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A few years ago

at the University of Southern California’s
Brain and Creativity Institute,
a study was conducted where participants
were placed into a MRI machine.

Once inside, they were presented with
counterarguments fo strongly held
political beliefs.

A few examples:

‘Laws restricting gun ownership should be
made more restrictive.”

*Gay marriage should not be legalized”

As participants were read these
countferarguments, various parts of their
brains were scanned for activity,

What the study revealed was that the same
part of the brain that responds to a
PHYSICAL threat responds to an
INTELLECTUAL one.

This area of the brain is known as the

amygdala,

and it's the emotional core of your mind.

Unfortunately,
it makes Us biologically wired to react o
threatening information the same way we'd
react to being attacked by a predator.

Q s

THIS —— THIS

From an evolutionary standpoint,
it makes sense.

If you were a cavernan and another
caveman threw a boulder at your head,
You wouldn't react by logically debating the
pros and cons of getting brained.

FRANK JEALOUS OF JEFFS NICE CAVE.
FRANK KILL JEFF AND TAKE CAVE.

Now Frark.
T think objectivity
is hey here.

Core beliefs

are the beliefs which people
cherish the most deeply.

They usually develop from chidhood and are
compounded by life experiences.

Core beliefs are inflexible, rigid,
and incredibly sensifive to being challenged.

A belief

in

When I told you that George
Washington's dentures were made
from animal bones, it probably
didn't ruffle many feathers.

But when I suggested they
were made from slave teeth,
I'm guessing it caused strife
with some of you.

There are obvious cultural reasons for this;
slavery is a sensitive, hot-button issue.

But there are biological reasons as well:
the amygdala of your brain is screaming
‘BATTLE STATIONS”

HAVE NO FEAR
I WILL KILL IT
WITH SWORDS!

Some of you may have held a worldview that
George Washington was a patriot and a hero.
By presenting negative information about him,

it challenged that worldview.

Your brain loves consistency.
It builds a worldview like we build a house.

It has a foundation and a frame and
windows and doors and it knows exactly
how everything fits together.

If new piece is infroduced and it doesn't fit,

It then builds a fence and a moat
and refuses fo let in any Visitors.

This is why we have the backfire effect.
It's a biological way of protecting a worldview.

Just remember that your worldview
isn't a perfect house that was builtt
to last forever.

It's a cheap condo,
and over time most of it will turn to shit.

B
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MATTER | PHYSICS

When Einstein Tilted at Windmills

The young physicist’s quest to prove the theories of Ernst Mach.

BY AMANDA GEFTER
ILLUSTRATION BY JASU HU
DECEMBER 1, 2016

When they met, Einstein wasn’t Einstein yet. He was just Albert Einstein, a kid, about 17,
with a dark cloud of teenage angst and a violin. Michele Besso was older, 23, but a
kindred spirit. Growing up in Trieste, Italy he had shown an impressive knack for
mathematics, but he was kicked out of high school for insubordination and had to go live
with his uncle in Rome. Einstein could relate. At the Swiss Polytechnic, where he was
now a student, his professors resented his intellectual arrogance, and had begun locking

him out of the library out of spite.

Their first encounter was on a Saturday night in Zurich, 1896. They were at Selina
Caprotti’'s house by the lake for one of her music parties. Einstein was handsome —dark
hair, moustache, soulful brown eyes. Besso was short with narrow, pointed features and
a thick pile of coarse black hair on his head and chin. Einstein had a look of cool
detachment. Besso had the look of a nervous mystic. As they chatted, Einstein learned
that Besso worked at an electrical machinery factory; Besso learned that Einstein was
studying physics. Perhaps they recognized something in each other then: They both
wanted to get to the truth of things.

Besso would go on to become a sidekick, of sorts, to Einstein—a sounding board, as

Einstein put it, “the best in Europe,” asking the right questions that would inspire Einstein
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to find the right answers. At times, though, he would seem to be something more—a

collaborator, perhaps, making suggestions, working through calculations.

At other times he’d be the perfect fool—a schlemiel, Einstein called him. Like the time
Besso was sent on a job to inspect some newly installed power lines on the outskirts of
Milan but missed his train and then forgot to go the following day. On the third day he
finally made it to his destination, but by that time he’d completely forgotten what he was
supposed to be doing there in the first place. He sent a postcard to his boss:
“Instructions should be wired.”

