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This book has failure written all over it.

Literally of course, but metaphorically as well. So fail-

ure will stalk this book, and it may occasionally win a round. 

But if I get it right, you’ll understand that those failures are an 

important part of the book, an absolutely necessary ingredi-

ent. A book on failure cannot just be a lecture; it must be a 

sort of demonstration as well. And so now, by some sleight of 

hand, I have at least partly inoculated myself against failing 

by telling you that the theme of the book is how important 

failures are. Come to think of it, that’s also a theme—that we 

must make and defend a space for noncatastrophic failure, a 

place where failure can happen regularly.

Introduction
Perhaps the history of errors of mankind, all things considered, is more 
valuable and interesting than that of their discoveries. Truth is uniform 

and narrow … but error is endlessly diversified.
—Benjamin Franklin
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This book follows, and is kind of an extension, of another 

book I  wrote recently called Ignorance:  How It Drives Sci-

ence. As you can see I’m carving out a nice, neat, little niche 

for myself. It might seem like I am becoming a merchant of 

despair. In fact I find both of these subjects to be uplifting. 

Although ignorance and failure are commonly thought of in 

a negative light, in science they are just the opposite: they are 

where all the interesting action is. This will be a key point in 

this book—that failure in science is fundamentally different 

from all the other failures you’ve read about in self-help and 

business books and articles in Wired and Slate. It is a kind of 

failure we don’t appreciate enough. Not understanding this, 

not appreciating failure sufficiently, leads to distorted views 

of science and denies one a surprisingly useful but rarely con-

sidered version of failure. I hope that on this one point I don’t 

fail you.

Science, the great intellectual achievement of modern 

Western culture, is often depicted as resting on pillars of 

great foundational strength and intellectual might.

These pillars are variously identified as KNOWLEDGE 

and REASON, or FACT and TRUTH, or EXPERIMENT 

and OBJECTIVITY. Quite impressive. Students are regu-

larly asked to approach science in the reverential way that 

these ponderous pillars demand. Perhaps such pillars are the 

correct depiction for textbook science—the stuff that is fro-

zen in time and that generations of these same poor students 
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have been required to master, by which we usually mean 

temporarily memorize. But then there is current science, the 

real stuff that goes on every day in laboratories and in minds 

across the world. Science rests, I  am afraid to say, on two 

somewhat less imposing sounding pillars—IGNORANCE 

and FAILURE.

Yes, that’s it, the whole tremendous edifice. The costly 

research programs, the years of education, the dedication of 

cadres of PhDs, teetering on top of Ignorance and Failure. 

But without these two, the entire business would come to a 

standstill. In fact, Ignorance and Failure are not so much pil-

lars as engines that propel science forward. They make it at 

once a reckless endeavor and a conservative process, a cre-

ative enterprise composed of mind numbing reams of data. 

I understand that this view of science, beholden to Ignorance 

and Failure, is probably not the common perception, and that 

few outside of practicing scientists will immediately recog-

nize the truth of this proposition. But I bet that anyone who 

has made a career of science, reading this now, is nodding 

in agreement. Indeed, every scientist to whom I have men-

tioned that I am writing a book on failure has immediately 

offered to contribute a chapter! Remarkably, most of us make 

a pretty good living doing this kind of work and virtually 

every scientist I know loves their work. So how could that 

be, composed as it is mostly of ignorance and failure—with 

perhaps a dash of accident or serendipity thrown in?
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It may seem that I’m putting you on here, pretending to 

reveal some dirty little secret just to grab your attention. But 

the thing is, it’s not a secret at all:  it’s general knowledge, 

inside of science. Somehow outside of the scientific establish-

ment it seems we do a very bad job of letting everyone else 

in on what we do. So many things just get taken for granted 

that it never occurs to us to make it explicit. You know more 

or less what lawyers do, what accountants do, what jour-

nalists do, what car mechanics do—even if you couldn’t do 

any of those things yourself. But when I tell a crowd of my 

daughter’s friend’s parents that I’m a scientist, all they want 

to know is what I do. Actually do, during the day, every day.

One curious thing about this book was that it never 

coalesced into a linear argument with some internal logic 

driving it forward. I didn’t start the chapters in any particu-

lar order, and I kept working on them in no particular order. 

They are more like essays than chapters, each a reflection on 

some aspect of failure and science. The famed immunologist 

and science writer Sir Peter Medawar wrote a piece for the 

Saturday Review titled “Is the Scientific Paper Fraudulent?” 

