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Emotions Help Steer Students'
Learning, Studies Find
Scholar sees passion as mind's 'rudder'
By Sarah D. Sparks April 26, 2016

Despite what Star Trek's Mr. Spock would have you think, emotions are not
the enemy of reason. Rather, new research suggests emotions underpin how
students learn in the classroom.

"People think of emotion getting in the way of cognition, but it doesn't.
Emotion steers our thinking; it's the rudder that directs our mind and
organizes what we need to do," said Mary Helen Immordino-Yang, an
associate professor of education, psychology, and neuroscience at the
University of Southern California, in an interview with Education Week.

In a new book, Emotions, Learning, and the Brain, Immordino-Yang
and her colleagues at USC's Brain Creativity Institute found that as students
learn new rules during a task, such as the most efficient way to answer a math
problem or the best deck to choose in a card game, they show emotional and
physical responses long before they became consciously aware of the rules or
are able to articulate them.

Gut Check

This emotional response—think of a student having a "gut feeling" that a
particular answer was right—was the first sign of a student learning from her
experience with the task. In fact, separate studies found that people with a
particular type of brain damage—to a part of the brain that connects areas
associated with feeling emotions with those associated with developing
cognitive strategies—do not learn from failure and continue to choose
inappropriate strategies for solving a problem even if they consciously "know"

the rules.

"What happens when thinking is devoid of emotion is you don't remember it
or think deeply about it," Immordino-Yang said.

In a classroom context, Immordino-Yang said, that means students who feel
no meaningful emotional connection to the material they learn will have a
harder time both remembering and applying it.

http://www.edweek.org/ew/contributors/sarah.sparks_3549540.html
http://books.wwnorton.com/books/Emotions-Learning-and-the-Brain/


harder time both remembering and applying it.

While educators have long discussed the role of music or art in engaging
students emotionally with learning, Immordino-Yang and her colleagues have
found that even abstract academic concepts can inspire an emotional
connection if people understand their context. For example, mathematicians
show the same pleasure response in the brain when they see an efficient
equation as others have shown when viewing a beautiful piece of art.

"The ability to feel passionate about something is a skill. What we need to
teach kids is that feeling passionate about something doesn't just fall into
your lap," said Immordino-Yang. Rather, students can learn how to take
interest in subjects that aren't immediately entertaining.

By the same token, separate studies help endorse Mr. Spock's point of view:
They suggest that negative emotions can interfere with learning in part
because they compete with normal engagement with new concepts.

Feedback Cycles

As important as emotion seems to be for learning, schools may not do enough
to support students' emotional development as a tool for learning, some
experts argue. Prior studies have shown children become less positive over
the course of elementary school, and new German studies suggest academic
engagement and achievement—or the lack of them—could create feedback
loops for young students.

Stephanie Lichtenfeld, a senior psychology lecturer at the University of

Munich, tracked 520 students in 31 schools from the beginning of 2nd grade
through the end of 4th grade. She recorded the students' levels of enjoyment,
anxiety, and boredom in math classes, as well as their end-of-year math-
achievement levels.

"The emotional pattern gets increasingly negative over the school years,"
Lichtenfeld said. "Enjoyment really drops over elementary school years, and
negative emotions like test anxiety and boredom increase."

Why? Lichtenfeld found each of the emotions created a feedback loop
with academic achievement. A student who was anxious in math class in
2nd grade was likelier to have lower math achievement at the end of the year;
lower math achievement at the end of 2nd grade made it likelier that the
student would be even more anxious in 3rd grade, increasing the risk of even
lower math performance, and so on through elementary school. Boredom

http://convention2.allacademic.com/one/aera/aera16/index.php?cmd=Online+Program+View+Paper&selected_paper_id=1056623&PHPSESSID=um3g9f09o1utnadldr9qhbj1o0


also produced a negative cycle, while early enjoyment in math created a
positive feedback cycle.

"These built on themselves over time," Lichtenfeld said during a symposium
on emotion at the American Educational Research Association meeting in
Washington this month. "That's really a pattern where we should think about
interventions to make students feel better in school" in the early grades as a
way to improve performance.

Moreover, in a separate German study also presented at the meeting, Philipp
Forster of the Ludwig Maximillian University in Munich, found negative
emotions can spread among classmates in school.

Forster and his colleagues tracked 411 students in 16 high school math classes
in Bavaria. Through surveys, the researcher identified which students were
friends and also profiled each student's levels of school engagement,
motivation, achievement, and disruptive behavior.

While students did not initially select friends with the same personality

profiles, Forster found that students' negative emotions—anger,
anxiety, and hopelessness—became more similar to those of their
friends over time. By contrast, students did not seem to become more like
their friends in positive emotions like enjoyment or pride.

Immordino-Yang recommended four strategies for teachers to improve
students' emotional basis for learning:

• Give students open-ended problems that force them to dig into the
definition of the task itself.

• Encourage students to recognize and use their own academic "intuitions"
while learning—for example, to notice when they feel uneasy about an answer
and look back later to see if it was incorrect.

• When trying to improve students' emotions in the classroom, focus on
adding meaning to content the students are working with, rather than
positive distractions, like telling a joke or giving prizes.
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by	  Hope	  Jahren	  

	  

EXCERPT	  

	  

Over	  the	  years	  I	  have	  built	  three	  laboratories	  from	  scratch,	  given	  warmth	  and	  life	  to	  three	  

empty	   rooms,	   each	   one	   bigger	   and	   better	   than	   the	   last.	   My	   current	   laboratory	   is	   almost	  

perfect—located	   in	   balmy	   Honolulu	   and	   housed	   within	   a	   magnificent	   building	   that	   is	  

frequently	  crowned	  by	  rainbows	  and	  surrounded	  by	  hibiscus	  flowers	  in	  constant	  bloom—

but	  somehow	  I	  know	  that	  I	  will	  never	  stop	  building	  and	  wanting	  more.	  My	  laboratory	  is	  not	  

“room	  T309,”	   as	   stated	  on	  my	  university’s	   blueprints;	   it	   is	   “the	   Jahren	  Laboratory”	   and	   it	  

always	  will	  be,	  no	  matter	  where	  it	  is	  located.	  It	  bears	  my	  name	  because	  it	  is	  my	  home.	  

	  

My	  laboratory	  is	  a	  place	  where	  the	  lights	  are	  always	  on.	  My	  laboratory	  has	  no	  windows,	  but	  

it	  needs	  none.	   It	   is	   self-‐contained.	   It	   is	   its	  own	  world.	  My	   lab	   is	  both	  private	  and	   familiar,	  

populated	   by	   a	   small	   number	   of	   people	  who	   know	   one	   another	  well.	  My	   lab	   is	   the	   place	  

where	  I	  put	  my	  brain	  out	  on	  my	  fingers	  and	  I	  do	  things.	  My	  lab	   is	  a	  place	  where	  I	  move.	   I	  

stand,	  walk,	  sit,	  fetch,	  carry,	  climb,	  and	  crawl.	  My	  lab	  is	  a	  place	  where	  it’s	  just	  as	  well	  that	  I	  

can’t	   sleep,	  because	   there	  are	   so	  many	   things	   to	  do	   in	   the	  world	  besides	   that.	  My	   lab	   is	   a	  

place	  where	  it	  matters	  if	  I	  get	  hurt.	  There	  are	  warnings	  and	  rules	  designed	  to	  protect	  me.	  I	  

wear	  gloves,	  glasses,	  and	  closed-‐toed	  shoes	  to	  shield	  myself	  against	  disastrous	  mistakes.	  In	  

my	  lab,	  whatever	  I	  need	  is	  greatly	  outbalanced	  by	  what	  I	  have.	  The	  drawers	  are	  packed	  full	  
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with	   items	   that	   might	   come	   in	   handy.	   Every	   object	   in	   my	   lab—no	   matter	   how	   small	   or	  

misshapen—exists	  for	  a	  reason,	  even	  if	  its	  purpose	  has	  not	  yet	  been	  found.	  

