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What Is the Creative Process and
How Can We Harness It for Education?
What Can Arts Teach STEM?




Creativity Riddle

 What do you get when you cross
an abbey with a perfume factory?




e Nun scents or

nunsense...

just




“Bisociation”: The Nature of Creativity

Arthur Koestler proposed that all :-iRileUB
creativity shares commonalities with KOLESTLER
jokes and riddles

Creativity is often defined as “effective
surprise”

But surprise requires putting together
unlike things in unlikely ways to achieve
unexpected but fruitful results
Creativity therefore often involves play gttt
& playing

Creativity always involves risk

Creativity always causes rethinking and &
revaluation




| set out to show that there exists single creative
activity, which is displayed alike in the arts and in
the sciences. It is wrong to think of science as a
mechanical record of facts, and it is wrong to
think of the arts as remote and private fancies.
What makes each human, what makes them
universal, is the stamp of the creative mind.

(Jacob Bronowski)

izquotes.com

“The scientist or the artist takes two facts or experiences
which were separate; he finds in them a likeness which
had not been seen before: and he creates a unity...”

- Jacob Bronowski, mathematician, playwright, poet and
author of “The Ascent of Man”



Indeed, One of the Foundations of

”l

Theater Is “Bisociation”!

Montagug ‘ Capulget




Riddle

 SO: What do you get when you cross
theatre arts with the sciences?




ScienceTechnologyEngineeringArtsMath

Not just hot air, but harnessed to do work!



TechnologyEngineeringArtsMathScience

- - -' -




SciencesEngineeringArtsDesign




==,

Network for Sciences, Engineering, Arts and Design

A National Science Foundation-
Funded Project for Bridging and
Networking Arts and Sciences

http://sead.viz.tamu.edu



Why Integrate
Theater Arts wit
STEM Education?

1) Large-scale statistical studies
demonstrate correlations between
ACD and STEMM success

2) Case studies provide insights into
what STEMM professionals get from
ACD

3) 13 empirically-derived types of
connections or “bridges”

4) Cognitive identities

5) Many of these bridges have been
harnessed successfully by ACD-
STEMM integrated pedagogies

6) Inverse case: ACD practitioners
contribute to STEMM



Adult Avocations Correlate with
Scientific Success
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e 2X photographers
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e 17X artists

e 15X craftsmen

e 25X writers
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Summary of Study Outcomes

 Musical scientists duet (and do it) better

* Crafty scientists are more handy

e Literary scientists have the making of
pundits

 And performing scientists perform
better



How to Integrate Arts with STEM

Root-Bernstein RS, Pathak A, Root-Bernstein MM. A Review of Studies
Demonstrating the Effectiveness of Integrating Arts, Music, Performing,
Crafts and Design into Science, Technology, Engineering, Mathematics
and Medical Education.

Part 1: Summary of Evidence that Integration Is Professionally Useful and
Effective. LEONARDO (in press)

Part 2: Statistically-Validated and Controlled Pedagogical Studies of the
Root-Bernsteins’ “Tools for Thinking”. LEONARDO (in press)

Part 3: Statistically-Validated and Controlled Pedagogical Studies of
Eleven ACD-Integration Strategies Utilized by STEMM Professionals and
General Conclusions. LEONARDO (in press)

All 3 parts available in draft at http://sead.viz.tamu.edu



KEY SEAD STUDY LESSON:
Must BRIDGE Transdisciplinary
Learning!
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Kenneth Snelson Cox Architecture

“Rainbow Arch” Kurilpa Bridge, Brisbane



Every Good Play “Bridges” Its
Characters! You Have to Connect!

Montagug ‘ Capulget




Main Bridge: The 13 Thinking Tools

BODY THINKING

N Yy

RECOGNIZING pATTERNS/@ORMlNG PATTERNS

ABSTRACTING EMPATH IZING

oasenvme \ MODELING
ANALOGIZING ){\RANSFORMING

SYNTHESIZING SYNAESTHESIA AND SYNOSIA

DIMENSIONAL THINKING
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OBSERVING

...means honing ALL the senses
to perceive acutely &
accurately...