His claim was not that scientific papers were untrue, but 

that they were constructed in a way that did not reflect the 

actual experimental or intellectual processes at work. They 

were reconstructed in some narrative order intended to drive 

home the point but were not an accurate record of the way it 

actually happened. This book is sort of just the opposite. It 
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has not been put together in some carefully logical order that 

builds to a convincing and unassailable argument. It’s more 

a collection of ideas, some of which I hope are new to you. 

They were to me.

One of the things I do hope this book will accomplish is 

to show science as less of an edifice built on great and impon-

derable pillars and more as a quite normal human activity. 

I don’t mean by knocking it down a peg or two, but rather 

by building it up as a remarkable and surprisingly accessible 

way of seeing the world. Science is accessible to everyone 

because really, at its core, it is all about ignorance and failure, 

and perhaps the occasional lucky accident. We can all appre-

ciate that.





I have chosen this deceptively simple sounding statement, so 

typical of Gertrude Stein, to open this book because it gets 

so quickly to the heart of the matter. It challenges, right from 

the beginning, our idea of what a failure may be. What kind 

of a failure is Stein talking about here? What makes a “real” 

failure? Are there “unreal” failures, or lesser failures?

Like so many important words, failure is much too sim-

ple for the class of things it represents. Failure comes in 

many flavors, and strengths, and contexts, and values, and 

innumerable other variables. Nothing just stands alone as 

a failure without knowing something more about it. In the 

famous Encyclopédie of the French enlightenment, Diderot 

and d’Alembert (1751–1772) under the entry for erreur, which 

O N E

Failing to Define Failure
A real failure does not need an excuse. It is an end in itself.

—Gertrude Stein
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seems intended to cover failure as well, caution that there 

is no way to develop a general description or classification 

because erreur comes in so many forms. I started this project 

with what I thought were a few clear ideas about failure and 

its value in the pursuit of scientific explanations. What sur-

prised me was how quickly those few ideas generated dozens 

of questions.

There is a continuum of failure, not just one narrow 

kind. Yes, there are failures that are just mistakes or errors, 

and they may often be no more than an unfortunate waste 

of time. There are failures from which you learn simple 

lessons:  be more careful, take more time, check your 

answers. There are failures that can be taken as much 

larger life lessons: a failed marriage, a failed business ven-

ture; painful but perhaps character building. There are 

failures that lead to unexpected and otherwise unavailable 

discoveries:  they often seem like serendipity, an acciden-

tal failure that opened a door you didn’t even know was 

there. There are failures that are informative:  it doesn’t 

work this way; there must be some other way. There are 

failures that lead to other failures that eventually lead to 

some kind of success about learning why the other paths 

were failures. There are failures that are good for a while 

and then not—in science you might think of alchemy, a 

failure that nonetheless provided the foundations of mod-

ern chemistry.
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Failures can be minimal and easily dismissed; they can be 

catastrophic and harmful. There are failures that should be 

encouraged and others that should be discouraged.

The list could go on. But I don’t want to get sidetracked 

into a lengthy polemic trying to define failure, which would 

surely fail. We’ll come upon all sorts of failures as we pro-

ceed, and we would do best to think of them as discoveries, 

not contradictions. Rather, I want to focus on the role that 

failure, in all its many identities, plays in science and how it 

contributes to making it such a successful enterprise.

Stein seems to be complaining about the common response 

to a failure—which is apology. Failure as mistake, unin-

tended or unavoidable or because of some shortcoming that 

you are responsible for. Failure as the result of stupidity and 

naiveté that requires excuses and apologies. Why did you let 

that fail? Can’t you do any better than that? Or, perhaps less 

antagonistic but no less disappointing, failure as inevitable. 

Well, that wasn’t likely going to work. What did you expect? 

What a stupid thing to have even tried. And so forth. Stein, 

in that first simple sentence, identifies all these bad failures, 

useless failure, failures that demean failure.

Instead, how about failure that stems not from ineptitude, 

inattention, or incapacity. (True, even those occasionally turn 

out to reveal something unexpected and sometimes wonder-

ful. But I wouldn’t depend on them. Sloppy indifference can 

get you only so far.) A real failure is different from all those 
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that need or are accompanied by an excuse—because it needs 

no excuse.