If Besso never seemed to know quite what he was doing, it wasn’t for a lack of smarts.
“The great strength of Besso resides in his intelligence,” Einstein would write, “which is
out of the ordinary, and in his endless devotion to both his moral and professional
obligations; his weakness is his truly insufficient spirit of decision. This explains why his
successes in life do not match up with his brilliant aptitudes and with his extraordinary

scientific and technical knowledge.”

Still other times, Besso would play the role of Einstein’s conscience —urging him to work
things out with his future wife, Mileva, or to be a better father to his sons. Besso took
care of those sons on Einstein’s behalf when Mileva was sick. “Nobody else is so close

to me, nobody knows me so well,” Einstein would write in 1918.

But there was something uncanny about Besso. Over the coming years, he would
always show up at exactly the right moment, the perfect deus ex machina, handing
Einstein books, innocently offering suggestions, prodding him, goading him, nudging him
onto the right path, as if he had a plan. “I ... watch my friend Einstein struggle with the
great Unknown,” he would write, “the work and torment of a giant, of which | am the

witness—a pygmy witness—but a pygmy witness endowed with clairvoyance.”

That Saturday night, though, all of that lay in the future. For now, they became fast
friends—best friends, really. They talked for hours on end. For his first act of
camaraderie, Besso handed Einstein two books, insisting that he read them. They were

the works of Ernst Mach, the final actor in this three-man play.
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Perhaps you've heard of Ernst Mach. Mach 1, Mach 2, Mach 3, that Mach. His name is a
unit of speed, and—despite his beard—a brand of razors. He was a physicist, a
physiologist, a philosopher. A little bit of everything, really. You could find the young
Mach in the Austrian countryside carefully observing nature—staring at a leaf or a
shadow or a cloud with the utmost concentration and scrutiny, then scrutinizing his
scrutinizing, noting his every sensory glitch and glimmer, building a taxonomy of tricks
that our eyes can play. He collected bugs and butterflies. He tested the reactions of
various materials—in trying to see whether camphor would ignite, he burned off his
eyelashes and eyebrows. But it was when he was 15 years old that a single moment

changed everything.

“On a bright summer day in the open air, the world with my ego suddenly appeared to
me as one coherent mass of sensations,” he later wrote. He felt, in that moment, there
was no reality sitting “out there,” independent of his sensations, and likewise that there
was no self sitting “in here,” independent of its sensations. He grew certain that there
could be no real difference between mind and matter, between perceiving subject and

perceived object. “This moment was decisive for my whole view,” he wrote.

From that day forward, he vehemently rejected any form of dualism: the idea that the
external world was made up of substantial material objects— things—while the mind was
made of something else, so that the world we experience in consciousness is a mere
copy of an actual world that lies forever hidden from us. Instead he grew convinced that
mind and matter were made of the same basic ingredient. It couldn’t be a physical
ingredient, he argued, because how would bare matter ever give rise to subjective
experience? But it couldn’t be a mental ingredient either, he said, because he was
certain that the self was equally an illusion. The only way to unite mind and matter, he
decided, was to presume that they were made not of objective atoms, and not of
subjective qualia, but of some neutral thing, an “element,” he called it, which in one
configuration would behave as material substance and in another as immaterial

mentation, though in itself it would be neither and nothing.

“There is no rift between the psychical and the physical, no inside and outside, no

“sensation” to which an external “thing,” different from sensation, corresponds,” he wrote.
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“There is but one kind of elements, out of which this supposed inside and outside are
formed—elements which are themselves inside or outside, according to the aspect in
which, for the time being, they are viewed.” These elements “form the real, immediate,

and ultimate foundation.”

Mach’s view—neutral monism, it would later be called—required that every single aspect
of reality, from physical objects to subjective sensations, be purely relational, so that
whether something was “mind” or “matter” was determined solely by its relations with
other elements and not by anything inherent to itself. It was a radical idea, but it seemed
plausible. After all, Mach said, science is based on measurement, but “the concept of
measurement is a concept of relation.” What we call length or weight, for instance, is

really the relation between an object and a ruler, or an object and a scale.

It dawned on Mach, then, that if we could rewrite science solely in terms of what can
measured, then the world could be rendered entirely relational—entirely relative—and
the mind and universe could be unified at last. But that was going to require a new kind

of physics.

By 1904, Don Quixote had become one of Einstein’s favorite books.