	  

My	  lab	  is	  a	  place	  where	  my	  guilt	  over	  what	  I	  haven’t	  done	  is	  supplanted	  by	  all	  of	  the	  things	  

that	   I	   am	   getting	   done.	   My	   uncalled	   parents,	   unpaid	   credit	   cards,	   unwashed	   dishes,	   and	  

unshaved	   legs	   pale	   in	   comparison	   to	   the	   noble	   breakthrough	   under	   pursuit.	   My	   lab	   is	   a	  

place	  where	  I	  can	  be	  the	  child	  that	  I	  still	  am.	  It	  is	  the	  place	  where	  I	  play	  with	  my	  best	  friend.	  

I	   can	   laugh	   in	  my	   lab	   and	  be	   ridiculous.	   I	   can	  work	   all	   night	   to	   analyze	   a	   rock	   that’s	   100	  

million	  years	  old,	  because	  I	  need	  to	  know	  what	  it’s	  made	  of	  before	  morning.	  All	  the	  baffling	  

things	   that	   arrived	   unwelcome	   with	   adulthood—tax	   returns	   and	   car	   insurance	   and	   Pap	  

smears—none	  of	  them	  matter	  when	  I	  am	  in	  the	  lab.	  There	  is	  no	  phone	  and	  so	  it	  doesn’t	  hurt	  

when	   someone	   doesn’t	   call	  me.	   The	   door	   is	   locked	   and	   I	   know	   everyone	  who	   has	   a	   key.	  

Because	  the	  outside	  world	  cannot	  come	  into	  the	  lab,	  the	  lab	  has	  become	  the	  place	  where	  I	  

can	  be	  the	  real	  me.	  

	  

My	  laboratory	  is	  like	  a	  church	  because	  it	  is	  where	  I	  figure	  out	  what	  I	  believe.	  The	  machines	  

drone	  a	  gathering	  hymn	  as	  I	  enter.	   I	  know	  whom	  I’ll	  probably	  see,	  and	  I	  know	  how	  they’ll	  

probably	  act.	  I	  know	  there’ll	  be	  silence;	  I	  know	  there’ll	  be	  music,	  a	  time	  to	  greet	  my	  friends,	  

and	   a	   time	   to	   leave	   others	   to	   their	   contemplation.	   There	   are	   rituals	   that	   I	   follow,	   some	   I	  

understand	  and	  some	  I	  don’t.	  Elevated	  to	  my	  best	  self,	  I	  strive	  to	  do	  each	  task	  correctly.	  My	  

lab	  is	  a	  place	  to	  go	  on	  sacred	  days,	  as	  is	  a	  church.	  On	  holidays,	  when	  the	  rest	  of	  the	  world	  is	  

closed,	   my	   lab	   is	   open.	   My	   lab	   is	   a	   refuge	   and	   an	   asylum.	   It	   is	   my	   retreat	   from	   the	  

professional	   battlefield;	   it	   is	   the	   place	  where	   I	   coolly	   examine	  my	  wounds	   and	   repair	  my	  

armor.	  And,	   just	   like	  church,	  because	   I	  grew	  up	   in	   it,	   it	   is	  not	  something	   from	  which	   I	  can	  

ever	  really	  walk	  away.	  

	  

My	  laboratory	  is	  a	  place	  where	  I	  write.	  I	  have	  become	  proficient	  at	  producing	  a	  rare	  species	  

of	   prose	   capable	   of	   distilling	   10	   years	   of	   work	   by	   five	   people	   into	   six	   published	   pages,	  

written	   in	   a	   language	   that	   very	   few	   people	   can	   read	   and	   that	   no	   one	   ever	   speaks.	   This	  

writing	   relates	   the	   details	   of	   my	   work	   with	   the	   precision	   of	   a	   laser	   scalpel,	   but	   its	  

streamlined	   beauty	   is	   a	   type	   of	   artifice,	   a	   size-‐zero	  mannequin	   designed	   to	   showcase	   the	  

glory	   of	   a	   dress	   that	   would	   be	   much	   less	   perfect	   on	   any	   real	   person.	   My	   papers	   do	   not	  

display	   the	   footnotes	   that	   they	   have	   earned,	   the	   table	   of	   data	   that	   required	   painstaking	  
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months	  to	  redo	  when	  a	  graduate	  student	  quit,	  sneering	  on	  her	  way	  out	  that	  she	  didn’t	  want	  

a	  life	  like	  mine.	  The	  paragraph	  that	  took	  five	  hours	  to	  write	  while	  riding	  on	  a	  plane,	  stunned	  

with	  grief,	  flying	  to	  a	  funeral	  that	  I	  couldn’t	  believe	  was	  happening.	  The	  early	  draft	  that	  my	  

toddler	  covered	  in	  crayon	  and	  applesauce	  while	  it	  was	  still	  warm	  from	  the	  printer.	  

	  

Although	  my	  publications	  contain	  meticulous	  details	  of	   the	  plants	   that	  did	  grow,	   the	   runs	  

that	  went	  smoothly,	  and	  the	  data	  that	  materialized,	  they	  perpetrate	  a	  disrespectful	  amnesia	  

against	   the	   entire	   gardens	   that	   rotted	   in	   fungus	   and	   dismay,	   the	   electrical	   signals	   that	  

refused	   to	   stabilize,	   and	   the	   printer	   ink	   cartridges	   that	   we	   secured	   late	   at	   night	   through	  

nefarious	  means.	  I	  know	  damn	  well	  that	   if	  there	  had	  been	  a	  way	  to	  get	  to	  success	  without	  

traveling	   through	   disaster	   someone	   would	   have	   already	   done	   it	   and	   thus	   rendered	   the	  

experiments	  unnecessary,	  but	   there’s	  still	  no	   journal	  where	  I	  can	  tell	   the	  story	  of	  how	  my	  

science	  is	  done	  with	  both	  the	  heart	  and	  the	  hands.	  

	  

Eventually	  8	  a.m.	  rolls	  around,	  the	  chemicals	  need	  to	  be	  restocked,	  the	  paychecks	  need	  to	  be	  

cut,	   the	   plane	   tickets	   need	   to	   be	   bought,	   and	   so	   I’ve	   lowered	   my	   head	   and	   written	   yet	  

another	  scientific	  report	  while	  the	  pain,	  pride,	  regret,	   fear,	   love,	  and	   longing	  have	  built	  up	  

deep	  in	  my	  throat	  unspoken.	  Working	  in	  a	  lab	  for	  20	  years	  has	  left	  me	  with	  two	  stories:	  the	  

one	  that	  I	  have	  to	  write,	  and	  the	  one	  that	  I	  want	  to.	  

	  



Such Stuff As Dreams Keith Oatley                                                                                                                      

Flow:	  	  

!
A	  strong	  sense	  of	  being	  creatively	  engaged	  –	  as	  happens	  in	  a	  close	  conversation	  and	  when	  

reading	  or	  watching	  a	  fiction	  –	   is	  of	  becoming	  one	  with	  what	  we	  are	  doing,	  or	  reading,	  or	  

watching.	  An	   important	   researcher	  on	   this	   sense	  of	  engagement,	  which	  he	   identifies	  with	  

creativity,	   is	   Mihaly	   Csikszentmihalyi	   who	   has	   written:	   “	   Creativity	   is	   a	   central	   source	   of	  

meaning	  in	  our	  lives	  [because]	  when	  we	  are	  involved	  in	  it,	  we	  feel	  that	  we	  are	  living	  

more	  fully	  than	  during	  the	  rest	  of	  life	  ”.	  With	  a	  colleague,	  Csikszentmihalyi	  used	  a	  method	  in	  

which	  he	  gave	  adolescents	  signals	  at	  random	  moments	  during	  the	  day,	  and	  asked	  them	  to	  

say	   what	   they	   were	   doing	   and	   what	   their	   emotions	   were	   at	   that	   moment.	   Among	   the	  

findings	  was	  that	  although	  adolescents	  spend	  a	  good	  deal	  of	  time	  watching	  television,	  they	  

do	   it	   more	   or	   less	   to	   pass	   the	   time,	   and	   it	   ’	   s	   generally	   experienced	   as	   not	   particularly	  

enjoyable.	  Enjoyment	  is	  based	  on	  experiences	  that	  Csikszentmihalyi	  calls	  “	  flow.	  ”	  	  

!
!
The	  Experience	  of	  Emotion	  in	  Fiction:	  	  

!
When	  we	  read	  fiction	  or	  watch	  drama	  we	  want	  to	  be	  moved.	  When	  we	  read	  a	  piece	  of	  non-‐

fiction,	   perhaps	   about	   genetics	   or	   history,	  we	  want	   to	   be	   informed.	   At	   least	   that’s	   a	   first	  

thought.	  It	  ’s	  not	  a	  complete	  thought	  because	  we	  also	  often	  feel	  involved	  and	  moved	  when	  

we	   read	  non-‐fiction.	  So	   let	  me	  see	   if	   I	   can	  put	   this	   intuition	  better.	   In	  fiction,	  as	  well	  as	   in	  

genres	   like	   biography,	   emotions	   are	   critical;	   we	   engage	   with	   issues	   because	   they	   are	  

emotionally	  important	  to	  us,	  having	  to	  do	  with	  people,	  with	  intentions,	  and	  with	  outcomes.	  