Observing applies to ALL senses:




You spend your life training to be an
actor, observing people's
characteristics so that you can
design characters around what
you've seen.

— Clint Lastvosd —

AZ QUOTES

¢ 7 The best preparation for acting is life - observing life
v ¥ and people and observing yourself. All that becomes
&% your library. So when you have to research a part, a
sz scene or an emotion, you go into the library and get

what you need.

(Kate Capshaw)

izquotes.com




Beyond Observing to Perception:
Would You Like Your Audience To REALLY
Perceive a Ghost?

* Then you need to understand perception!



Jasper Johns on OBSERVING
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“I wanted to paint a flag so that you don’t just
look at it, but you SEE it....”







Afterimage Is In
Complementary Collors!




Using Color Perception to Play Games
with Your Audience!

e |f only blue light is shone onto a red
shirt, the shirt would appear black,
because the blue would be absorbed
and there would be no red light to be
reflected.

 Under blue light, the blue pants would
look white, because they reflect all
the light. Similarly, the red shirt would
appear white under red light.

e https://www.sciencelearn.org.nz/reso
urces/47-colours-of-light



IMAGING

.... Creating
mental images
of things
observed or
imagined,
using any or
all of the
Senses...

“eay, now ::J_-n-" your eyes ond If ¥OU COM see

anything . . . you're THINKING!



Actors Use their Imaginations

As an actor, you must use your imagination to make
what happens onstage look real.

Your imagination is essential in acting.

The process of , or imagining and seeing
pictures in the mind, is important if your theatre
experience is to have the greatest possible impact on
an audience.

To be an actor or actress, you
have to feel on a deep level and
tap into emotions that you've

never telt before. You’'re

imagining how something would

feel. You have to use your

imagination so much.

Elle Fanning

PICTUREQUOTES . com-




Involves Imaging

Blocking Out a Scene
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Scientists Use
“Thought
Experiments”
that They

Imagine in
Their Minds!




Visual Thinking Training Improves
Science and Engineering Ability

. R. Lord, J. Res. Sci. Teach. 22, 395
(1985).

J. A. Deno, Eng. Design Graphics J.,
5 (autumn, 1995).

S. A. Sorby, B. G. Baartmans, Eng.
Design Graphics J. 60, 13 (1996).

M. Alias, T. R. Black, D. E. Grey, Inter.
Ed. J. 3, 1(2002).

S. Sorby, Cogn. Proc. 10 (suppl. 2),
S312,

10.1007/510339-009-0310-y
(2009).




Abstracting: Process of Eliminating

All but the Essence of a Thing




Actors Strip Bare!

Acting is not about
dressing up. Acting is
about stripping bare. The THE ART OF ACTING
whole essence of learning lines IS NOT TO ACT.
is to forget them so you can make  gNCE YOU SHOW
them sound like you thought of THEM MORE,

them that instant. WHAT YOU SHOW
Glenda Jackson THEM, IH FACT IS
T BAD ACTING.

Anthony Hopkins
Www.quote-coyote.co




Changing Character By Changing Hats
Is a Form of Abstracting




Simple Can Be Effective!

Stage Design Ideas

Corrugated Boxes

-~



Mitchell Feigenbaum: Inventor of
Mathematics of Chaos Theory

“It’s abundantly obvious that one
doesn’t know the world around
us in detail. What artists have
accomplished is realizing that
there’s only a small amount of
stuff that’s important and then
seeing what it was. So they can
do some of my research for me.”

Gleick, James. 1984. “Solving the
mathematical riddle of chaos”,
NY Times Magazine, 10 June

1984, p. 71




Niko Tinbergen As Abstractor
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Abstracting

As

bo
=

Experiment




EMPATHIZING/ ﬁ
PLAYACTING

...becoming
the thing that
you want to
understand or
recreate,

be it animate
or
Inanimate...