Two years earlier, an unemployed Einstein had put an ad in the newspaper offering
physics tutoring for three francs an hour, and a philosophy student named Maurice
Solovine had shown up at his door. They started talking about physics and philosophy
and didn’t stop; the whole tutoring thing never even came up. Soon Conrad Habicht, a
mathematics student, joined the conversation, and the three young bohemians formed
something of a book club for highbrowed degenerates. They read works of philosophy
and literature and discussed them, sometimes until one in the morning, smoking, eating
cheap food, getting rowdy and waking the neighbors. They met several nights a week. In

mockery of stuffy academia, they dubbed themselves the Olympia Academy.

Besso was in Trieste working as an engineering consultant, but he came when he could,
and as Einstein’s closest friend, he was made an honorary member of the Academy.

Under Besso’s influence, the Olympians read and discussed Mach. Eventually Einstein
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landed a job at the Patent Office in Bern, and in 1904 he got Besso a job in the same
office, so they could work side by side. In the evenings, the Academy read Don Quixote.
It struck a chord with Einstein—later, when his sister Maja lay dying, he would read it to
her. As for the Olympia boys, who can say whether they noticed it then: how Besso had
become the Sancho Panza to Einstein’s Quixote. When Solovine and Habicht left, it was
just Einstein and Besso, walking home together from the patent office, discussing the
nature of space and time and, as always, Mach.

Mach’s plan to unite matter and mind required that every last bit of world be rendered
relative, with nothing left over. But there was one stubborn obstacle standing in the way:
According to physics, all motion was defined relative to absolute space, but absolute
space wasn’t defined relative to anything. It just existed, self-defined, like the basement
level of reality—it wouldn’t budge. Mach knew of this obstacle, and it rankled. He
criticized Newton’s “conceptual monstrosity of absolute space”—the idea of space as a

thing unto itself. But how to get around it?

For years it had been bugging Einstein that all attempts on an observer’s part to
determine whether or not he was at rest relative to absolute space were doomed to fail.
For every experiment he could think of, nature seemed to have a clever trick up its
sleeve to hide any evidence of absolute motion. It was so downright conspiratorial that

one might suspect, as Einstein did, that absolute space simply didn’t exist.

Following Mach’s lead, Einstein wanted to assert that motion was not defined by
reference to absolute space, but only relative to other motion. Unfortunately, the laws of
physics seemed to suggest otherwise. The laws of electromagnetism, in particular,
insisted that light had to travel at 186,000 miles per second regardless of the observer’s
frame of reference. But if all motion was relative, the light's motion would have to be
relative too—traveling 186,000 miles per second in one reference frame and some other

speed in another, in blatant violation of electromagnetic law.

So Einstein went to see Besso. “Today | come here to battle against that problem with

you,” he announced when he arrived.
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They discussed the situation from every angle. Einstein was ready to give up, but they

hammered away.

The next day, Einstein returned. “Thank you,” he said. “I've completely solved the

problem.” Within five weeks, his theory of special relativity was complete.

What magic words had Besso uttered in that fateful conversation? It seems he reminded

Einstein of Mach’s central idea: a measurement is always a relation.

Einstein and Besso discussed this—what two quantities we compare in order to
measure time. “All our judgments in which time plays a part are always judgments
of simultaneous events,” Einstein realized. “If, for instance, | say, ‘That train arrives here
at 7 o’clock,” | mean something like this: ‘The pointing of the small hand of my watch to 7

and the arrival of the train are simultaneous events.”

But how does one know that two events are simultaneous? Perhaps you’re standing still
and you see two distant lights flash at precisely the same moment. They'’re
simultaneous. But what if you had been moving? If you happened to be moving in the
direction of flash A and away from flash B, you’d see A happen first, because B’s light

would take ever so slightly longer to reach you.

Simultaneity is not absolute. There’s no single “now” in which all observers live. Time is

relative. Space, too.

It all dawned on Einstein then: It was possible for all observers to see light moving at
exactly 186,000 miles per second regardless of their own state of motion. The light’s
speed is a measure of how much distance it covers in a given amount of time. But time
changes depending on your state of motion. So even if you’re moving relative to the light,
time itself will slow down precisely long enough for you to measure light’s speed at the

very one required by Maxwell’s equations.

Einstein’s 1905 paper “On the Electrodynamics of Moving Bodies” introduced the world

to the theory of relativity, in which time and space can slow and stretch to account for an
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observer’s relative motions. It included no references whatsoever, but it ended with this
final paragraph: “In conclusion | wish to say that in working at the problem here dealt
with | have had the loyal assistance of my friend and colleague M. Besso, and that | am

indebted to him for several valuable suggestions.”