The	  emotions	  we	  experience	  are	  not	  primarily	  those	  of	  the	  characters,	  they	  are	  our	  own,	  in	  

the	   contexts	   we	   imagine.	   In	   non-‐fiction,	   the	   issues	   with	   which	   we	   engage	   may	   include	  

people,	  intentions,	  and	  outcomes	  but	  they	  can	  be	  more	  various,	  and	  need	  not	  have	  our	  own	  

emotions	  at	  the	  center.	  

!
How	  do	  we	  understand	  emotion?	  There	  is	  fair	  agreement	  in	  psychology	  that	  it	  is	  typically	  a	  

process	   in	  which	   some	   event	   or	   person	   (in	   the	   outer	  world)	   is	   related	   to	   a	   concern	   or	   a	  

purpose	   (which	   is	   inward).	   Emotion	   is	   that	   process	   in	   life	   by	   which	   events	   become	  

meaningful	  to	  us.	  Often	  it	  brings	  the	  events	  to	  consciousness.	  

!
Perhaps	   the	   principal	   reason	   why	   emotion	   is	   so	   important	   to	   fiction	   is	   that	   it	   is	   the	  

touchstone	  of	  consciousness.	  By	  externalizing	  certain	  elements	  of	  mind	  into	  a	  book	  or	  other	  
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kind	   of	   object	   in	   the	   outside	   world	   –	   which	   is	   what	   art	   does	   –	   a	   growth	   of	   feeling	   and	  

consciousness	   is	   enabled,	   both	   in	   the	   author	   and	   in	   the	   person	   who	   engages	   with	   the	  

created	  artwork.	  As	  Susanne	  Langer	  has	  put	  it:	  

!
	   The	  emergence	  of	  .	  .	  .	  “	  feeling	  ”	  in	  the	  broadest	  sense,	  or	  consciousness	  

	   .	  .	  .	  [was]	  a	  crisis	  in	  natural	  history	  as	  great	  as	  the	  emergence	  of	  life	  

	   from	  physicochemical	  processes;	  the	  .	  .	  .	  crisis	  may	  not	  have	  been	  a	  

	   “	  crisis	  ”	  in	  the	  ordinary	  sense	  of	  a	  single,	  more	  or	  less	  cataclysmic,	  event,	  

	   but	  a	  vastly	  distributed,	  protracted	  process	  taking	  eons	  to	  develop.	  As	  it	  

	   did	  so,	  however,	  “	  life	  ”	  in	  another	  than	  physical	  sense	  originated	  with	  it	  

	   –	  “	  life	  ”	  as	  the	  realm	  of	  value.	  For	  value	  exists	  only	  where	  there	  is	  consciousness.	  

	   Where	  nothing	  ever	  is	  felt,	  nothing	  matters.	  

!
Fiction	  has	  been	  often	  thought	  of	  as	  a	  creation	  of	  the	  writer.	  Really	   it	   ’s	  a	   joint	  creation	  of	  

writer	  and	  reader	  (or	  viewer),	  the	  joint	  creation	  of	  an	  imaginary,	  but	  conscious,	  world	  that	  

has	   emotion	   (or	   feeling	   in	   Langer’s	   sense)	   at	   its	   center.	   Emotion	   in	   human	   beings	   is	   that	  

process	  in	  which	  events	  are	  related	  to	  purposes	  and	  hence	  to	  meanings.	  What	  a	  writer	  does	  

is	  to	  offer	  cues,	  or	  suggestions,	  so	  that	  the	  reader	  or	  viewer	  can	  start	  up	  and	  sustain	  scenes	  

in	   imagination,	  and	  experience	  for	  him	   -‐	  or	  her	   -‐	   self	  meaningful	  emotional	  effects	  of	   their	  

juxtapositions.	  

!
!
Memory	  and	  Retention	  

!
Memories	  of	  those	  who	  read	  the	  narrative,	  as	  compared	  with	  the	  expository	  version,	  were	  

significantly	   more	   vivid,	   and	   more	   often	   involved	   the	   reader	   as	   actor	   or	   observer	   in	   a	  

detailed	   scene,	   rather	   than	   being	   reports	   of	   events	   or	   semantic	  memories.	   Narrative,	   the	  

native	  mode	  of	  prose	  fiction,	  can	  prompt	  vivid	  images.	  

!
A	   term	   that	   has	   come	   into	   use	   in	   relation	   to	   getting	   lost	   in	   a	   book	   is	   “	   transportation.	   ”	  

According	  to	  Melanie	  Green	  and	  Tim	  Brock,	  transportation	  is	  a	  state	  of	  immersion	  in	  a	  story.	  

It	  can	  involve	  the	  experience	  that	  Csikszentmihalyi	  calls	  “	  flow	  ”	  of	  being	  totally	  

engaged	  in	  what	  one	  is	  doing.	  It	  involves	  attention,	  imagery,	  and	  emotion.	  	  Green	  and	  Brock	  

found	  that	  the	  extent	  of	  our	  transportation	   into	  a	  narrative	  world	  predicted	  the	  extent	  to	  

which	  readers	  ’	  beliefs	  became	  consistent	  with	  beliefs	  and	  evaluations	  in	  the	  story.	  	  
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!
Green	  has	  also	  found	  that	   labeling	  a	  story	  as	  fact	  or	  fiction	  had	  no	  effect	  on	  the	  extent	  of	  

transportation	  that	  occurs.	  	  

!
In	   researching	   other	   effects	   of	   narratives,	   Terre	   Satterfield	   and	   her	   colleagues	   offered	  

people	   the	   same	   information	   about	   effects	  of	   a	  planned	  hydroelectric	   system	  on	   a	   river’s	  

salmon	  population	   in	  either	   a	  narrative	  or	   a	  didactic	   format.	   They	   found	   that	  people	  who	  

received	  the	  information	  in	  a	  narrative	  format	  were	  better	  able	  to	  evaluate	  the	  issues,	  and	  

better	  able	  to	  apply	  what	  they	  had	  learned	  in	  a	  complex	  policy	  judgment.	  



WRITING CREATIVE NON-FICTION                      THEODORE A. REES CHENEY 
 
 
CREATIVE NONFICTION 
 
Creative nonfiction tells a story using facts, but uses many of the techniques of fiction for its 
compelling qualities and emotional vibrancy. Creative nonfiction doesn’t just report facts, it 
delivers facts in ways that move the reader toward a deeper understanding of a topic. Creative 
nonfiction requires the skills of the storyteller and the research ability of the conscientious 
reporter. Writers of creative nonfiction must become instant authorities on the subject of their 
articles or books. They must not only understand the facts and report them using quotes by 
authorities, they must also see beyond them to discover their underlying meaning, and they 
must dramatize that meaning in an interesting, evocative, informative way—just as a good 
teacher does.  
 
When you write nonfiction, you are, in effect, teaching the reader. Research into how we learn 
shows that we learn best when we are simultaneously entertained—when there is pleasure in 
the learning. Other research shows that our most lasting memories are those wrapped in 
emotional overtones. Creative nonfiction writers inform their readers by making the reading 
experience vivid, emotionally compelling, and enjoyable while sticking to the facts. 
 
 
 
TELLING THE “WHOLE TRUTH” 
 
Emotions inform our understanding all the time. So, to tell the whole truth about most 
situations that involve people (and most situations do), in the words of Tom Wolfe, we need to 
“excite the reader both intellectually and emotionally.” 
 
