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Knowledge is a big subject, says Stuart Firestein, but ignorance is a bigger one. And it isignorance--not
knowledge--that is the true engine of science. Most of us have afalse impression of science as a surefire,
deliberate, step-by-step method for finding things out and getting things done. In fact, says Firestein, more
often than not, scienceis like looking for a black cat in a dark room, and there may not be a cat in the room.
The process is more hit-or-miss than you might imagine, with much stumbling and groping after phantoms.
But it is exactly this "not knowing," this puzzling over thorny questions or inexplicable data, that gets
researchersinto the lab early and keeps them there late, the thing that propels them, the very driving force of
science. Firestein shows how scientists use ignorance to program their work, to identify what should be done,
what the next steps are, and where they should concentrate their energies. And he includes a catalog of how
scientists use ignorance, consciously or unconsciously--a remarkable range of approaches that includes
looking for connections to other research, revisiting apparently settled questions, using small questions to get
at big ones, and tackling a problem simply out of curiosity. The book concludes with four case histories--in
cognitive psychology, theoretical physics, astronomy, and neuroscience--that provide afeel for the nuts and
bolts of ignorance, the day-to-day battle that goes on in scientific laboratories and in scientific minds with
guestions that range from the quotidian to the profound. Turning the conventional idea about science on its
head, Ignorance opens a new window on the true nature of research. It is amust- read for anyone curious
about science.
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From Reader Review Ignorance: How it drives science for online
ebook

Jay says

Whileit's true that I'm an engineer rather than a scientist, | feel like | can relate to what this author saysin the
book with about 87.34% accuracy. | really like how he spells out, though, that the best science leads to more
guestions, and how science does hot happen the way the medialikes to portray it. Science *is* alot more
like searching for ablack cat in a dark room (aroom that may, in fact, be empty) than it isaway of grinding
out the answers to question after question. Scientists are not machines designed to solve problems... they are
much more like the explorers setting out to see if there are new lands across the vast ocean and not knowing
whether they'll find what they expect or hope.

The two best points he made (in my opinion) are (1) anyone can understand large swaths of current science if
they make an effort, but too often science is portrayed as a magic that takes years of apprenticeship to
understand (which is alose-lose situation: science needs people to understand so they continue to invest and
people need to understand that they can be part of the scientific dialogue) and (2) that the age of googleis
changing scientific facts and data from a limited resource to the cheapest commodity, so we need to
reconsider how we teach it. We need to change the way we handle science, starting with how we think about
it.

Kelly says

Let's say you teach acleverly named college course called Ignorance and all the cool kids want to take it and
in it you tell some cute anecdotes about scientists trying to learn new things and how the scientific method
can actually be--gasp--alittle bit messy! Great. Be proud of yourself for all the jokes you come up with that
boil downto HEY GUYSISN'T IT CRAZY THAT I'M TEACHING IGNORANCE | MEAN HOW CAN
ONE EVEN DO THAT HA HA.

Now let's say someone at adinner party is drunk or bored, so they stroke your ego and say, "Y ou should
write abook about Ignorance! It'll be easy, just cut and paste your lecture notes into aWord doc, putitina
big font so it fills 100 pages, and cash in. In fact, don't even worry about things like changing the order of
information so it makes sense on the page, or using commas--your editor will fix all that!" (No they won't.)
Thisiswhat's called a Bad Idea.

If you want to read a pop science book and are educated beyond fourth grade, pick something else. Anything
else.
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Joe says

| first heard about this book in my car. Driving home from work, | heard aradio interview with the book's
author. After hearing Dr. Firestein, | pretty much rushed home, picked up my iPad and immediately
purchased the book.

Firestein's writings are full of extremely quotable quips and interest-piquing food for thought. Beyond that,
however, this book threw me back into a number of poignant discussions which | was blessed to have had
throughout my education.

The fact of the matter isthis: | am a chiropractor and most of my colleagues are pseudoscientific quacks or
wolves who found an effective way to scam the public. Now on the other side of this are the ineffective "top"
guysin physical medicine and physical therapy who don't know anything about how to fix a knee because all
of their RCT's tell them certain methods don't work or because we haven't found the mechanisms why other
methods should work.

| am a healthcare provider, we live in the dlippery world between caring for patients and scientific progress. |
need to get rid of my patients pain TODAY | don't have time to wait for all of the datato come in. Here's
some knee pain...figureit out.