Einstein proudly sent his work to Mach, and seemed almost giddy when Mach
responded with his approval. “Your friendly letter gave me enormous pleasure,” Einstein
replied. “I am very glad that you are pleased with the relativity theory ... Thanking you

again for your friendly letter, | remain, your student, A. Einstein.”

Einstein had a long way to go, however, to see Mach'’s vision through. The problem was
that special relativity only relativized motion for observers moving at a constant speed.
The question of accelerated observers—those who were changing speed or rotating—
was far trickier. Within special relativity, there was no way to blame the force that comes

with acceleration on relative motion. Absolute space lingered.

In 1907, Einstein made a breakthrough. It was the happiest thought of his life, he would
later say: In small regions of space, an observer would be unable to tell whether he was
accelerating or at rest in a gravitational field. This suggested that it might be possible to
do away with the absolute nature of acceleration—and with it absolute space—once and
for all. Gravity, it seemed, was the secret ingredient that made all motion relative, just as
Mach had wanted. And that gave a whole new meaning to the very nature of gravity: The
path of an accelerated observer through spacetime traces a curve, so if acceleration was
equivalent to gravity, then gravity was the curvature of spacetime. It would be some time
before Einstein brought his general theory of relativity to fruition, but for now, he knew he

was on the right track.

Excited, Einstein wrote a letter to Mach informing him of his progress and the publication
of his newest paper. A new theory of gravity was underway, he said, and as soon as he
could prove it correct, “your inspired investigations into the foundations of mechanics ...
will receive a splendid confirmation.” In other words: I've done what you wanted. He

published his theory of general relativity in 1915; the next year, Mach died.
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Einstein wrote a long and moving obituary, glowing with praise for Mach’s scientific
vision, with its central point, as Einstein wrote, that “physics and psychology are to be
distinguished from each other not by the objects they study but only by the manner of
ordering and relating them.” He argued that Mach himself was close to coming up with
the theory of relativity, and wrote, with palpable admiration and innocence, that Mach

“helped me a lot, both directly and indirectly.”

That, however, was the apogee of the kinship between Einstein and Mach’s philosophy.
Einstein would eventually disavow the pure relativism of his mentor, and even to split
from his Sancho. The rift begins with a most unlikely event: words from beyond the

grave.

In 1921, Mach’s book The Principles of Physical Optics was published posthumously,
and contained a preface written by the author around 1913, shortly after Einstein had

sent him the early paper on general relativity.

‘Il am compelled in what may be my last opportunity, to cancel my views of the relativity
theory,” Mach wrote. “I gather from the publications which have reached me, and
especially from my correspondence, that | am gradually becoming regarded as the

forerunner of relativity ... | must as assuredly disclaim to be a forerunner of the relativists

Mach had likely seen what Einstein would only later come to terms with—that the so-
called general theory of relativity did not live up to its name. General relativity was an
unprecedented intellectual feat—but it didn’t make everything relative, as Mach had
dreamed. In the final version of the theory, the equivalence between acceleration and
gravitation, which had seemed to make all motion relative, turned out to hold only for
infinitesimally small regions of space. Patching together local regions into one big
universe produced misalignments at their edges, like flat tiles on a round globe. The
misalignments revealed the curvature of spacetime—a global geometry that couldn’t be
transformed away by a mere change in perspective. Each local region—a self-
consistent, relative world—turned out to be the tiny tip of an enormous, four-dimensional

iceberg, forever hidden from sight and decidedly not relative.
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It must have been an unsettling feeling for Einstein—watching his theory gather steam
and speed away from him, proving the very thing he had set out to disprove. The
problem was that, according to the theory, spacetime geometry was not fully determined
by the distribution of matter in the universe, so that even if you removed everything
observable, some extra ingredient still remained—spacetime itself, dynamic vyet
absolute. It created an unbridgeable divide between the physical world and the mind,
inviting, in its realist stance, a whiff of pure belief, even mysticism—the belief in a four-
dimensional substratum, the paper on which reality is drawn, though the paper itself is

invisible.

Einstein continued to push Mach’s view for several years after publishing general
relativity in 1915, living in total denial of the fact that his own theory went against it. He
tried everything under the sun to mold his theory into the shape of Mach’s philosophy—
making the universe finite but unbounded, adding a cosmological constant—but it just
wouldn’t fit. “The necessity to uphold [Mach’s principle] is by no means shared by all

colleagues,” he said, “but | myself feel it is absolutely necessary to satisfy it.”