The best nonfiction writers do not tell us how we should think about something, how we 
should feel about it, nor what emotions should be aroused. They simply present the concrete 
details. The reader’s brain, to the extent it has experienced or known something about an exact 
or similar situation, will be “excited” and the old emotion reexperienced. This squares with 
what cognitive scientists believe happens in the brain when an experience is about to be stored 
in the memory. Apparently, various details about the experience are stored along with details of 
similar, associated, past experiences. When any detail is experienced in the future, the potential 
for the entire past experience (or experiences) to be recalled is there, including the emotions 
surrounding the earlier experience. Even the most conscientious and intelligent reader may 
soon forget the factual content of a piece if the material entered the brain with little emotion 
wrapped around it. Cognitive research indicates that humans remember best what enters the 
brain in an envelope of “emotion.” If it is true that facts and details are stored along with 
attendant emotions in a system of cross-files throughout the brain, we writers must recognize it 



and use it to our advantage. 
 
By “emotion,” cognitive scientists mean those feelings we might normally think of as emotions, 
but they also mean expressions that imply emotion—expressions like “terrifyingly hot,” rather 
than “200 degrees Celsius.” Unless the precise figure of 200 degrees Celsius (as distinct from 
199 degrees Celsius) is significant for the intended reader, “terrifyingly hot” will have more 
emotional meaning and thus remain longer in the mind. 
 
Too much academic writing ignores this fact, the fact that we humans have not evolved very far 
from our lower animal predecessors, and thus learn (remember) best any emotion-laden 
images. In their attempts at objectivity and precision, some of these nonfiction writers think 
they must avoid interpretive words like “terrifyingly.” After all, they reason, to whom is it 
terrifyingly hot? Not to the scientist, certainly. He or she doesn’t think of being terrified by the 
heat of the autoclave or the molten metal, but is concerned only with recording precisely the 
temperature observed. If the scientist then writes an article for people unfamiliar with the heat 
of molten metals, or a nonscientific audience, “terrifyingly hot” will make the point more 
quickly and even more memorably—the twin goals of such nonfiction writing. 
 
To help a reader fully understand an experience we’re writing about, it’s necessary to stimulate 
as many associated memories as possible. Details not only conjure up old memories, they 
enable us to understand the new idea. We’ve all experienced the difficulty of communicating a 
new idea to someone of limited experience. By contrast, it’s easy to talk with someone with 
related past experiences, regardless of their possibly indirect relevance to the one now under 
discussion. Such a person can take a little something from each of a number of experiences and 
make them relevant to the present one. This also explains the strength of the metaphor. Of a 
metaphor, the reader says, in effect, “Oh, I understand…this is the same thing I saw 
(heard/felt/smelled/experienced) back then. It’s not exactly the same, but I can understand 
better now that I’ve been reminded of what this is like.” 
 
 
 
FILLING IN THE BLANKS 
 
Dr. Loren Eiseley wrote about anthropology and other sciences so that the well-educated 
nonspecialists could understand him. Like Dr. Lewis Thomas, the medical researcher, Eiseley 
wrote clearly and persuasively about sophisticated topics. These eminent scholars were able to 
go beyond so-called sophistication and come back to what I consider true sophistication—
writing that’s clear, interesting, witty, and graceful. They usually wrote on serious topics which, 
in other hands, might put the reader to sleep. In the following excerpt from his book The Night 
Country, Eiseley writes about the elderly poor and ill who live in the railroad terminals of many 
major cities. He compares them to dying old brown wasps he’s observed in midwinter. Like 
them, these old folks prefer to die in the center of things, not somewhere in lonely isolation. 



 
Now	   and	   then	   they	   sleep,	   their	   old	   gray	   heads	   resting	  with	   painful	   awkwardness	   on	   the	  
backs	  of	   thebenches.	  Also	   they	  are	  not	  at	   rest.	  For	  an	  hour	   they	  may	  sleep	   in	   the	  gasping	  
exhaustion	  of	  the	  ill-‐nourished	  and	  aged	  who	  have	  to	  walk	  in	  the	  night.	  Then	  a	  policeman	  
comes	  by	  on	  his	  rounds	  and	  nudges	  them	  upright.	  “You	  can’t	  sleep	  here,”	  he	  growls.	  
	  
A	  strange	  ritual	  then	  begins.	  An	  old	  man	  is	  difficult	  to	  waken.	  After	  a	  muttered	  conversation	  
the	  policeman	  presses	   a	   coin	   in	   his	   hand	   and	  passes	   fiercely	   along	   the	  benches	  prodding	  
and	  gesturing	  toward	  the	  door.	  In	  his	  wake,	  like	  birds	  rising	  and	  settling	  behind	  the	  passage	  
of	  a	  farmer	  through	  a	  cornfield,	  the	  men	  totter	  up,	  move	  a	  few	  paces	  and	  subside	  once	  more	  
upon	  the	  benches.	  
	  
One	  man,	  after	  a	  slight,	  apologetic	  lurch,	  does	  not	  move	  at	  all.	  Tubercularly	  thin,	  he	  sleeps	  
on	  steadily.	  The	  policeman	  does	  not	  look	  back.	  To	  him,	  too,	  this	  has	  become	  a	  ritual.	  He	  will	  
not	  have	  to	  notice	  it	  again	  officially	  for	  another	  hour.	  Once	  in	  a	  while	  one	  of	  the	  sleepers	  will	  
not	   awake.	   Like	   the	   brown	  wasps,	   he	  will	   have	   had	   his	  wish	   to	   die	   in	   the	   great	   droning	  
center	  of	  the	  hive	  rather	  than	  in	  some	  lonely	  room….	  

 
Perhaps the most important point to take from this particular image of group life is that Eiseley 
does not lecture us about the plight of these poor, feeble old folks. He simply paints for us a 
realistic (though impressionistic) picture of the policeman making his round, and the responses 
(and nonresponses) of those who huddle on those hard benches. Because he doesn’t clutter up 
his writing with excess words, we can see the gray old heads tilted back against the hard 
benches, mouths forced open. Not that he supplied those open mouths—I did. As a reader, I 
brought to his simple, clear image something from my memories of seeing folks just like these 
in Grand Central Station. Had he put in many descriptive words, as some writers are prone to 
do, I wonder whether I’d have supplied that associated memory. 
 
When too much description is presented the reader, he or she thinks, subconsciously, that it’s 
all there—no other details are needed. Our brains enjoy filling in details—it’s a primitive form 
of problem solving. Our brains are made to solve problems, and they’ll do it when given the 
least encouragement. We can give that encouragement by providing a minimum of (carefully 
selected) information. 
 
Have you ever noticed how attractive a photograph can be of a person’s face seen through a 
rain-streaked, misty window? We like it because we get to create—we fill in the missing 
information about the face and experience joy in doing so. 
 

















































IS	  THE	  SCIENTIFIC	  PAPER	  A	  FRAUD?	  
By	  Peter	  Medawar	  

	  

	  

I	  have	  chosen	  for	  my	  title	  a	  question:	  Is	  the	  scientific	  paper	  a	  fraud?	  I	  ought	  to	  explain	  that	  a	  

scientific	  'paper'	  is	  a	  printed	  communication	  to	  a	  learned	  journal,	  and	  scientists	  make	  their	  

work	   known	   almost	   wholly	   through	   papers	   and	   not	   through	   books,	   so	   papers	   are	   very	  

important	  in	  scientific	  communication.	  As	  to	  what	  I	  mean	  by	  asking	  'is	  the	  scientific	  paper	  a	  

fraud?'	  -‐-‐	  I	  do	  not	  of	  course	  mean	  'does	  the	  scientific	  paper	  misrepresent	  facts',	  and	  I	  do	  not	  

mean	   that	   the	   interpretations	   you	   find	   in	   a	   scientific	   paper	   are	   wrong	   or	   deliberately	  

mistaken.	  I	  mean	  the	  scientific	  paper	  may	  be	  a	  fraud	  because	  it	  misrepresents	  the	  processes	  

of	  thought	  that	  accompanied	  or	  gave	  rise	  to	  the	  work	  that	  is	  described	  in	  the	  paper.	  That	  is	  

the	  question,	  and	  I	  will	  say	  right	  away	  that	  my	  answer	  to	  it	  is	  'yes'.	  The	  scientific	  paper	  in	  its	  

orthodox	  form	  does	  embody	  a	  totally	  mistaken	  conception,	  even	  a	  travesty,	  of	  the	  nature	  of	  

scientific	  thought.	  