So what are good failures? Ones that need no excuse and 

are an end in themselves? Not really an end in the typical 

sense—that is, not an end where you give up trying anything 

else. Rather an end in the sense of something new and valu-

able. Something to be proud of and therefore requiring no 

excuse, even if it was “wrong.”

Are there really such failures? Of course there are the 

mistakes we learn from, the errors that can be corrected, the 

failures that can be turned to success. But I’d like to take a 

chance here and venture that Stein meant something deeper 

than that. That she really meant meaningful failure. In the 

limit, this could mean that you might produce nothing but 

meaningful failures for your entire life and still be counted 

a success. Or at least never need to apologize. Is that really 

possible? What are these magical failures?

I have two possible answers. The first is that failures that 

are ends in themselves are interesting. Interesting is another 

word that one has to be careful about. It’s easy to use, but 

then it’s kind of vague and subjective. Is there anything that’s 

interesting to everybody? I doubt that. But if we take inter-

esting as a descriptor rather than an identifier—that is, a 

quality of something and not necessarily a particular thing 

itself—then we can perhaps come to an understanding. 

When the same Gertrude Stein was asked to write a piece 
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about the atom bomb (shortly after its use in WW2 and, as 

it turns out, shortly before her death in 1946), she responded 

that it held no interest for her. She liked detective stories and 

that sort of literature, but death rays and super weapons were 

not that interesting because they left nothing behind. Some-

one sets off a bomb or some weapon of mass destruction that 

kills everybody and ends everything. So what’s to be inter-

ested in? Certainly better if it didn’t happen, but if nothing is 

all you’re left with, then who cares? So maybe it’s what’s left 

that could make something an interesting failure. Good fail-

ures, we could call them Stein Failures, are those that leave a 

wake of interesting stuff behind: ideas, questions, paradoxes, 

enigmas, contradictions—you know what I mean. So that’s 

one kind of successful failure I’m pretty sure about.

Here’s the second idea. Is it the actual failure that is the 

end in itself? Or is it the willingness to fail, the expectation 

of failure, the acceptance of failure, the desirability of failure? 

Can you imagine making failure desirable? Can you imag-

ine aiming at failure? Can you appreciate making failure 

your goal?

You can if you have the right idea about the word 

failure—what I hope to convince you is the scientific version 

of failure. It is more than a stupid error, more than a short-

coming on your part, more than a miscalculation, more even 

than a chance to improve. Yes, more even than failures as life 

lessons. I know we all believe that a failure can be valuable 
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if you learn something from it. After all, that’s what we call 

experience. But how about a failure that does not aim at later 

self-improvement? How about failures that really are an end 

in themselves?

In this sense virtually all of science is a failure that is an 

end in itself. This is because scientific discoveries and facts 

are provisional. Science is constantly being revised. It may be 

successful for a time; it may remain successful even after it 

has been shown to be wrong in some essential way. That may 

seem strange, but good science is rarely completely wrong, 

just as it is never really completely right. The process is itera-

tive. We scientists hop from failure to failure, happy with the 

interim results because they work so well and often are pretty 

close to the real thing.

Newton was famously wrong about two little things—time 

and space. They are not absolute. Gravity is not explained by 

the attraction between the centers of massive bodies, although 

it looks that way and can be usefully described that way. To 

the extent that we can explain it at all, it seems to be best 

understood, for now, as an emergent phenomenon of mass 

creating curvature in space. An imperfect but useful analogy 

is the way a heavy bowling ball on a mattress causes a depres-

sion and things placed on the mattress tend to fall toward 

it, as if they were being attracted to it. But Newton’s failure 

in that one regard, even though it seems like a fundamental 

part of the theory of gravity, is not at all fatal to the success 
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of his work. His equations quite accurately describe action at 

a distance between two bodies—sufficiently well to calculate 

how to dock a rocket with a space station orbiting some 250 

miles away and moving at a speed of 17,000 miles per hour.

Nonetheless, there was a nagging inconsistency in New-

ton’s model over what appeared as two different kinds of 

gravity. This inconsistency was what needled Einstein so 

much that he was ready to take a most unintuitive, illogical 

perspective. Although it’s not exactly how Einstein thought 

about it, these two kinds of gravity are most easily experi-

enced as the loss of gravity—weightlessness. One of them can 

be felt as distance from a massive body (the weightlessness 

experienced in outer space), and the other is due to accel-

eration (the weightless feeling you would have in a rapidly 

dropping elevator). They seem to be from two different and 

unrelated causes—the mass of a nearby body and the force 

resisted by inertia, or acceleration. Two hundred and fifty 

years later Einstein essentially corrected the failure of that 

part of Newtonian mechanics by showing that in the cor-

rect inertial frame, one that does not assume absolute time or 

space, the two kinds of gravity are the same.