So when Einstein first read Mach’s preface, it must have stung. We can hear his hurt in a
comment he made at a lecture in Paris in 1922, shortly after Mach’s preface was
published. Mach was “un bon mecanicien,” Einstein said bitterly, but a “deplorable
philosophe.” He would no longer claim that his theory was one of Machian relativism,
and by 1931 he would abandon Mach’s views completely. “The belief in an external
world independent of the perceiving subject is the basis of all natural science,” he wrote.
When asked how he could believe in anything beyond our sensory experience, he
replied: “I cannot prove my conception is right, but that is my religion.” And in 1954, a
year before his death: “We ought not to speak about the Machian Principle anymore.”

What Mach had never known—couldn’t have known—was that his true devotee had

never been Einstein. It was Besso.

Besso, that pygmy witness endowed with clairvoyance, saw exactly where Einstein’s

departure from Mach would soon lead him astray: in the realm of quantum mechanics.
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As Einstein came to grips with Mach’s rejection of relativity, the world of physics was
rocked by quantum theory, a revolution Einstein had helped to spark but now refused to
join. While he was making peace with an absolute spacetime—an absolute reality—
quantum mechanics was rendering the world even more relative. The theory suggested
that the outcomes of measurements could be defined only in relation to a given
experiment: An electron might be a wave relative to one measuring apparatus and a
particle relative to another, though in itself it was neither and nothing. In the words of
Niels Bohr, the purpose of the theory was “to track down, so far as it is possible,
relations between the manifold aspects of our experience”—relations and nothing more.
In other words, quantum theory picked up Mach’s program right where Einstein left off, a

point that both Bohr and Besso were quick to emphasize.

When Einstein, complaining about a colleague’s work, joked to Besso that, “He rides
Mach’s poor horse to exhaustion,” Besso replied, “As to Mach’s little horse, we should
not insult it; did it not make possible the infernal journey through the relativities? And
who knows—in the case of the nasty quanta, it may also carry Don Quixote de la Einsta

through it all!”

“l do not inveigh against Mach’s little horse,” Einstein responded, “but you know what |

think about it. It cannot give birth to anything living.”

The truth was, Einstein’s belief in a hidden reality had lain dormant for years, ever since
he was a little boy—4, maybe 5—and his father had come to his bedside and handed
him a compass. Einstein had held it in his hand, and found himself trembling in awe. The
way the needle quivered, tugged northward by some invisible force, overwhelmed him
with the feeling that “something deeply hidden had to be behind things.” Now he
glimpsed it again in the mathematics of general relativity. With Mach’s approval moot,
the awe he’d felt as a boy returned to him. When Besso tried to steer him away—toward
Mach, toward the quantum— Einstein reproached his faithful squire: “It appears that you

do not take the four-dimensionality of reality seriously.”

The reinvention of Einstein as a young iconoclast who embraced Mach’s view and ran

with it, determined to create a theory of pure relativity despite his natural realist
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leanings—was it actually Besso’s doing? Had the squire steered his master? In the short
story “The Truth About Sancho Panza,” Franz Kafka suggests that this reversal is, in
fact, the key to Cervantes’ tale. Don Quixote, he wrote, was Sancho Panza’s own
creation, an alter ego invented to carry out some inner vision Panza himself was ill
equipped to face. “l owe to you the scientific synthesis that without such a friendship one
would never have acquired—at least, not without expending all one’s personal forces,”
Besso wrote to Einstein—as if to say, thanks for working out that theory for me. But the
synthesis was incomplete. Having guided Einstein to water, Besso appears to have

failed to make him drink.

Besso never gave up on luring Einstein back to Machian relativity. But Don Quixote had
abandoned the knighthood for good, leaving Sancho to fend off the windmills for himself.
In Princeton, New Jersey, his hair now white and wild, Einstein sat at a cluttered desk
and struggled with reality while physics marched on without him. In Geneva, Switzerland,
in the University mathematics library, his wiry beard now blanched with time, Besso sat

hunched over his own pile of books, and worked —quietly, mysteriously—alone.
Amanda Gefter is a physics writer and author of Trespassing on Einstein’s Lawn: A

father, a daughter, the meaning of nothing and the beginning of everything. She lives in

Cambridge, Massachusetts.
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To Fix the Climate, Tell Better Stories

The missing climate change narrative.

BY MICHAEL SEGAL APRIL 13, 2017

Peter Sheridan Dodds has a nickname for us humans: Homo narrativus. Dodds, a professor at

the University of Vermont, uses mathematics to study social networks. He has argued that
people see the stories of heroes and villains, where there are really just networks and graphs.
It’s our desire for narrative, he says, that makes us believe that something like fame is the result

of merit or destiny and not a network model quirk.