	  

Just	   consider	   for	   a	  moment	   the	   traditional	   form	   of	   a	   scientific	   paper	   (incidentally,	   it	   is	   a	  

form	  which	  editors	  themselves	  often	  insist	  upon).	  The	  structure	  of	  a	  scientific	  paper	  in	  the	  

biological	  sciences	  is	  something	  like	  this.	  First,	  there	  is	  a	  section	  called	  the	  'introduction'	  in	  

which	  you	  merely	  describe	  the	  general	  field	  in	  which	  your	  scientific	  talents	  are	  going	  to	  be	  

exercised,	  followed	  by	  a	  section	  called	  'previous	  work'	  in	  which	  you	  concede,	  more	  or	  less	  

graciously,	  that	  others	  have	  dimly	  groped	  towards	  the	  fundamental	  truths	  that	  you	  are	  now	  

about	  to	  expound.	  Then	  a	  section	  on	  'methods'	  -‐-‐	  that	  is	  OK.	  Then	  comes	  the	  section	  called	  

'results'.	  The	  section	  called	  'results'	  consists	  of	  a	  stream	  of	  factual	  information	  in	  which	  it	  is	  

considered	  extremely	  bad	  form	  to	  discuss	  the	  significance	  of	  the	  results	  you	  are	  getting.	  You	  

have	   to	   pretend	   that	   your	  mind	   is,	   so	   to	   speak,	   a	   virgin	   receptacle,	   an	   empty	   vessel,	   for	  

information	  which	  floods	  into	  it	  from	  the	  external	  world	  for	  no	  reason	  which	  you	  yourself	  

have	   revealed.	   You	   reserve	   all	   appraisal	   of	   the	   scientific	   evidence	   until	   the	   'discussion'	  

section,	   and	   in	   the	   discussion	   you	   adopt	   the	   ludicrous	   pretence	   of	   asking	   yourself	   if	   the	  

information	  you	  have	   collected	   actually	  means	   anything;	   of	   asking	   yourself	   if	   any	   general	  

truths	  are	  going	  to	  emerge	  from	  the	  contemplation	  of	  all	  the	  evidence	  you	  brandished	  in	  the	  

section	  called	  'results'.	  

	  



Of	   course,	   what	   I	   am	   saying	   is	   rather	   an	   exaggeration,	   but	   there	   is	   more	   than	   a	   mere	  

element	   of	   truth	   in	   it.	   The	   conception	   underlying	   this	   style	   of	   scientific	   writing	   is	   that	  

scientific	   discovery	   is	   an	   inductive	   process.	  What	   induction	   implies	   in	   its	   cruder	   form	   is	  

roughly	   speaking	   this:	   scientific	   discovery,	   or	   the	   formulation	   of	   scientific	   theory,	   starts	  

with	   the	   unvarnished	   and	   unembroidered	   evidence	   of	   the	   senses.	   It	   starts	   with	   simple	  

observation	  -‐-‐	  simple,	  unbiased,	  unprejudiced,	  naíve,	  or	  innocent	  observation	  -‐-‐	  and	  out	  of	  

this	  sensory	  evidence,	  embodied	  in	  the	  form	  of	  simple	  propositions	  or	  declarations	  of	  fact,	  

generalizations	  will	  grow	  up	  and	  take	  shape,	  almost	  as	  if	  some	  process	  of	  crystallization	  or	  

condensation	  were	   taking	   place.	   Out	   of	   a	   disorderly	   array	   of	   facts,	   an	   orderly	   theory,	   an	  

orderly	  general	  statement,	  will	  somehow	  emerge.	  This	  conception	  of	  scientific	  discovery	  in	  

which	  the	  initiative	  comes	  from	  the	  unembroidered	  evidence	  of	  the	  senses	  was	  mainly	  the	  

work	  of	  a	  great	  and	  wise,	  but	  in	  this	  context,	  I	  think,	  very	  mistaken	  man	  -‐-‐	  John	  Stuart	  Mill.	  

	  

John	  Stuart	  Mill	  saw,	  as	  of	  course	  a	  great	  many	  others	  had	  seen	  before	  him,	  including	  Bacon,	  

that	  deduction	  in	  itself	  is	  quite	  powerless	  as	  a	  method	  of	  scientific	  discovery	  -‐-‐	  and	  for	  this	  

simple	   reason:	   that	   the	   process	   of	   deduction	   as	   such	   only	   uncovers,	   brings	   out	   into	   the	  

open,	  makes	   explicit,	   information	   that	   is	   already	   present	   in	   the	   axioms	   or	   premises	   from	  

which	   the	   process	   of	   deduction	   started.	   The	   process	   of	   deduction	   reveals	   nothing	   to	   us	  

except	  what	  the	  infirmity	  of	  our	  own	  minds	  has	  so	  far	  concealed	  from	  us.	  It	  was	  Mill's	  belief	  

that	   induction	  was	  the	  method	  of	  science	  -‐-‐	   'that	  great	  mental	  operation',	  he	  called	   it,	   'the	  

operation”	  

	  

“of	  discovering	  and	  proving	  general	  propositions'.	  And	  round	  this	  conception	  there	  grew	  up	  

an	   inductive	   logic,	   of	   which	   the	   business	   was	   'to	   provide	   rules	   to	   which,	   if	   inductive	  

arguments	  conform,	  those	  arguments	  are	  conclusive'.	  Now	  John	  Stuart	  Mill's	  deeper	  motive	  

in	  working	  out	  what	  he	  conceived	  to	  be	  the	  essential	  method	  of	  science	  was	  to	  apply	  that	  

method	   to	   the	   solution	   of	   sociological	   problems:	   he	   wanted	   to	   apply	   to	   sociology	   the	  

methods	  which	  the	  practice	  of	  science	  had	  shown	  to	  be	  immensely	  powerful	  and	  exact.	  

	  

It	   is	   ironical	   that	   the	  application	   to	  sociology	  of	   the	   inductive	  method,	  more	  or	   less	   in	   the	  

form	  in	  which	  Mill	  himself	  conceived	  it,	  should	  have	  been	  an	  almost	  entirely	  fruitless	  one.	  

The	  simplest	  application	  of	  the	  Millsian	  process	  of	   induction	  to	  sociology	  came	  in	  a	  rather	  

strange	  movement	   called	  Mass	  Observation.	   The	   belief	   underlying	  Mass	  Observation	  was	  



apparently	  this:	  that	  if	  one	  could	  only	  record	  and	  set	  down	  the	  actual	  raw	  facts	  about	  what	  

people	  do	  and	  what	  people	  say	  in	  pubs,	  in	  trains,	  when	  they	  make	  love	  to	  each	  other,	  when	  

they	  are	  playing	  games,	  and	  so	  on,	  then	  somehow,	  from	  this	  wealth	  of	  information,	  a	  great	  

generalization	  would	   inevitably	  emerge.	  Well,	   in	  point	  of	   fact,	  nothing	   important	  emerged	  

from	  this	  approach,	  unless	  somebody	  has	  been	  holding	  out	  on	  me.	  I	  believe	  the	  pioneers	  of	  

Mass	  Observation	  were	  ornithologists.	  Certainly	  they	  were	  man-‐watching	  -‐-‐	  were	  applying	  

to	  sociology	  the	  very	  methods	  which	  had	  done	  so	  much	  to	  bring	  ornithology	  into	  disrepute.	  

	  

The	   theory	  underlying	   the	   inductive	  method	   cannot	  be	   sustained.	  Let	  me	  give	   three	  good	  

reasons	   why	   not.	   In	   the	   first	   place,	   the	   starting	   point	   of	   induction,	   naíve	   observation,	  

innocent	  observation,	  is	  a	  mere	  philosophic	  fiction.	  There	  is	  no	  such	  thing	  as	  unprejudiced	  

observation.	  Every	  act	  of	  observation	  we	  make	  is	  biased.	  What	  we	  see	  or	  otherwise	  sense	  is	  

a	  function	  of	  what	  we	  have	  seen	  or	  sensed	  in	  the	  past.	  

