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• 2006: US National  
Academy of Sciences  
Concerned about the declining state 
of education in USA in science, 
technology, engineering, and 
mathematics (STEM).  
 

¨ 2007: Congress passed  
the America COMPETES Act,  
authorizing funding for STEM 
initiatives from kindergarten 
through graduate school.  
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¨  4th-, 8th-, and 12th-graders 
performed poorly on higher-
level problem-solving and 
critical-thinking skills, in both 
real and simulated laboratory 
settings.  

2011, less than one-third of 8th-graders 
performed at NAEP “proficient” levels  
of achievement  
in science.  
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NGSS will do little to improve 
student learning unless: 
ü  curriculum becomes more 

meaningful…and 

What activities increase student engagement, 
raise motivation, focus on relevant issues, and, 
most importantly, develop creativity?  
 
Integrating arts-related skills into STEM 
courses is an effective way to enhance student 
interest and achievement.  

STEAM 
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	  do	  the	  Arts	  
enhance	  learning	  in	  
STEM	  subjects?	  

Mirror	  neurons:	  
	  

Neurons	  that	  fire	  when	  
experiencing	  a	  task	  or	  emo@on	  

and	  	  
when	  seeing	  another	  person	  
experience	  that	  same	  task	  or	  

emo@on.	  

The	  same	  neural	  networks	  are	  
s@mulated	  in	  a	  person	  watching	  
as	  in	  a	  person	  liBing	  coffee	  cup	  
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Watching	  dancing	  s@mulates	  the	  same	  
brain	  regions	  as	  if	  the	  observer	  danced.	  

	  	  do	  the	  
Arts	  enhance	  
learning	  in	  

STEM	  subjects?	  	  

Arts	  Enhance	  Spa&al	  Skills	  

Biochemist	  looking	  at	  
her	  weaving	  cloth	  

Proteins	  Can	  Fold	  
in	  Different	  Ways	  
(amyloidosis)	  
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Arts	  Enhance	  A)en&on	  and	  
Engagement	  

Area	  for	  
aOen@on:	  
frontal	  lobe	  

	  	  
Persistence	  to	  work	  on	  projects	  
over	  a	  sustained	  period	  of	  @me	  

	  

Arts	  Enhance	  Working	  and	  	  
Long-‐term	  Memory	  Systems	  

WM	  
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19	  

Func@onal	  
and	  

Esthe@c	  

 THE ARTS, 

& CREATIVITY 
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Answer 

Fact 

Fact 

Fact 

Fact 

v Collect useful data 

v Piece material together to 
arrive at a single answer 

v Works best with well-
defined problems that 
have a definite response  

v Usually the only type of 
thinking used for most 
tests---single answer 
easy to correct and 
machine score 

¨  What is the world’s largest continent? 

¨  Who wrote Moby Dick? 

¨  Why do plants grow toward the light? 

¨  What animal is found on the “buffalo” 
nickel? 
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v Generate several ideas 
about how to solve a 
problem 

v Student may use 
convergent thinking to 
put parts back together 
to solve problem in 
unexpected way 

v Works best loosely-
defined problems that 
have multi-faceted 
solutions 

Problem 

Idea 

Idea 

Idea 

Idea 

¨  If you saw a creature from Mars, how 
would you communicate to it that you 
mean it no harm? 

¨  How might our country be different 
today if we never had slavery? 

¨  Explain whether you believe the death 
penalty deters crime. 
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•  PREPARATION 
A period when 
we focus 
intently on task 

Information from long-term memory 
floods into working memory 

•  INCUBATION 
A period of time 
away from the 
task--daydreaming 

Distant brain regions -- that usually do not 
interact -- begin to message each other 
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•  ILLUMINATION 
The “Aha” moment 
when the insight 
becomes clear 

EEGs detect rush of brain waves in right 
hemisphere up to 8 seconds  

before insight occurs 

•  VERIFICATION 
Testing to see if 
your solution will 
actually work 

If solution doesn’t work, it’s back to the 
incubation stage. 
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Learning occurs through any 
artistic medium that uses 

creativity to help students have 
a deeper understanding of both 

the art form and STEM 
concepts.  