That we love heroes is something we can all intuitively understand. Less obvious is that climate,
too, has a considerable narrative weight and is something we understand through storytelling.
“Climate cannot be experienced directly through our senses,” writes Mike Hulme in his
book Why We Disagree about Climate Change. “Unlike the wind which we feel on our face or
a raindrop that wets our hair, climate is a constructed idea that takes these sensory
encounters and builds them into something more abstract.” That abstraction has a moral and a
historical quality: from the portrayal of flood myths as part of our relationship with the divine, to

the birth of fictional monsters like Frankenstein in the wake of climate events, to our association

of storms and earthquakes with emotional states—climate has always been more than a

mathematical average of weather. In fact, Hulme says, it is only recently, and primarily in the

West, that the cultural and physical meanings of climate have become so separated.

That separation has contributed to a narrative vacuum—and, like nature itself, people abhor a
vacuum. We fill it with the narratives we have at hand, even if they are powerfully at odds
with each other. This goes some way to understanding the vitriol of the climate debate. “The
ideological freightage we load onto interpretations of climate and our interactions with it,”
writes Hulme, “are an essential part of making sense of what is happening around us today in

our climate change discourses.” Stories about the virtues and evils of capitalism, the role of
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divine control, nationalist values, and so on, are not so much maliciously inserted into what
could be a sober conversation but are an inevitable response to a story that is incomplete
without them.

Faced with an absence, we revert to old narratives, and there are few older than utopia and
dystopia. The skeptic storyline of the rise of a dictatorial world government usurping American
values must be considered not as a unique reply to climate change but as the latest instance of a
well-established dystopic trope, stoked by the climate narrative vacuum. Something similar can
be said for attacks on the capitalist enterprise from the left. The public, for its part, is served
visions of an apocalyptic future, whether it'’s from politicians or from Hollywood—and,
simultaneously, the utopianism of far-distant science fiction, which as a category is consumed in
greater quantity than science journalism and which reflects and encourages what sociologists

”

call “optimism bias” or “technosalvation.” These utopian instincts are strengthened by a
historical data point obvious to all: Our species has survived every obstacle we’ve encountered,

and we are still here.

[...]

This is not to say that the climate conversation is irreparably broken. It’s true we can’t take away
those unhelpful narratives that have already been attached to it. But we can add new ones, and
some narratives are more powerful than others. Scientific narratives, if they’re done right, are
some of the most powerful of all. They teach us more than facts, mechanisms, and
procedures. They convey a worldview of skeptical empiricism and indefinite revision, show us
how to negotiate the boundary between our rational and emotional selves, teach us to
suspend judgment and consider all the possibilities, and remind us that a belief in objective
truth is a deep kind of optimism with massive dividends. Perhaps most important of all, they

situate us in the world.

The successful assimilation of broad narratives from astronomy and genetics reminds us how
powerful science narrative can be. We think of ourselves today as genetic machines, carrying
around an adaptive program, which we inherit and pass on, doing so on this one habitable
planet among countless others in a universe with a finite age. These facts have become

intuitions and a part of our identity. The goal of climate change coverage should be a similar
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creation of intuition from fact. Intuition that our planet is a dynamic thing, that its environment
is highly interconnected, that it has been remade many times by things living and dead.

Are we getting that done? The media has communicated the basic facts behind climate change
well enough: the famous line graph of rising carbon dioxide levels, the 300 parts per million line
in the sand, the northward migration of adapting species, and the endangerment of those left
behind. But the narrative around these facts is more obscure. In the words of social scientists
Susanne Moser and Lisa Dilling, science communicators “often assume that a lack of
information and understanding explains the lack of public concern and engagement, and that

therefore more information and explanation is needed to move people to action.”

Many of
these facts are, by now, either uncontested or unsurprising. It is the narratives around them

that are missing.

Kirk Johnson, director of the Smithsonian National Museum of Natural History, puts it this
way: “If you look at how the media treats scientific discoveries, they’ll go to the wonder. ...
[They'll say] ‘here’s this thing that’s been discovered,” not the process of how we figured it
out. And | think that understanding of how we know what we know is so critical ... If you don’t
help people understand what those processes are, [if] you just say ‘here’s the answer,” now
they can go onto the web and dial up an alternate answer. | think we’re seeing an erosion of

credibility of science to the public because of this huge flood of technology and information.”

[...]