	  

The	  second	  point	  is	  this.	  Scientific	  discovery	  or	  the	  formulation	  of	  the	  scientific	  idea	  on	  the	  

one	  hand,	  and	  demonstration	  or	  proof	  on	  the	  other	  hand,	  are	  two	  entirely	  different	  notions,	  

and	   Mill	   confused	   them.	   Mill	   said	   that	   induction	   was	   the	   'operation	   of	   discovering	   and	  

proving	  general	  propositions',	  as	  if	  one	  act	  of	  “mind	  would	  do	  for	  both.	  Now	  discovery	  and	  

proof	  could	  depend	  on	  the	  same	  act	  of	  mind,	  and	  in	  deduction	  they	  do.	  When	  we	  indulge	  in	  

the	  process	  of	  deduction	  -‐-‐	  as	  in	  deducing	  a	  theorem	  from	  Euclidian	  axioms	  or	  postulates	  -‐-‐	  

the	  theorem	  contains	  the	  discovery	  (or,	  more	  exactly,	  the	  uncovery	  of	  something	  which	  was	  

there	   in	  the	  axioms	  and	  postulates,	   though	   it	  was	  not	  actually	  evident)	  and	  the	  process	  of	  

deduction	  itself,	   if	   it	  has	  been	  carried	  out	  correctly,	   is	  also	  the	  proof	  that	  the	  'discovery'	   is	  

valid,	  is	  logically	  correct.	  So	  in	  the	  process	  of	  deduction,	  discovery	  and	  proof	  can	  depend	  on	  

the	  same	  process.	  But	   in	  scientific	  activity	   they	  are	  not	   the	  same	   thing	   -‐-‐	   they	  are,	   in	   fact,	  

totally	  separate	  acts	  of	  mind.	  

	  

But	  the	  most	  fundamental	  objection	  is	  this.	  It	  simply	  is	  not	  logically	  possible	  to	  arrive	  with	  

certainty	  at	  any	  generalization	  containing	  more	  information	  that	  the	  sum	  of	  the	  particular	  

statements	  upon	  which	   that	  generalization	  was	   founded,	  out	  of	  which	   it	  was	  woven.	  How	  

could	  a	  mere	  act	  of	  mind	  lead	  to	  the	  discovery	  of	  new	  information?	  It	  would	  violate	  a	  law	  as	  

fundamental	  as	  the	  law	  of	  conservation	  of	  matter:	  it	  would	  violate	  the	  law	  of	  conservation	  

of	  information.	  



	  

In	   view	   of	   all	   these	   objections,	   it	   is	   hardly	   surprising	   that	   Bertrand	   Russell	   in	   a	   famous	  

footnote	  that	  occurs	  in	  his	  Principles	  of	  Mathematics	  of	  1903	  should	  have	  said	  that,	  so	  far	  as	  

he	  could	  see,	   induction	  was	  a	  mere	  method	  of	  making	  plausible	  guesses.	  And	  our	  greatest	  

modern	  authority	  on	  the	  nature	  of	  scientific	  method,	  Professor	  Karl	  Popper,	  has	  no	  use	  for	  

induction	  at	   all:	   he	   regards	   the	   inductive	  process	  of	   thought	   as	   a	  myth.	   'There	   is	  no	  need	  

even	  to	  mention	  induction,'	  he	  says	  in	  his	  great	  treatise	  on	  The	  Logic	  of	  Scientific	  Discovery	  

-‐-‐	  though	  of	  course	  he	  does.	  

	  

Now	   let	  me	   go	   back	   to	   the	   scientific	   papers.	  What	   is	   wrong	  with	   the	   traditional	   form	   of	  

scientific	   paper	   is	   simply	   this:	   that	   all	   scientific	   work	   of	   an	   experimental	   or	   exploratory	  

character	  starts	  with	  some	  expectation	  about	  the	  outcome	  of	  the	  enquiry.	  This	  expectation	  

one	  starts	  with,	  this	  hypothesis	  one	  formulates,	  provides	  the	  initiative	  and	  incentive	  for	  the	  

enquiry	   and	   governs	   its	   actual	   form.	   It	   is	   in	   the	   light	   of	   this	   expectation	   that	   some	  

observations	   are	   held	   relevant	   and	   others	   not;	   that	   some	   methods	   are	   chosen,	   others	  

discarded;	  that	  some	  experiments	  are	  done	  rather	  than	  others.	  It	  is	  only	  in	  the	  light	  of	  this	  

prior	  expectation	  that	  the	  activities	  the	  scientist	  reports	  in	  his	  scientific	  papers	  really	  have	  

any	  meaning	  at	  all.	  

	  

Hypotheses	  arise	  by	  guesswork.	  That	  is	  to	  put	  it	  in	  its	  crudest	  form.	  I	  should	  say	  rather	  that	  

they	   arise	   by	   inspiration;	   but	   in	   any	   event	   they	   arise	   by	   processes	   that	   form	   part	   of	   the	  

subject-‐matter	   of	   psychology	   and	   certainly	   not	   of	   logic,	   for	   there	   is	   no	   logically	   rigorous	  

method	  for	  devising	  hypotheses.	  It	  is	  a	  vulgar	  error,	  often	  committed,	  to	  speak	  of	  'deducing'	  

hypotheses.	   Indeed	   one	   does	   not	   deduce	   hypotheses:	   hypotheses	   are	   what	   one	   deduces	  

things	  from.	  So	  the	  actual	  formulation	  of	  a	  hypothesis	  is	  -‐-‐	  let	  us	  say	  a	  guess;	  is	  inspirational	  

in	  character.	  But	  hypotheses	  can	  be	  tested	  rigorously	  -‐-‐	  they	  are	  tested	  by	  experiment,	  using	  

the	   word	   'experiment'	   in	   a	   rather	   general	   sense	   to	   mean	   an	   act	   performed	   to	   test	   a	  

hypothesis,	  that	  is,	  to	  test	  the	  deductive	  consequences	  of	  a	  hypothesis.	  	  

	  

“If	   one	   formulates	   a	   hypothesis,	   one	   can	   deduce	   from	   it	   certain	   consequences	  which	   are	  

predictions	  or	  declarations	  about	  what	  will,	  or	  will	  not,	  be	  the	  case.	  If	  these	  predictions	  and	  

declarations	  are	  mistaken,	  then	  the	  hypothesis	  must	  be	  discarded,	  or	  at	  least	  modified.	  If,	  on	  

the	  other	  hand,	  the	  predictions	  turn	  out	  correct,	   then	  the	  hypothesis	  has	  stood	  up	  to	  trial,	  



and	   remains	   on	   probation	   as	   before.	   This	   formulation	   illustrates	   very	   well,	   I	   think,	   the	  

distinction	   between	   on	   the	   one	   hand	   the	   discovery	   or	   formulation	   of	   a	   scientific	   idea	   or	  

generalization,	  which	  is	  to	  a	  greater	  or	  lesser	  degree	  an	  imaginative	  or	  inspirational	  act,	  and	  

on	  the	  other	  hand	  the	  proof,	  or	  rather	  the	  testing	  of	  a	  hypothesis,	  which	  is	  indeed	  a	  strictly	  

logical	  and	  rigorous	  process,	  based	  upon	  deductive	  arguments.	  

	  

“This	   alternative	   interpretation	   of	   the	   nature	   of	   the	   scientific	   process,	   of	   the	   nature	   of	  

scientific	  method,	   is	  sometimes	  called	  the	  hypothetico-‐deductive	   interpretation	  and	  this	   is	  

the	  view	  which	  Professor	  Karl	  Popper	  in	  The	  Logic	  of	  Scientific	  Discovery	  has	  persuaded	  us	  

is	  the	  correct	  one.	  To	  give	  credit	  where	  credit	  is	  surely	  due,	  it	  is	  proper	  to	  say	  that	  the	  first	  

professional	   scientist	   to	  express	  a	   fully	   reasoned	  opinion	  upon	   the	  way	  scientists	  actually	  

think	   when	   they	   come	   upon	   their	   scientific	   discoveries	   –	   namely	   William	   Whewell,	   a	  

geologist,	   and	   incidentally	   the	   Master	   of	   Trinity	   College,	   Cambridge	   -‐-‐	   was	   also	   the	   first	  

person	   to	   formulate	   this	   hypothetico-‐deductive	   interpretation	   of	   scientific	   activity.	  