Firestein, a neurobiol ogist (decidedly more on the skeptical, investigative, scientific side of things) has
written a book to point out that science doesn't live in the answers, it livesin the ignorance. To quote
Firestein, "l would say that ignorance follows knowledge, not the other way around" and again "Curioudly,
as our collective knowledge grows, our ignorance does not seem to shrink."

The point is that not knowing EVERY THING about the human body should not be, for clinicians, a
discouragement to implementing research. Quite conversely, it should be the very source of excitement from
which to utilize, experiment with and engage this datain a safe, educated, appropriate and responsible
manner.

Firestein calls upon the scientific community to welcome the public into a discussion which isinformative,
non-intimidating and engaging. And that is probably the most important call to armsin all of the book. If this
seems like a daunting task, he spends the previous 7 chapters explaining how to do this. Additionally, he
shares a brief anecdote about how scientific discussion and investigation actually held a place of intense
entertainment during the Renaissance. | will not spin, out of control, into some kind of social commentary
but | would like to invoke, in your mind, every joke you've ever heard about the low quality of reality
television.

Nripesh Pradhan says

Complete light annihilates itself. Humanity lived in complete darkness under their intersubjective belief that
all the answersto everything is already available in the Vedas, the Koran, the Torah, the Bible. Only when
we accepted our own ignorance, only when we deliberately went out to confront the unknowns, only when
wergjected religions’ claim of complete knowledge, could we hold our torch in the depths of the workings of
the universe. Ignorance is the white background that enables us to see our black imprint.

Ignorance fuels science and the right kind of ignorance that lingers around the frontier of our current
knowledge is where science grows!
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Science For The People says

Featured on Skeptically Speaking show #174 on July 22, 2012, during an interview with authorStuart
Firestein. http://skepticallyspeaking.ca/episode...

Ashley says

Thisis athought-provoking little volume, and I'd recommend it to anyone even remotely interested in how
science develops. Firestein's argument is simple: that we can glean more by focusing on what we don't know
instead of what we do know; that there is more to be learned in questions than in hypotheses; and that by
expanding the boundaries of our ignorance we can discover more than we even could imagine. While
Firestein discusses ignorance and its implications for science, his arguments could (and should) be easily
applied to other fields as well. All fields could benefit from this exploration of ignorance. One thing | wish
Firestein had discussed more was how to combat the discomfort many feel with ignorance--how to continue
to search for questions and black cats in dark rooms when so much of the world prefers finite answers and
neat solutions.

Ernie says

| saw areview of thisbook in the journal "Science". The premiseisthat scientists publish facts and give
presentations of what is known, however, when they sit down and talk over ameal or a beer... they talk about
what they don't know. Its cute... science isreally about ignorance, not facts. In my experience as a scientist,
thisis true. Once something has been discovered we quickly lose interest. We have a party then move on.

The author freely quotes a proverb that it is difficult to find ablack cat in ablack room... especialy if thereis
no cat. Its an apt description.

The author discusses this aspect of science in many ways throughout the book and gives lots of examples. |
enjoyed it. But after the first elaboration of the thought, not much was added. --- although | did find a
description of the nature of the conflict between Galileo and the Catholic Church to be interesting and
different from the usual perspective. If you want to know, you will have to read the book.

He teaches a semester course on the topic and his reading list looked interesting. This was a short book. But
after wonderful elaboration in the first chapter... the rest of the book wastoo long for the oneidea. --- | may
be too critical. | lose interest in these types of books quickly, anyway. | did like it.

Brian Clegg says

Thisisadelightful little book that really gets you thinking. | stressthe ‘little’ part not as a negative, but asa
good thing. There is nothing worse than fat, bloated popular science books where the author feels they have
to get 120,000 words to be taken seriously. Thisisthe sort of book that can be read in a couple of hours— but
you will get so much more out of it than one of those tedious doorstops.
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The premise underlying the book is in once sense extremely simple, yet is fundamental to an understanding
of what science is and what scientists do. And it is an understanding that is totally at odds with the typical
way scienceis portrayed both in university lectures and popular science books. As Stuart Firestein points
out, what isimportant is not the facts, but rather the area of ignorance. The interesting part and the
fundamental heart of science is not about what we know, but about what we don’t know and where we want
to look next.

