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The brain is often envisioned as something like a computer, and the body as
its all-purpose tool. But a growing body of new research suggests that something
more collaborative is going on — that we think not just with our brains, but with
our bodies. A recent series of studies has shown that children can solve math
problems better if they are told to use their hands while thinking. Another

recent study suggested that stage actors remember their lines better when they

are moving. And in one study published last year, a group of people asked to
(1

move their eyes in a specific pattern while puzzling through a logical problem

were twice as likely to solve it.

The term most often used to describe this new model of mind is “embodied
cognition,” and its champions believe it will open up entire new avenues for
understanding —and enhancing —the abilities of the human mind. Some

@
educators see in it a new paradigm for teaching children, one that privileges

movement and simulation over reading, writing, and reciting. Specialists in
rehabilitative medicine could potentially use the emerging findings to ( 7 )
patients recover lost skills after a stroke or other brain injury. The greatest
impact, however, has been in the field of *neuroscience itself, where embodied
cognition threatens age-old distinctions — not only between brain and body, but
between perceiving and thinking, thinking and acting, even between reason and
instinct — on which the traditional idea of the mind has been built.

“It’s a revolutionary idea,” says Shaun Gallagher, the director of the
cognitive science program at the University of Central Florida. “In the embodied
view, if you're going to explain cognition it’s not enough just to look inside the

brain. In any particular instance, what’s going on inside the brain in large part
3)

may depend on what’s going on in the body as a whole, and how that body is

situated in its environment.”
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Or, as the motto of the University of Wisconsin’s Laboratory of Embodied
Cognition puts it, Ago ergo cogito: “I act, therefore I think.”

The emerging field builds on decades of research into human movement and
gesture.  Much of the earlier work looked at the role of gestures in
communication, asking whether gesture grew out of speech or exploring why
people gestured when they were talking on the telephone.

But today, neuroscientists, linguists, and philosophers are making much
bolder claims. A few argue that human characteristics like empathy, or concepts
like time and space, or even the deep structure of language and some of the
most profound principles of mathematics, can ultimately be traced to the
*idiosyncrasies of the human body. They argue that if we didn’t walk upright or

@
weren’'t warm-blooded, we might understand these concepts totally differently.

The experience of having a body, they argue, is intimately tied to our intelligence.

“If you want to (- ) a computer to play chess, or if you want to design
a search engine, the old model is OK,” says Rolf Pfeifer, director of the artificial
intelligence lab at the University of Zurich, “but if you're interested in
understanding real intelligence, you have to deal with the body.”

Embodied cognition *upends several centuries of thinking about thinking.
*René Descartes, living in an age when steam engines were novelty items,
envisioned the brain as a pump that moved “animating fluid” through the
body — *head-shrinkers through the ages have tended to enlist the high-tech of
their day to ( ™7 ) the human cognitive system — but the mind, Descartes
argued, was something else entirely, an *incorporeal entity that interacted with
the body through the *pineal gland.

While a few thinkers challenged Descartes’ mind-body separation, it
remained the dominant model up through the 20th century, though its form
evolved with the times. After the development of the modern computer in the
years after World War II, a new version of the same model was adopted, with
the brain as a computer and the mind as the software that ran on it.
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In the 1980s, however, a group of scholars began to ( I ) this approach.
Fueled in part by broad disappointment with artificial intelligence research, they
argued that human beings don’t really process information the way computers

5)
do, by manipulating abstract symbols using formal rules. In 1995, a major

biological discovery brought even more enthusiasm to the field. Scientists in
Italy discovered “mirror neurons” that respond when we see someone else
performing an action —or even when we hear an action described —as if we
ourselves were performing the action. By simultaneously playing a role in both
acting and thinking, mirror neurons suggested that the two might not be so

separate after all.

(Hi82 : Drake Bennett, “Don’t just stand there, think,” The Boston Globe, January
13,2008 £ D, HEDME L, EXDO—HRICEEZMATNS,)
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Abraham Darby arrived in *Coalbrookdale with a mission in mind: to produce
cheap iron using coal —in the form of coke—as a fuel. His success was
foundational to the Industrial Revolution, allowing the production of less
expensive iron and so enabling the construction of railways, steamships and
industrial machinery, not to mention the famous iron bridge built by Darby’s
grandson near Coalbrookdale. A stroke of genius?

Hardly. Economic historian Robert Allen points out that Darby’s pivotal
inv(cle)ntion was a simple response to economic incentives. Existing iron *smelters
used wood; it did not need an Einstein to think of *chucking coal in the *furnace
instead. What it required was a supply of the world’s cheapest coal to make the
project worthwhile, and that is exactly what Coalbrookdale’s mines provided.
Once he worked out that the economics were viable, Darby simply commissioned
researchers to experiment, solve the technical problems, and make his project a
reality. And even after Darby’s invention was tried and tested, it (g:d not spread
to mainland Europe, for the simple reason that Europe’s coal was too expensive;
most of it was shipped over from Newcastle in England anyway. Coke smelting
in France or Germany was technologically possible, but just not profitable for 150
years.

