing my 
research. And you look back at history, and there are always two, three, a handful 
of people who are synthesizing the data, basically, and seeing, this is what 
everyone's doing. The field is small, so they know what everyone's doing. And 
they're saying, “You know, I kind of believe this. But this time it's questionable. 
These two experiments are — are in contradiction, so somebody has to redo these 
experiments to figure out which one of them, if either are right. And we've got to do 
it over and over again, and then once — now we can begin to believe this.”  
 
And in physics, you take away three people, like Niels Bohr and Enrico Fermi, 
there's no revolution in physics. And molecular biology, you take away Francis — 
Francis Crick, who was trained as a physicist, there's no understanding of DNA and 
RNA. You need these people, and then they have to be in a world where everyone 
has access to them, everyone is close to them so that you can learn from them, 
because they're the ones who are transcending the culture and transmitting it.  
 
So, this is just an example, quickly, from the field I'm obsessed with, obesity, to see 
what happened in science. So, you go back to an obesity research. In 1941, there 
were two papers published in the index medical literature on obesity. Okay, one of 
them was arguing the point I'm arguing today, and the next year there was an 
argument, a paper published arguing against it. 1951 was the first year with more 
than a hundred articles published the entire year. 1959, Rosalyn Yalow and 
Solomon Berson actually developed the technology that allowed people to really 
begin to understand the effect of hormones on human life, and the result’s a 
revolution in biology and medicine. It’s a crucial discovery in understanding of 
obesity, but by 1960s, obesity research is a sub-discipline of psychology and 
psychiatry, because people have decided that the problem is fat people eat too 
much. So they don't even care about the endocrinology. The first conference on 
obesity — did, it said, among other things, to present research and set research 
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priorities in 19 — was in 1973. And for the next 12 years, all of obesity research — 
This was a period where the field was controlled by a half a dozen people. And it's 
fascinating, and the problem is they were half a dozen people that didn't have a 
clue how to do science, okay? But they determined — Everything we believe today 
came out of this half a dozen white men. 1977 to 89, dietary fat is established as 
heart disease — and we’re almost done — 1994, leptin is discovered. It's fascinating 
— they've completely screwed up the field by this point, in part because they had 
preconceptions. They didn’t establish alternative hypotheses, and the people who 
had the opportunity to get it right were not very smart people. I mean, they were 
reasonably good doctors, but they had no clue how to do science about this idea 
that you must not fool yourself, about all the checks and balances that have to be 
done. They didn't have the kind of interactions because they thought they knew the 
truth.  
 
So, in 1994, leptin is discovered, and obesity becomes a sub-discipline of molecular 
biology. It now becomes a — a serious science in the way people think about it. 
Until then, it was like hell, fat people eat too much. Now it's, “Maybe, we could 
blame it on a gene.” That field is flooded with young molecular biologists, and 
suddenly the problem is it's not a molecular biology problem. 1995-98, we finally 
realize there’s an obesity epidemic. And today, there are 40 articles published each 
week in the medical literature on obesity. The field is enormous. The NIH funds I 
think a couple billion dollars worth of obesity research, but it's spread out between 
thousands of researchers. Nobody can read the papers anymore. Nobody could 
follow it. It's like the science has become a noise-generating machine. There's no 
one out there who could dictate what might be right and what might be wrong, 
except for journalists, and you don't listen to them, which is always a good idea in 
general, if scientists are most likely to fool themselves.  
 
So, what we ended up with is a field that somewhere along the way could have 
done good science, could have gotten the wrong answer, but is now moved into a 
land — well I don't — it's all too likely can't happen because none of the criteria 
exists anymore for what you need to do this research. And when I was giving a talk 
to some innovation laboratory hosted by Vanderbilt University, and one of the 
researchers was telling me what she was doing and she saw the look on my face 
she said, “You don't — you don't respect us a lot do you?” And I said, “I just don't 
know what — what you're doing has anything to do with these epidemics that were 
confronting.”  
 
Here's my final point. This is part of the really-knowing-is-hard hypothesis of 
science. We talk about the reproducibility crisis. These papers can't be reproduced. 
Even if they could, that wouldn't tell you they're right or they're interpreted 
correctly. Because that's the hard part. Getting — Doing the same experiment twice 
and getting the same answer is actually the easy part. The hard part is interpreting 
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the answer so you know what you're seeing — all the stuff Feynman talked about. 
And my last slide from John Ziman, again: “What's surprising is not that each one of 
us makes many mistakes but that we have made such remarkable progress 
together.” So — so after spending the last 45 minutes dissing science completely, 
it's still it — somebody said, I think it was Churchill who said about democracy: It's a 
terrible system of government, but it's better than all the alternatives. I think the 
same is true of science. Anyway, thank you. 
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