Even scientists need to lure each other with narratives. The philosopher Rom Harré offers up
that pillar of modern professional science, the scientific paper, as exhibit A. He argues that the
three-part structure of the typical paper (hypothesis, results, and inductive support) is a post
facto interpretation: “Anyone who has ever done any actual scientific research knows that
this is a tale, a piece of fiction. The real-life unfolding of a piece of scientific research bears

little resemblance to this bit of theatre.”' Speaking as both a former scientist and a former

17. Harré, R. Some narrative conventions of scientific discourse. In Nash, C. (Ed.) Narrative in

Culture: The Uses of Storytelling in the Sciences, Philosophy, and Literature New York:
Routledge, New York, NY (1990).

http://nautil.us/issue/47/consciousness



NAUTILUS MAGAZINE ISSUE 47: CONSCIOUSNESS

academic editor, | can attest to the truth of this statement. From the lab to the publisher’s desk,
narrative is constantly helping to organize, sell, and drive science. As Harré puts it, “Science
must present a smiling face both to itself and to the world.” If narrative is necessary for one
scientist to convince another of his or her result, it's certainly necessary to engage and

convince the public.

The narrative questions around climate change are broad. What does it mean for there to be a
scientific consensus? How is the scientific method properly applied to a system that resists
experimentation? What does a complex system look like? What is the nature of risk and
probability? Each has a direct bearing on the climate change conversation without necessarily
being about climate change. They, and others like them, constitute a suprascientific narrative
that is necessary for science to become culture. In a way, every good science story is a story

about all of science and helps us understand every other science story.

So let’s tell more of them.

http://nautil.us/issue/47/consciousness
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Born in Tuscumbia, Alabama, in 1880, Helen Keller thrived as a healthy infant for 19 months,
until she fell ill with what was probably meningitis. She survived the raging fever but

permanently lost both her sight and her hearing. [...]

Keller describes the outcome of her illness as having “plunged me into the unconsciousness of a
new-born baby,” and then recounts how this new state became normal: “l got used to the
silence and darkness that surrounded me and forgot that it had ever been different.” The next
two chapters describe the five-and-a-half years that Keller struggled to understand the world
she was living in and communicate with those around her, without the benefit of a common

language.

Most people are familiar with the moment when Anne Sullivan helped the 7-year-old Keller
make a tactile connection between the concept of running water and the motion of hands
spelling out its English name, “W-A-T-E-R.” Keller herself described that moment as “my soul’s
sudden awakening.” But Keller’s writing makes it clear that her soul—as well as intellect—was

actually wide awake well before that particular epiphany. [...]

Throughout these early chapters, Keller gushes over the violets, lilies, roses, honeysuckles,
Southern smilax, trailing clematis, “drooping jessamine,” and other flowers that were planted
throughout her family’s cottage property. In the complete absence of sight and sound, Keller
navigated the world for years using exclusively smell, touch, and taste. We can almost smell and

touch with her when Keller remembers the roses of her childhood home:

They used to hang in long festoons from our porch, filling the whole air with their fragrance,
untainted by any earthy smell; and in the early morning, washed in the dew, they felt so soft, so

pure ...
Keller relied upon her intimate familiarity with the flowers and plants near the house in order

find her way around; for example, the feel of the “square stiff boxwood hedges” that marked

the edge of the property. She differentiated each tree and fencepost by the pattern of the
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English ivy wrapped upon it. That fateful well-house where she first learned to sign? Keller
remembers getting there by walking toward the “fragrance of the honeysuckle with which it was

covered.”

“My hands felt every object and observed every motion, and in this way | learned to know many
things,” explains Keller, going on to describe how she recognized each article of clothing by
slight differences in the feel of the fabric, and thus helped to sort the laundry. Keller sensed the
air moving when the front door opened, and the floor vibrating when it was trod upon, and so

learned to anticipate the comings and goings of the people that she knew.

The simple joys of childhood were not lost on Keller: She loved to pet the cows while they were
being milked, grind spices, pick through raisins, and lick stirring spoons. Each time | read Keller’s
work, | am reminded that | should use all of my senses as | study the world, that | should
periodically scour the corners of my imagination for hints that my subconscious may be

dropping, fueled as it is by information that | cannot recognize as having consciously acquired.

[...]

The climax of Keller’s childhood occurred during the summer of 1887 when Anne Sullivan
convinced her that “everything had a name, and each name gave birth to a new thought.” Her
joy in finding that she was not alone in her need to label and categorize the world’s objects was

unbridled, even in its telling more than a decade later:

As we returned to the house, every object which | touched seemed to quiver with life. That was

because | saw everything with the strange, new sight that had come to me.