This seems like an unusually straightforward case, but on closer inspection
the same turns out to be true of many of the Industrial Revolution’s technological
advances. Cotton-spinning machinery, for example, did not require any scientific
knowledge, just a careful process of development and experimentation plus a
little creativity: legend has it that the *spinning jenny was inspired by a
traditional medieval spinning wheel that fell over and kept spinning while lying on
the ground. The inventors of spinning machines such as the spinning jenny and
the *water frame launched serious research programs; they knew exactly what
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they hoped to achieve, and just needed to solve a series of modest engineering
problems.

They expended this considerable effort rationally —and those in France or
Ch(i?ga rationally did not — because the financials added up: Allen’s calculations
show that British workers were at that time the most highly paid in the world,
whether measured against the price of silver, of food, of energy, or of capital.
That meant that they were big consumers of imported cotton, but also that a
labour-saving device would *pay dividends. In Britain, a spinning jenny cost less

than five months’ wages, while in low-wage France it cost more than a year’s

wages. It was cheap French labour that accounted for the machine’s slow

adoption on the continent, not the superior scientific ingenuity of the British.

That was even more true of steam engines. They were, unusually for
Industrial Revolution technology, based on an actual scientific advance: Galileo
discovered that atmosphere had weight and so could exert pressure. Yet the
practical invention took place in Britain, not in Galileo’s Italy, and again, the
reason was not genius but the fact that labour was expensive and fuel was
incredibly cheap. Allen calculates that, in terms of *thermal units per hour,
wages in Newcastle in those days were perhaps ten times higher than those in
continental cities such as Paris and Strasbourg. Labour in China was even
cheaper. By the same reckoning, London wages were three times higher than
those in continental cities and six or seven times those in Beijing. It’s no

®)
surprise that the steam engine, a _device for replacing labour with coal, was a

British invention.

All this shows that many of the important innovations of the Industrial
Revolution were calculated and deliberate responses to high British wages and
cheap British coal. The cheap coal was an accident of geography, but the wages

weren’t. Our historical detective story leads us to another question:
(6)
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(8t : Tim Harford, The Logic of Life: Uncovering the New Ecomomics of
Everything, Little, Brown &0, HEDOEHE L, FEXO—FICEEEZMATNS,)
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1 who invented the steam engine?

what invention came next?

where did British coal come from?

when did the Industrial Revolution begin?

why were wages so high?

how did Abraham Darby die?
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The following dialogue is' a telephone conversation between two American

university students, Mary and Jane.

Mary:

Jane:

Mary:

Jane:

Mary:

Jane:

Mary:

Jane:

Mary:

Jane:

Jane:

Mary:

Jane:

Mary:

Jane:

Mary:

Hello?

Hi, Mary. This is Jane.

Oh, Jane, hi. What’s up?

I was just wondering if you're free this Saturday.

Oh, I’'m sorry, Jane, but I’'m terribly busy all this week.

Really?

Yes. AMHOHETIRIN b REDZEOFRRED L R—bEROLE
fctb:(é:l)bih‘f;bx@o

But I thought the deadline was today. I've just handed mine in.

Well, yes it is, but she let me have an extension.

You're kidding. Why?

Because I wanted to include some results from my latest experiments
and I needed to do a lot of calculations. EDHERBOBTHREICH N
5, RKEXKESOTE>TLNEDK, .

You're really working hard on these experiments.

Not really, I'm just very interested in Professor Milton’s subject.

Well anyway, how about next weekend? Will you be free then?

Yes, sure. That would be perfect. I'll be ready to have some fun then.
What do you have in mind?

Well, you see, a few friends and I have started a new volunteer group to
try and clean up our campus, and I thought you might be interested in
joining us.

Oh, I see. Well, what exactly do you do?
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Jane:
(

Mary:

Jane:

3)ﬁi@iﬂgﬂ®ﬁﬂl2, F¥ N ZAZEST, TIZHIDK, We recycle

plastic, paper and aluminum cans by selling them to recycling companies
and we donate the money we get to environmental charities.

That’s interesting. But how long does it take?

Oh, not long. We usually finish by about eight o’clock.

That’s pretty late. Does it take all day, then?

No, I mean eight o’clock in the morning. We start at six.

So early?

Yes.

Well, I'm not sure ...

THbE59%L, ZOHDEDIE, FEMOIENTESTLEI,

@

Oh, I guess that’s all right then. So we can have some fun afterwards.
Sure. We usually go and have breakfast at Bob’s Diner together when
we've finished. If you come, then maybe after breakfast we could go to

the new exhibition at the Science Museum.

-That’s just where I wanted to go.

OK, so will you join us then? HL Mo k=5, PIN\—hEFTHEHTHEZIZ
1<, ©

Well, I’'m not sure. Can we talk about it next week after Professor
Milton’s class?

Fine. I'll let you think it over, and see you in class.

Yes, see you then. Bye, Jane.

Bye, Mary. And good luck with your calculations.
Thanks Jane. Bye.
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