Takethislovely quote: ‘Working scientists don’'t get bogged down in the factual swamp because they don’t
care al that much for facts. It s not that they discount or ignore them, but rather that they don’t see them as
an end in themselves. They don't stop at the facts; they begin there, right beyond the facts, where the facts
run out.’

When | give my talk based on my book Before the Big Bang, | end by talking about dark matter and dark
energy, and how our lack of any real idea of what these are means we know very little about the majority of
what makes up the universe. And, | stress, thisisn’'t abad thing — thisis what makes science interesting.
Stuart Firestein takes this viewpoint and putsit at the heart of science.

If I have any moan, the introductory section is just a touch repetitive on the central role of ignorancein
science, but | think it’s such an important aspect that so few people recognise that it's well worth hammering
home. | also, despite the case histories he gives, find it difficult to follow his explanation for the process of
selecting the right bits of ignorance to work on. But overall thisis a great book and recommended reading for
both scientists and anyone with an interest in science.

Review first published on www.popularscience.co.uk and reproduced with permission

Andrew says

Ignoranceis often (and widely) seen as a bad thing, and being called ignorant is a common pejorative. But,
as pointed out in the introduction of this book, there are different kinds of ignorance. A willful ignorance,
one that doesn’t question or challenge, is certainly abad thing, evidencing a disturbing lack of curiosity or
intellectual discipline. However, an informed ignorance, one that recognizes the boundaries of knowledge
and uses that understanding to explore beyond the known, is certainly a powerful tool for motivating the
intellect. It isthis second view of ignorance that is the focus of this book, and the author does a very good
job of showing just how it is, in fact, thisignorance that is the engine that drives progressin science.

Contrary to popular perception, the best science isn’t so much about generating knowledge, per se, asitis
about expanding our ignorance. Certainly, science reveals knowledge, some of which provides powerful
tools for understanding our universe and improving our lives. But the very best science reveal s new areas of
exploration, things we didn’t even know we didn’t know. The more we know because of science, the more
we know we don’t know. It isthis expansion of our ignorance that provides for new insights and new
approaches to understanding.

Asthe author argues, this appreciation of the role of ignorance should not be limited to the scientists who use
itintheir work. In order for non-scientists to appreciate the efforts of science, to better evaluate the requests
for funding by scientists, it isimportant for them to understand the importance of ignorance. The author
argues that we need to explore ways of teaching ignorance, both because of the important role science hasin
our lives and so that we, as a society, are better equipped to discuss questions raised by science in ways that
are valid and helpful.
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While this book is about science, it is not written for an audience of scientists. It is remarkably free of heavy
scientific jargon or terribly difficult scientific concepts. Instead, this book should be readily accessible to any
lay person who wants to better appreciate what science is about, even if they don’t understand the actual
science itself.

Ziyad Hasanen says

PP PXX? D007 D000 D007 D707 770770 7777

Ignorance: How it drives science, my start point for "How does science work?' question.

The main argument of the book is that scienceis usually represented as a textbook of accumulated facts, and
that's not how science actually works. Science advances by "managing ignorance”, neglecting the not
unimportant facts -as Firestein putsit- and looking for new areas of ignorance, the "black cat in a black
room, that may not even be there".

Firestein begins by defining ignorance and how we deal with it; in the age of Google and information booms,
the amount of facts seems overwhelming. However, it's only a matter of perspective, as scientists don't stop
at facts, but begin right beyond it. He then describes how doubt and uncertainty are critical to science and
research (the Negative Capability), how scientists appreciate mystery and doubt; pinpointing it by saying: "
thereis no surer way to screw up an experiment than to be certain of its outcome.”

[Personally, | guess this appliesto all fields of knowledge as well -Firestein doesn't claim that scienceisthe
only credible way of knowing things, so if I'm allowed to rephrase this quote, | shall say "thereis no surer
way to screw up asearch than to be certain of its outcome”, and that's why any intellectual, scientists, or
authentic reader has to be brave enough to embrace this uncertainty.]

In the second chapter, Firestein explains how science works; not only by discoveries and getting to know
how stuff works, but also by knowing what doesn't work, which tells us that there is no black cat in the dark
room after all. He claims that "the more successful the fact the more worrisome it may be", because they tend
to be impregnable to revision (i.e., how he himself unknowingly claimed the number of brain cellsto be 10
times more than it is, because he read such a claim in atextbook, which, upon better scrutiny, turned to be
wrong).