This beautiful description of how taxonomy can awaken us to our surroundings has long been
my favorite answer as to why | still require students to memorize the anatomy of the flower, the
epochs of the Cenozoic, the reactions of the Krebs cycle. “As my knowledge of things grew, | felt
more and more the delight of the world | was in,” wrote Keller. As a teacher, | am fortunate to

see this play out—to see this same flower open—year after year in my classroom.
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HOW TO WRITE LIKE CHEKHOV ED. PIERRO BRUNELLO & LENA LENCEK

Descriptions of Nature: Details

Letter to Alexander Chekhov, Moscow, May 19, 1886

[ think that descriptions of nature should be short and to the point. Commonplaces such as,
“The setting sun bathing in the waves of the darkening sea poured out a flood of crimson
gold,” etc.,, and, “The swallows skimming the surface of the water chirped joyously”—such
commonplaces should be eliminated. In describing nature, focus on minute details and
group them in such a way that when the reader will have finished reading, he will be able to
close his eyes and see a complete picture. You can produce the impression of a moonlit
night, for example, by writing that the broken bottle glass twinkled like stars on the
milldam, and that the black shadow of a dog or a wolf rolled by, and so on. Nature appears
to be animated if you are not afraid to use comparisons between natural phenomena and

human actions.

COLLECTED FRAGMENTS

Notebook
Always keep a notebook on hand to jot down facts, observations, turns of phrase, and to record

statements and interviews.

WHEN TRAVELING:

Do Not Make Too Many Plans

Sometimes it is useful to leave things up to chance, especially when in an unfamiliar setting.

Accept Invitations
Go to dinner, pay attention to the furnishings and the food, listen to the guests, and take part

in the conversation.

Take Walks
Take walks with a companion or by yourself, to talk things over and try to get a detached view

of things.
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Join Celebrations
Observe the preparations, rites, and participants; note the

atmosphere.

Make Tours of Inspection
Visit sites at times suitable for seeing how they normally

function.

Listen to Rumors
Listen to gossip and check on sources to verify reliability; try to determine why false rumors

receive as much credence as accurate reports.

Study the Graffiti

Ask yourself why people write on benches and walls.

Note the Signs of Social Hierarchy
Be attentive to formal and informal forms of address, hat doffing, use of space, sartorial

details, and bodily marks.

Pay Attention to Place Names

Consider the significance of place or street names.

Note Traces of the Past
Ask yourself whether the appearance of buildings, house furnishings, and speech patterns

might not retain traces of the past, and in what ways they might do so.

Use Your Nose
Take in smells, identify their source, describe them using plain language, and try to determine

their chemical composition.

Listen

Listen to noises, sounds, and background voices.
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Touch

Use your sense of touch.

Save Receipts, Schedules, and Fliers

Whenever possible, collect documents, pamphlets, and announcements.

Take a Census
When facts are unavailable, it is useful to take a census, not so much to obtain statistics, as to

gain access to homes and the chance of meeting people.

Frame Questions
Do not solicit answers that already exist in written sources; formulate questions that produce

clear responses,;

Conversation, Not Interrogation

Have conversations with people you meet on the street, or at work, or visiting over tea.

Study Children
Talk with children and observe their games to understand, among other things, the adult

world.

Tell the Story of the Journey
Relate the story of the journey from start to finish, describing the places and the events you
experienced—even if these have nothing to do with your main argument—because these will

help put your recollections in context.
Make Inventories

Draw up lists of objects and instruments.

Ascertain Reliability

Understand the premises and biases of the source material.
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Make Comparisons

Juxtapose material from the most diverse sources, including your own experiences.

Explain Discrepancies Between Questions and Answers
Sometimes the most interesting answers can be those that are incorrect or approximate, or

even not answers at all.

INSERT YOURSELF INTO THE SCENE

Reflect on What Is Happening

Keep in mind that the investigator is also the object of observation.

Share Your Emotions
When describing an episode in which you were a participant, describe the emotions you

experienced.

Write as if You Were Painting

Imagine that you are painting a picture with all the details and colors.

Use Photographs

When describing a place, a situation, or a person, keep a photograph in front of you.

Report Conversations

Use direct discourse to report a conversation.

Tell Stories as They Were Told
Tell the stories that were told to you in the words of the original speakers, or try switching

between their voices and yours.

Juxtapose the Past and the Present
When you give a description of a place, tell what it was like in the past and how it has changed,

drawing on travelers’ accounts and the reminiscences of old-time residents.
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