Whewell,	  like	  his	  contemporary	  Mill,	  wrote	  at	  great	  length	  -‐unnecessarily	  great	  length,	  one	  

is	   nowadays	   inclined	   to	   think	   -‐and	   I	   cannot	   recapitulate	   his	   argument,	   but	   one	   or	   two	  

quotations	   will	   make	   the	   gist	   of	   his	   thought	   clear.	   He	   said:	   'An	   art	   of	   discovery	   is	   not	  

possible.	   We	   can	   give	   no	   rules	   for	   the	   pursuit	   of	   truth	   which	   should	   be	   universally	   and	  

peremptorily	  applicable.'	  And	  of	  hypotheses,	  he	  said,	  with	  great	  daring	  -‐-‐	  why	  it	  was	  daring	  

I	  will	  explain	  in	  just	  a	  second	  -‐-‐	  'a	  facility	  in	  devising	  hypotheses,	  so	  far	  from	  being	  a	  fault	  in	  

the	   intellectual	   character	  of	  a	  discoverer,	   is	  a	   faculty	   indispensable	   to	  his	   task'.	   I	   said	   this	  

was	   daring	   because	   the	   word	   'hypothesis'	   and	   the	   conception	   it	   stood	   for	   was	   still	   in	  

Whewell's	  day	  a	  rather	  discreditable	  one.	  Hypotheses	  had	  a	  flavour	  about	  them	  of	  what	  was	  

wanton	   and	   irresponsible.	   The	   great	   Newton,	   you	   remember,	   had	   frowned	   upon	  

hypotheses.	   'Hypotheses	  non	  fingo',	  he	  said,	  and	  there	  is	  another	  version	  in	  which	  he	  says	  

'hypotheses	  non	  sequor'	  -‐-‐	  I	  do	  not	  pursue	  hypotheses	  

	  

So	  to	  go	  back	  once	  again	  to	  the	  scientific	  paper:	  the	  scientific	  paper	  is	  a	  fraud	  in	  the	  sense	  

that	   it	  does	  give	  a	  totally	  misleading	  narrative	  of	  the	  processes	  of	  thought	  that	  go	  into	  the	  

making	   of	   scientific	   discoveries.	   The	   inductive	   format	   of	   the	   scientific	   paper	   should	   be	  

discarded.	  The	  discussion	  which	   in	   the	   traditional	   scientific	  paper	  goes	   last	   should	   surely	  

come	  at	   the	  beginning.	  The	  scientific	   facts	  and	  scientific	  acts	  should	   follow	  the	  discussion,	  

and	  scientists	  should	  not	  be	  ashamed	  to	  admit,	  as	  many	  of	  them	  apparently	  are	  ashamed	  to	  



admit,	  that	  hypotheses	  appear	  in	  their	  minds	  along	  uncharted	  byways	  of	  thought;	  that	  they	  

are	  imaginative	  and	  inspirational	  in	  character;	  that	  they	  are	  indeed	  adventures	  of	  the	  mind.	  

What,	   after	   all,	   is	   the	   good	   of	   scientists	   reproaching	   others	   for	   their	   neglect	   of,	   or	  

indifference	   to,	   the	   scientific	   style	   of	   thinking	   they	   set	   such	   great	   store	   by,	   if	   their	   own	  

writings	  show	  that	  they	  themselves	  have	  no	  clear	  understanding	  of	  it?	  

	  

Anyhow,	   I	   am	   practising	   what	   I	   preach.	   What	   I	   have	   said	   about	   the	   nature	   of	   scientific	  

discovery	   you	   can	   regard	   as	   being	   itself	   a	   hypothesis,	   and	   the	   hypothesis	   comes	  where	   I	  

think	   it	   should	   be,	   namely,	   it	   comes	   at	   the	   beginning	   of	   the	   series.	   Later	   speakers	   will	  

provide	  the	  facts	  which	  will	  enable	  you	  to	  test	  and	  appraise	  this	  hypothesis,	  and	  I	  think	  you	  

will	   find	   -‐-‐	   I	  hope	  you	  will	   find	   -‐-‐	   that	   the	  evidence	   they	  will	  produce	  about	   the	  nature	  of	  

scientific	  discovery	  will	  bear	  me	  out.”	  

	  



























“Literature, though, not only delights but instructs. The computer scientist Jerry Hobbs has 
tried to reverse-engineer the fictional narrative in an essay he was tempted to call “Will Robots 
Ever Have Literature?” Novels, he concluded, work like experiments. The author places a 
fictitious character in a hypothetical situation in an otherwise real world where ordinary facts 
and laws hold, and allows the reader to explore the consequences. We can imagine that there 
was a person in Dublin named Leopold Bloom with the personality, family, and occupation that 
James Joyce attributed to him, but we would object if we were suddenly to learn that the 
British sovereign at the time was not King Edward but Queen Edwina. Even in science fiction, 
we are asked to suspend belief in a few laws of physics, say to get the heroes to the next 
galaxy, but the events should otherwise unfold according to lawful causes and effects. A surreal 
story like Kafka’s Metamorphosis begins with one counterfactual premise—a man can turn into 
an insect—and plays out the consequences in a world where everything else is the same. The 
hero retains his human consciousness, and we follow him as he makes his way and people react 
to him as real people would react to a giant insect. Only in fiction that is about logic and reality, 
such as Alice’s Adventures in Wonderland, can any strange thing happen.” 

“Fiction is especially compelling when the obstacles to the protagonist’s goals are other people 
in pursuit of incompatible goals. Life is like chess, and plots are like those books of famous 
chess games that serious players study so they will be prepared if they ever find themselves in 
similar straits. The books are handy because chess is combinatorial; at any stage there are too 
many possible sequences of moves and countermoves for them all to be played out in one’s 
mind. General strategies like “Get your Queen out early” are too vague to be of much use, 
given the trillions of situations the rules permit. A good training regime is to build up a mental 
catalogue of tens of thousands of game challenges and the moves that allowed good players 
to do well in them. In artificial intelligence, it is called case-based reasoning.” 

“Life has even more moves than chess. People are always, to some “extent, in conflict, and 
their moves and countermoves multiply out to an unimaginably vast set of interactions. ... The 
intrigues of people in conflict can multiply out in so many ways that no one could possibly play 
out the consequences of all courses of action in the mind’s eye. Fictional narratives supply us 
with a mental catalogue of the fatal conundrums we might face someday and the outcomes of 
strategies we could deploy in them.” 

Excerpt From: Pinker, Steven. “How the Mind Works.” Penguin Books Ltd, 
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There is a part of the visual cortex called MT that governs motion perception, making 

the human brain uniquely responsive to movement. We find it fascinating and 

stimulating. We gleefully use GIFs to convey just the right emotion, catch ourselves 

glued to moving screensavers, and who doesn’t love movies? 

 

With a background in neuroscience, ballet and design, I find that motion is always on 

my mind. In fact, it’s on all of your minds too, albeit subconsciously. We all experience 

proprioception, an awareness of where each part of our bodies exists in space. 

Ballerinas are rigorously trained in proprioception. With it, they are able to execute 

extraordinary athletic feats with effortless poise. Designers experience something 

similar when orchestrating how a brand’s visual assets move. They have a specific 

vision for when, where, and how all the pieces move and interact in a space. 

 

Motion communicates across disciplines. If we look at motion in neuroscience, dance 

and design, it’s just information displayed on different canvases: the brain, the stage or 

the screen, respectively. Activation in the brain is visualized via the BOLD (blood 

oxygen level-dependent) signal as blood dances from one brain region to the next as 

we think about and do different things. Choreographers transport us to other worlds by 

moving dancers on and off the stage and around each other. Motion designers create 

narratives by tweaking transitions and moving graphic elements around the screen. 

 

[…]  

 

Motion is everywhere, and because we are so attuned to it, it becomes a powerful tool 

to engage and inform. With that in mind, how can we infuse motion into 

communications and create more dynamic experiences across all media […]  Here are 
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a couple principles I find helpful for crafting experiences that excite and connect with 

audiences on a very human level. 

 

1. RHYTHM 

 

We have an innate ability to discern pace. When objects don’t behave according to the 

laws of physics, it makes us uncomfortable. For example, when a large object falls 

more slowly than a small one, it feels strange to the viewer. We may not be able to 

articulate why, but motion at unnatural speeds turns us off. Don’t create anxiety for your 

audience. 