Granted, it turned out to be a rather major correction, 

requiring a Copernican-sized shift in our point of view. But 

as with Copernicus it didn’t require throwing everything else 

out. We continue to live our everyday lives in a Newtonian 

world where space and time seem sufficiently absolute, just 
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as we continue to live most of our lives in a pre-Copernican 

world where the sun “rises” and “sets.” That oversimplifies 

the story a great deal (see Notes), but the point is that New-

ton was successfully wrong and it was the very failed part of 

his model that led to Einstein’s remarkable insights. Pretty 

good work.

A failure can be even less successful—that is, wholly 

incorrect—and still useful. An example from biology might 

be the longstanding principle known as “ontogeny recapitu-

lates phylogeny.” This tongue twister of a phrase, coined in 

1866 by the “father of embryology,” Ernst Haeckel, is simply 

a slightly bizarre attempt at making a complicated concept 

memorable by forming a jingle about it. It means that over 

the course of its development an embryo in the egg (or uterus) 

appears to go through all the stages of evolution of that 

organism. For example, mammals early in embryonic devel-

opment have what appear to be gill-like structures, making 

them look a bit like fish. These structures eventually develop 

into our jaws and other muscle and bone groups of our heads 

and throats but have nothing directly to do with respiration, 

as gills do for fish. In fact, Haeckel’s concept is completely 

wrong, even though it held sway for decades and led to many 

advances in embryology. Not only is it wrong about embryol-

ogy, it is wrong about evolution. We didn’t evolve from fishes 

(or apes for that matter); we shared a common ancestor that 

evolved into both of us, in the case of fish some 500 million 
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years ago, and in the case of apes only about 85 to 90 million 

years ago.

Nonetheless, this failed ontogeny-phylogeny concept gave 

rise to important ideas about how development proceeds in 

clearly established stages, and that structures do evolve from 

earlier forms, possessing a common ancestry even if a con-

temporary divergence. Haeckel’s work was painstaking and 

actually started the branch of science we today call embryol-

ogy. In particular, he introduced comparative anatomy and 

development—that is, the notion that we can learn a great 

deal by making comparisons across species. This showed 

crucially that not only were species related but that their 

development proceeded in a similar way along certain prin-

ciples. The value of this “failure” to modern biology cannot 

be overestimated. On the other hand, it remains damaging 

in that there are many people who still believe in it because 

they were taught it as schoolchildren. You remember, the silly 

business about having had a tail when you were an embryo.

You could object that Newtown’s and Haeckel’s failures 

eventually led to successes and were not therefore really ends 

in themselves. I think that’s too much to ask of failure. Fail-

ures like these not only lead to greater insights, they often 

lead to very unpredictable insights. They force us to look at 

a problem differently because of the particular way in which 

they failed. This could be considered the case with Ein-

stein’s recognition that Newton’s little failure was actually a 
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fundamental misconception about time and space. We expect 

success to lead us to even greater success. What may not be so 

obvious is that failure can do the same.

These then are what I would call the failures that need no 

excuse, that stand shoulder to shoulder with success. They 

are the packing material, the innards, of science, and not giv-

ing them their full due is to miss more than half of what 

science is about and how it works. The big job I hope to do 

here is to remedy that.
.  .  .

There are many trivial things that can, and have, been said 

about failure. They are the kinds of aphorisms commonly 

found in Chinese restaurant fortune cookies. I’ll sum them 

up in a paragraph and then we can get on to the interesting 

parts of it—the much wider and deeper functions of fail-

ure that are undeservedly ignored or, worse, thoughtlessly 

rejected as undesirable.

So then here we go: failing is part of succeeding. Failure 

builds character. Those who haven’t failed haven’t tried. You 

never know yourself until you’ve had a failure. You have to 

learn how to pick yourself up and get back in the game. And 

so on. I’m sure you can think of other, similar platitudes. And 

they’re all okay advice, especially when you have someone on 

the phone who is really distraught over a recent failure in love 

or work or sport. Sure, failing is part of life and managing it 

is important for your happiness. And there are innumerable 