[This strikes me, as | have recently been reading about evolution and how it is established as afact. Not that |
deny evolution now, but in that even our basic convictions upon which our belief systems are built shall be
constantly revisited and reviewed in lights of new advancements.]

Firestein then moves to speak out limitations of science (or of our possible human knowledge in general).
How some stuff seem inconceivable by our physical senses (like the 11 dimensions proposed by the string
theory); " If there are sensory stimuli beyond our perception, why not ideas beyond our conception?”
but he then proceeds to explain how the unknowable may itself be afact, needless to say an obstacle to
knowledge. In the next chapter Firestein elaborates about predicting , how dis-covering something doesn't
need to be instantly and promptly applicable, as Faraday mentioned when asked of what use will electricity
be: " of what use is a newborn baby? .

Lastly, how to manage ignorance. Firestein proposes different methods of thinking about ignorance:
1- Merely showing that something isn't impossible;

2- Advances in measurement

3- Looking into work 10 years old, thisiswork ready to be revisited.

4- using model systems,
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5- Hypotheses non fingo - that is, don't put forward hypothesis and afterwards defend them. Never dismiss
anomalous data, it is often the best stuff .

In the second part of the book the author mentions some case stories on how ignorance is applied to different
scientific fields, like cosmology and cognitive science. The fourth case history is his own biography in which
he mentions several lessons:

1- having an environment/condition where one has involvement and perspective, where one can be invested
but not fully responsible, immersed without pressure, allows one to explore questions.

2- You don't often know what you bring to the table- so no problem taking risks a bit.

3- "Chance favors the prepared mind." - only in retrospect does it seem that the question and you were made
for each other (the fallacy of design).

4- Predictions are useless, except for when they are helpful.

The last (mini)chapter of the book expresses how the author thinks ignorance should be implied to publicize
science and educate students. He claims that aggregating factsis uselessif you don't have a context to
interpret them. [atheme | can deeply relate to in the arab world,which is devoid of knowledge of the
scientific method and how it works]. Stuart ends his book by recommending to teach students "how the data,
which are not unimportant, frames the unknown. We must teach students how to think in questions, how to
manage ignorance."

Thisis one of my top books for this year, although | feel like it sunk into descriptiveness and lacked
analyzing (or shall | say, showing us more mundane applications of ignorance instead?). However, it'sa
good book as a beginning to understand how science works, and how one deals with his own ignorance. Not
only in science, but in al knowledge fields.

Adrian Fridge says

A book about making science accessible to the public? Why yes, I'll have that with aside of snark.

Stuart Firestein is amazing at taking highly technical subjects of quantum mechanics, neuroscience,
theoretical mathematics, etc, and breaking it down into amusing stories, peppered with humor and
(relatively) easy language. Whileit's true you'd need to have some rudimentary knowledge in the hard
sciences to fully appreciate the facts, it shouldn't deter you from trying this out. One of the case studiesis
Firestein, himself, and you find out he used to work in theater for fifteen years before starting undergrad at
the age of thirty. He's not going to bullshit you: "There is no more sense in getting hung up with the details
of experimental results... than there is with chord structures and harmoniesin amusical composition.”

Asthetitle implies, the book dwells on ignorance, specifically the type of ignorance that comes from simply
lacking information. We don't know how the brain works. We don't know what the universe is made of. We
don't know so much, yet we find ourselves bombarded with thousands of scientific articles and facts, the
numbers growing with each day. Classes are designed around textbooks that are built around the notion that
we've discovered it all. Firestein urges scientists, and regular people alike, to stop focusing on what's been
discovered and start asking more questions. It's the questions--the curiosity, the ignorance--that drives
science. Or as the book putsit: people who know alot are geeks, people who gquestion alot are scientists.