ACTING:

{ 3

E.g.,
Stanislavsky ( J




Empathizing as Connecting




Stony Brook University’s Alan Alda
Center for Communicating Science

http://now.dartmouth.edu/2014/01/dartmouth-works-alda-center-communicating-science



Scientists Empathize to Gain
Understandlng of Other Spemes

Jane Goodall e Diane Fosse



Oxford zoologist | .
Desmond Morris '
“The Entomologist”

Becoming a bug to
understand it



Nobel Laureate Barbara McClintock
spoke of “A Feeling for the Organism”
& “Becoming their Friend”




Jonas Salk, MD “Became a Virus”

to Understand Polio

"I pictured myself
as a virus or a

~ cancer cell and
e rg& tried to sense what
,\ it would be like."

ky 7 N

P, A Jonas Salk




BODY
THINKING

BALLARD STREET By Jerry Van Amerongen

...using muscle memory,
physical feelings, gut
reactions and emotional

states to recognize,
organize, and address

problems:

“Vivian just read how
different ways of moving
can produce different

Vivian just read how diffarent ways of
see moving can produce difierant ways
of thinking.

”
!

ways of thinking




Turn It Upside-down

WEINZ

TOsARD
K1 TCHUF

wEINZ

IOATO
KEETCHO?

BALLARD STREET By Jerry Van Amerongen

bt e 3 LIV E RN PR

ST L AT AR L e D My

Vivian just read how difforent ways of
moving can produce different ways
af thinking.



Choreographing the Body in Space Is
iterally Applied Physics

Theatre Le
T ‘An inkdepth exploration of

| physical acting /

Event Subhead

19 - 30 June
2 - bpm

Tvak Studios

tvakstudios.blogspot.in/




Archimedes’s
Discovery of
Density Was a Case
of Embodied
Thinking




Friedrich Gauss
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Transformational Thinking

VRN I!!ﬂ j = B
W 1-' T L ! 'y

e Using several or all of the “tools” in
an integrated manner to raise and
solve problems


http://www.cs.stir.ac.uk/
http://www.cs.stir.ac.uk/

Transforming Script and Score from
Notations to Performances

Ny Fair iady Serimt [ A& MY FAIR LADY

Lyrics by Music by
ALAN AT LERHER No. 1. Overture FREDERIGK LUEWE
Presto

erpriveinis
S e
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Physicist Jacob Shaham on Transforming

“Acting taught me how to read equations like
a script with characters | had to bring to life...”

Maxwell's Equations
{(Integral Form)




Scientists Often Write “Scripts”

INVENTING
IMAGINARY WORLDS

MICHELE ROOT-BERNSTEIN

 “As a scientist | imagine possible

worlds that are closely based on
my understanding of aspects of
the real world. In other words, |
try to imagine a ‘story’, with a
very strong plot and characters,
that completely meshes with
the real world yet reveals that
world in a new way...neurons
and synapses are as vivid to me
as knights and pawns to the
chess player: as vivid as food on
the table, or flowers in the
garden, to the average person.”



Liz Lerman Asks, John Cairns Answers:




Zafra Lerman Has Her Chemistry Students
Script, Choreograph and Dance
| YV 1 . e What happens

Mix o when the couple
=+~ S Fun! <
L’\;\N— Na-OH meets
another couple,

H-Cl at a dance?!

 The action really
heats up as each
partner finds a
partner more to
their taste!




Every Experiment Is A Logical Story
Embodied as Processes through Space
and Time by People Acting on Things
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Synosia, or Synthetic Thinking

Synosia = Synaesthesia + Gnosis

Synaesthesia = feeling with all your senses
simultaneously

Gnosis = formal knowledge

So, synosia = knowing and feeling simultaneously
Objective and subjective

Intuitive and analytical

Embodied and cerebral



Synosia in Action: Conveying Information
through Sensation and Perception




To think is to feel
To feel is to think

When the two are
one

Understanding is
achieved




Why You?!



So Let’s Celebrate the Fact that a
Theater Productlon Has It AIII

PROPRIOCEPTIVE THINKING

RECOGNIZING PATTERNQ}ORMING PATTERNS
EMPATHIZING

ABSTRACTING
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SYNTHESIZING: SYNAESTHESIA AND SYNOSIA
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DIMENSIONAL THINKING
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So provide your students thehenergy of STEAM “play”
Plant SEADS that will grow for a lifetime! Build TEAMS!
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