 

Rhythm in motion design speaks to what feels comfortable to the viewer in terms of 

speed. What if you suddenly started experiencing the world in time lapse? It would be 

so stressful, living life in fast forward. Don’t put your audience in that position, and 

disseminate information at a comfortable pace. 

 

The New Yorker is a publication that sets a pleasant rhythm. By establishing a hierarchy 

of visuals and information, they control pace. Headlines appear at the top of the page of 

copy and are bigger than the rest of the text so we read them first. Little cartoons 

interrupt long columns of text to provide pauses and comic relief.Remember, the 

rhythm you create — that strategic timing and placing of elements not only makes a 

more varied experience, but also a more enjoyable one. 
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2. EASE-IN + EASE-OUT 

 

Every project should have a beginning, middle, and end. Your audience will feel 

gratified after having completed the ‘journey’. Don’t leave the user hanging. 

 

Both ease-in and ease-out help motion designers create movement that obeys the laws 

of physics and generates a feeling of wholeness. An object at rest needs time to 

accelerate, reach its peak, and then decelerate. On a larger scale, the entire piece, 

including audio, should seamlessly ease in and out. Make sure you have a satisfying 

build, climax, and ending. […]  

 

3. CONTEXT 

 

A piece might have many moving elements, but it should always be very clear what the 

focus is. Let your audience know who or what is important. 

 

Context focuses the viewer. A film might have many characters, but it’s always clear 

who the protagonist is. Even though multiple interactions occur between the main and 

supporting characters, which create secondary and tertiary storylines, at the end of the 

day the focus is still on the protagonist. 

 

The most effective stories on Medium strike a balance between providing context and 

making a point. By introducing the background, the author emphasizes why the chosen 

subject matter is important, but by limiting it to context keeps the piece on track. The 

takeaway is the writer’s opinion alone. 

 

Giving context comes down to being very clear what your message is, so that it doesn’t 

get lost on your audience. 
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4. ANTICIPATION 

 

Set up some rules for your experience. They might dictate how objects move or when 

they appear, and they help your audience learn how to move through the experience. 

Let people know what’s coming. 

 

Motion designers use anticipation to cue the viewer by setting up a visual expectation 

or pattern. In title sequences, text that appears in specific areas causes the viewer to 

look there without realizing it. Text can also transition in a certain way over and over 

again so that viewers can anticipate that specific movement. Sticking to rules that you 

create prevents your audience from frantically searching for where or how the next 

piece of information will appear. 

 

I’m sure most of you have played or heard of Monument Valley. If you haven’t, you 

absolutely should, because the graphics are simply beautiful. The point of the game is 

to help Ida, the silent princess, find her way through the monuments. How do you know 

when you’ve mastered a level? Ida always takes an orb out of her hat that spins and 

grows larger to transition to the next level. When you see that orb, you feel a sense of 

accomplishment, it’s positive reinforcement to keep playing. […] 

 

 

5. CONSISTENCY 

 

You should think about the components of your projects as living within a brand or 

design system. Doing so will keep things cohesive and give the impression of a more 

thoughtful and comprehensive experience. Stick to your rules and keep the audience 

immersed. 

 

In motion design you’re creating imaginary environments. Sometimes the whole 

environment is visible and sometimes you’re just providing a glimpse. Whatever the 

case, by adhering to the rules you create, such as confining objects to the boundaries 
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of the screen or allowing them to float out of view, you avoid confusion and tell a better 

story. 

 

Sleep No More is a fantastic example of immersive environment design. Every element 

of the “play”, from costumes, actors, set and lighting, down to the papers on the desks 

and the specimens in the jars, creates a certain look and feel. The entire McKittrick 

Hotel is part of the experience. From the minute you step into the elevator to the 

moment you leave the building, how you’re treated amongst the immersive 

surroundings makes you believe that you’re in another world. 

 

Consistency requires a full commitment to a framework and makes the experience far 

more impactful. 

 

6. SURPRISE 

 

Surprise takes what is expected and subverts it. It can be as complex as turning an 

anticipated emotional response on its head, or as simple as changing size or color of 

text. The aim is to elicit a positive emotional response to delight the audience. 

 

Motion designers use surprise like a secret weapon. It can drive home the climax, or it 

can create a break between sections. Sometimes elements travelling one way will 

suddenly switch direction, or an unexpected swatch of color swipes across the screen 

to signal a change. […]  

 

Surprise can have a lasting impact. It can even draw in audiences outside your target 

demographic. […] Motion is a visual language that speaks uniquely to audiences. It can 

make them laugh or cry, and they’ll remember your campaigns for it. By employing 

motion in your communications, you can create meaningful experiences that incite a 

visceral response. […]  

	  



















THE	  PARTICLE	  ODYSSEY:	  A	  JOURNEY	  TO	  THE	  HEART	  OF	  MATTER	  

FRANK	  CLOSE,	  MICHAEL	  MARTEN	  &	  CHRISTINE	  SUTTON	  

	  

EXCERPTS	  

	  

Another	  land	  of	  flat	  earth,	  the	  Fens	  of	  East	  Anglia,	  is	  home	  to	  the	  grey	  stone	  building	  with	  gables	  

and	   bay	   windows	   that	   is	   the	   old	   Cavendish	   Laboratory	   in	   Cambridge.	   A	   rabbit	   warren	   of	  

staircases	   connects	   the	   corridors	   of	   discovery.	   Doors	   open	   onto	   small	   rooms	  where	   ingenuity	  

has	  teased	  from	  nature	  those	  secrets	  that	  are	  just	  within	  reach.	  	  

	  

Clues	  to	  the	  restless	  agitation	  within	  the	  atomic	  architecture	  are	  all	  around	  us:	  the	  radioactivity	  

of	  natural	  rocks,	  the	  static	  electricity	  that	  is	  released	  when	  glass	  is	  rubbed	  by	  fur,	  the	  magnetism	  

within	   lodestone,	   sparks	   in	   the	   air,	   lightning	   and	   countless	   other	   clues	   for	   those	   who	   are	  

prepared	  to	  pause	  and	  wonder.	  	  

	  

Today	  Fermilab	  is	  looking	  at	  matter	  as	  it	  was	  at	  the	  beginning	  of	  the	  Universe,	  including	  exotic	  

forms	  that	  no	  longer	  exist	  but	  which	  seeded	  the	  stuff	  we	  are	  made	  from.	  	  

	  

The	  night	  is	  already	  three	  months	  old	  as	  the	  aurora	  flashes	  across	  the	  sky.	  It	  is	  June	  at	  the	  South	  

Pole.	  	  

	  

The	  inner	  labyrinths	  of	  an	  atom	  are	  as	  remote	  from	  daily	  experience	  as	  are	  the	  hearts	  of	  stars,	  

but	  to	  observe	  the	  atomic	  constituents	  we	  have	  to	  reproduce	  in	  the	  laboratory	  the	  intense	  heat	  

of	  stars.	  	  

	  

If	  particles	  are	  akin	  to	  the	  letters	  of	  nature’s	  alphabet	  –	  the	  building	  blocks	  from	  which	  all	  else	  is	  

made	  –	  then	  the	  analogue	  of	  grammar	  is	  the	  set	  of	  natural	  forces	  that	  choreograph	  the	  cosmos.	  	  

	  

Much	  as	  an	  animal	   leaves	  tracks	   in	   the	  snow	  or	  a	   jet	  plane	   forms	  trails	  of	  condensation	  across	  

the	  sky,	  electrically	  charged	  particles	  leave	  trails	  as	  they	  gradually	  lose	  energy	  when	  they	  travel	  

through	  a	  material,	  be	   it	   a	  gas,	   a	   liquid	  or	  a	   solid.	  The	  art	  of	  particle	  detection	   is	   to	   sense	   this	  

deposited	  energy	  in	  some	  manner	  that	  can	  be	  recorded.	  Then,	  in	  the	  way	  that	  measurements	  of	  

the	  footprints	  of	  our	  ancestors	  can	  reveal	  something	  about	  their	  size	  and	  the	  way	  they	  walked,	  

the	  information	  recorded	  can	  reveal	  details	  of	  a	  particle’s	  nature,	  such	  as	  its	  mass	  and	  its	  electric	  

charge.	  	  
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