Big Idea: Describe shapes and space 

•  Florida Benchmarks: MA.K.G.2.1-5 

¨  Cognitive Complexity: Moderate to High 

Tradi2onal	  Approach	  

Work	  as	  a	  class	  

Manipulate	  shapes	  

Discuss	  differences	  in	  shapes	  

Teacher	  evaluates	  

Arts-‐Integrated	  Approach	  
Work	  as	  a	  class,	  then	  in	  smaller	  groups	  

Create	  a	  large,	  2-‐	  dimensional	  shape	  for	  each	  group.	  	  	  

Groups	  discuss	  the	  aOributes	  of	  the	  shape,	  then	  present	  
to	  the	  other	  groups	  

Individuals	  cut	  out	  small	  2-‐D	  shapes	  and	  paste	  into	  
journals	  with	  cut	  out	  names	  to	  iden@fy	  

Groups	  construct	  (from	  prepared	  forms)	  3d	  shapes	  and	  
present	  to	  other	  groups	  

Individuals	  cut	  out	  small	  pictures	  of	  3-‐D	  shapes	  and	  paste	  
into	  journals	  with	  cut-‐out	  names	  to	  iden@fy	  

Class	  observes	  the	  classroom,	  iden@fying	  all	  2-‐	  and	  3-‐D	  
shapes	  present,	  using	  corresponding	  vocabulary	  

Discuss	  and	  analyze	  observa@ons	  

Class	  discusses	  what	  they	  have	  learned	  about	  shapes	  and	  
space.	  
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Big Idea: Energy Transfer and Transformation 
 
•  Florida Benchmarks: SC.7.P.11.1-4 

•  Cognitive Complexity: Moderate - High 

Tradi@onal	  Approach-‐STEM	  

Lecture	  and	  textbook	  format	  

Do	  on-‐line	  research	  about	  
energy	  transfer	  

Classroom	  discussion,	  video	  
presenta@on	  

Write	  and	  submit	  a	  report	  

Take	  wriOen	  test	  

Arts-‐Integrated	  Approach-‐STEAM	  

Introduce	  concept	  by	  viewing	  a	  clip	  of	  2005	  
Spielberg	  film	  "War	  of	  the	  Worlds"	  and	  
discussing	  the	  transfer	  of	  energy	  via	  

lightening	  to	  the	  ground	  to	  give	  life	  to	  alien	  
pods.	  	  

As	  a	  class,	  students	  are	  introduced	  to	  the	  
process	  of	  crea@ng	  comic	  book	  art,	  

specifically	  the	  storyboard.	  

In	  a	  lecture	  &	  video	  format,	  students	  
understand	  that	  energy	  cannot	  be	  created	  
nor	  destroyed,	  only	  changed	  from	  one	  form	  

to	  another.	  

In	  groups,	  students	  experiment	  with	  science	  
kits	  to	  learn	  how	  heat	  being	  added	  to	  or	  
taken	  from	  an	  object	  can	  change	  its	  

temperature	  	  and	  possibly	  change	  its	  state,	  
and	  document	  results.	  	  	  

In	  groups,	  students	  create	  a	  short	  story	  line	  
which	  involves	  the	  transfer	  of	  energy,	  in	  no	  
more	  than	  12	  panels,	  6	  per	  folded	  8	  1/2	  X	  11	  

page.	  	  

In	  groups,	  the	  students	  con@nue	  to	  
collaborate,	  wri@ng	  and	  drawing	  the	  

cartoons,	  understanding	  that	  the	  cartoon	  
must	  explain	  the	  theory	  of	  energy	  transfer	  

through	  the	  story	  and	  artwork.	  

Groups	  present	  their	  work	  to	  each	  other,	  
followed	  by	  a	  wriOen	  test.	  
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Question: 
 
How would 
you explain 
these 
differences? 

The arts develop  
•  Creativity 
•  Problem solving 
•  Critical thinking 
•  Communications 
•  Self-direction 
•  Initiative, and 
•  Collaboration 
…skills those in the STEM subjects 
will need to succeed. 

Thank you from David Sousa and Tom Pilecki 
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