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J. H. van’t Hoff, the 15t Nobel Laureate In
Chemistry: Flautist, Poet, Artist
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POLYMATHY AS THE BASIS OF
IMAGINATION IN SCIENCE

‘Imagination plays a role both in the ability to
do scientific research as well as in the urge to
exploit this capability.... | have been
prompted to investigate whether or not this
[imaginative] ablility also manifests itself in
famous scientists in ways other than their
researches. A study of more than two
hundred biographies showed that this was
iIndeed the case, and in large measure.”

. H. van’t Hoff, “Imagination in Science,” 1878
trans by G. F. Springer, Molecular Biology,
Biochemistry and Biophysics 1: 1-18,1967.



Polymathy Predicts Career
Success

R. K. White. The versatility of genius, Journal of
Social Psychology, 2: 482, 1931.

Brook Hindle, Emulation and Invention, 1981.

Milgram RM, et al., Journal of Secondary Gifted
Education, 8: 11-120, 1997. Paul Cranefield, The
philosophical and cultural interests of the biophysics
movement of 1847, Journal of the History of
Medicine 21: 1-7, 1966.

R. S. & M. M. Root-Bernstein, Artistic scientists and
scientific artists: the link between polymathy and
creativity. In: R. J. Sternberg, E. L. Grigorenko, J. L.
Singer, eds. Creativity: From Potential to
Realization, American Psychological Association,
2004, pp. 127-151.
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Arts Foster Scientific Success:
Avocations of Nobel, National
Academy, Royal Society,
and Sigma Xi Members

 Root-Bernstein,

et al., Journal of
Psychology of

Science and
Technology, Vol
1, no. 2, pp. 51-
63 (2008)




The More Successful a Scientist,
the More Likely He or She Is to
Have One or More Adult Arts and
Crafts Avocations
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Adult Avocations Correlate
with Scientific Success

B SIGMA XI MAX n = 4406 B SIGMA XI MIN n = 42,525 Compared Wlth typlcal
B USPUBLICn = 4250 ROYALSOC n = 1634

NAS, USAn = 1266 NOBELS, TOT n=510 SCIentISt, NObeI
laureates are at
least:

» 2X photographers
« 4X musicians

o 17X artists

e 15X craftsmen

41 ) 25X writers
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Root-Bernstein, et al.,
2008
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Continuous Arts Participation
Correlates w/ Patents &

Michigan Engineers B MEDC Awardees




In Sum, Best Scientists & Inventors
Have More Skills Associated With
Making And Communicating

* Musical scientists duet (and do It) better

» Crafty scientists are more handy

* Literary scientists have the making of
pundits

* And performing scientists perform better
 Moreover, successful scientists know this!




Visual Thinking Training Improves
Science and Engineering ADbility

T. 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/s10339-009-0310-y
(2009).




Physicist, Historian and

Novelist MITCHELL WILSON

"The particular kinds of sensibilities required
by a scientist are [even] more complicated,”
and include an “intense awareness of words
and their meanings.... [He must be] capable
of inventing new words to express new
physical concepts. He must be able to reason
verbally by analogy.... The scientist must also

t
t

nink graphically, in terms of dynamic models,
nree-dimensional arrangements in space...

C

Formulas and equations printed on a two-

Imensional page have three-dimensional

meaning, and the scientist must be able to
read three dimensions to 'see the picture' at
once."

Mitchell Wilson, A Passion to Know, 1972, pp.
11-12)




Need to Train Scientists and
Engineers In ALL Thinking
Tools!

PROPRIOCEPTIVE THINKING
RECOGNIZING PATTERNS}ORMING PATTERNS
EMPATHIZING

ABSTRACTING

IMAGING SO , PLAYING

OBSERVING/\{J L ) MODELING

SYNTHESIZING: SYNAESTHESIA AND SYNOSIA

DIMENSIONAL THINKING



The “Tools for Thinking” Taught By
Scientists Are INSUFFICIENT!
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« Alexis Carrel, the
1912 Nobel T I ME T I ME

Laureate In
Medicine or
Physiology, "learned
[as a child] the
Intricate stitching
required for his [later
surgical
experiments] from
the renowned lace
makers of Lyon, one
of whom was his
mother."

Michael Bishop, How
to Win a Nobel
Prlze, 2003, p 140) . Técnica de :ar'|:_=4:z:tnzur'r'u:u;:z: :H':a:z:n:ular, segun Carrel




Alexander Fleming played at
painting...
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Fleming Left His Petri Dishes Open
to Collect Microbes for His Palette

'. A4l 0




Result Was PENICILLIN, Which
Depended on Practices Forbidden by
Bacteriology




Kenneth Snelson: Tensegrity

: What would
happen Iif | combined a
Buckminster Fuller
Geodesic dome
structure with an
Alexander Calder
mobile?

= structural
Integrity resulting from
tension of flexible
elements acting upon
Inflexible ones
producing compression




Skwish™. Kid’'s Play with
Tenseqgrity




Tensegrity Engineering: The Kurilpa
Bridge Iin Brisbane, Australia




Don Ingber (Harvard) &
Steve Heildemann (Michigan State)




TENSEGRITY MODEL OF CELL
ARCHITECTURE




Acting Brings Words — And

Equations! — to Life:
PHYSICIST JACOB SHAHAM

“Acting taught me how to
(o (2 read equations like a
& script with characters |
had to bring to life...”




George Anthell & Hedy Lamarr Invented
Frequency Hopping
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Hedy Lammarr and George Antheil. Photo of Hedy Lammary courtesy of the ] Firantins
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Sommer Gentry: Teaching Robots
To Dance At MIT




James Dewar: Ultra-Low
Temperature Physicist
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Singer Manuel Garcia Invented
the Laryngoscope




Louis de Broglie: Harmonics of
Electrons
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In Sum, Arts Provide STEM:

Tools for Creative Thinking
Practice with the Creative Process
Transferable Skills
Effective Techniques and Methods
Useful Knowledge

Fruitful Analogies

And much, much more!