Don't expect to read this and gain some unknown insight or revelation. The book is riddled with questionsiit
can't answer and it likesit that way. What you can look forward to is interesting case studies of different
approaches to the same (or similar) questions. What you do with it is up to you.
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Justin Staub says

This Christmas, not unlike others, | struggled for gift ideas to give my parents. | tried exceptionally hard to
not put clothing or gift cards on my list. Instead, | found thought-provoking books to challenge my ideas on
education, how individuals learn, or how individuals cultivate one's creativity. As ateacher, | know | need to
change how | teach so students have more control over their learning.

| turned to my PLN on Twitter for help. Maria Popova (@brainpicker) put together her year-end list of
books. In particular | found the Best Science Books of 2012 very interesting. | vetted the list through Google
and Amazon reviews, and | settled on Stuart Firestein’s Ignorance: How it Drives Science.

Firestein wrote a very brief book about why the questions in science, research, and education are more
important than the answers. In his book, he explains his work as a neurobiologist and college professor has
taught him that scientists and students need NOT to spend their time memorizing and studying large amounts
of data. Volumes of new studies are published every day. The Internet has become a sufficient database of
knowledge. Rather than focus on facts and what is known, scientists and students must focus on the
unknown, the questions.

Firestein takes the reader through what types of questions are appropriate to ask; not all unanswered
guestions are appropriate for scientists or students. Using examples from his class and from his science, he
supports what types of questions are useful to uncovering new knowledge, not simply testing what already
exists.

The last few pages of the book are devoted directly to ignorance and education, from which the excerpt is
taken.

“Perhaps the most important application of ignorance is in the sphere of education, particularly of scientists.
Indeed | first saw the essential value of ignorance through teaching a course that failed to acknowledgeit.
The glazed-over eyes of students dutifully taking notes and highlighting line after linein atext of nearly
1,500 pages, the desperation to memorize facts for atest, the hand raised in the middle of alecture to ask
only, ‘“Will that be on the exam?’ These are all the symptoms of afailing educationa strategy.

We must ask ourselves how we should educate scientists in the age of Google and whatever will supersedeit.
When all the facts are available with afew clicks, and probably in the not very distant future by simply
asking the wall, or the television, or the cloud—wherever it is the computer is hidden—then teaching these
facts will not be of much use...

Instead of a system where the collection of factsis an end, where knowledge is equated with accumulation,
where ignorance is rarely discussed, we will have to provide the Wiki-raised student with ataste of and for
the boundaries, the edge of the widening circle of ignorance, how the data, which are not unimportant,
frames the unknown. We must teach students how to think in questions, how to manage ignorance.”

With unbelievable access to knowledge, students should not be learning facts. Students should learn to read
and interpret facts and ask questions on the cusp of what is known and unknown. Firestein’s book explains
why inquiry in education is so important and how science, among other fields, will suffer if education
continues to emphasi ze memorization over inquiry.
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Atila lamarino says

Muito bom. Uma excelente perspectiva de como as perguntas dirigem a pesguisa e como aignorancia bem
direcionada é fundamental. Ele explica como criou uma disciplina para discutir isso e experiéncias legais que
foram compartilhadas. Acaba virando um livro interessante para cientistas de todas as areas, que recomendo
muito.

Anna says

To BIBA?0 auT? LTIDOTNP?LEL 2TL N AVO0IA OTNV ETIOTUN €AVAI €200V CNUAVTIK? LE TN W70,
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TEAIK? VO p?00upe ak2uall!!
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L auren says

Let me start by saying | was not (apparently) the target audience for this book. It was a gift, and | didn't
necessarily come to this book expecting to learn alot, but maybe to get another perspective on things.

I was hooked in by the acknowledgements and introduction. The author shows some sarcastic humor, which
drew me in enough to say "thisiswhat I'm reading next". That humor, while vaguely present, felt like it
barely came out to play for the entire rest of the text.

| agreed with most of the author's ideas about the role of ignorance and recognizing what we don't know and
can't know. Many comments resonated with my personal experiences, interests, and beliefs with regards to
research. And perhapsit does highlight some of the issues with how scienceis presented (as much asit is) to
the general populace.

But-- | was having trouble staying awake as | read. The rambling style went around in circlesand | reached
the end of a chapter wondering what | was supposed to have considered within it. And even the "case
histories" section, which was a nice idea to show what he had meant in contexts, | think he could have
chosen better topics for the intended layperson audience.
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Ultimately | think this material was probably better suited to a classroom/seminar context where the author
states it had been previoudy represented, rather than this book where it was smushed into misshapen lumps
of paragraphs and monotonicity.
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