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Think-­‐Pair-­‐Share	
  

•  Describe	
  what	
  you	
  think	
  are	
  
the	
  most	
  important	
  ideas	
  from	
  
each	
  sec)on.	
  

•  How	
  can	
  the	
  ideas	
  about	
  
learning	
  described	
  in	
  the	
  
reading	
  be	
  useful	
  and	
  relevant	
  
to	
  you	
  as	
  a	
  learner?	
  

•  When	
  you	
  teach,	
  how	
  might	
  
you	
  use	
  what	
  you	
  know	
  about	
  
how	
  people	
  learn	
  to	
  help	
  your	
  
learners	
  make	
  sense	
  of	
  the	
  
science?	
  



Session	
  Goals	
  
•  Climate	
  science	
  ideas:	
  Understand	
  that:	
  

–  The	
  ocean	
  warms	
  cold	
  air	
  and	
  cools	
  warm	
  air.	
  The	
  ocean	
  keeps	
  temperatures	
  
more	
  even	
  all	
  over	
  the	
  planet.	
  (OSS	
  1.4)	
  

•  Using	
  Data:	
  Con)nue	
  to	
  build	
  on	
  skills	
  covered	
  in	
  previous	
  sessions	
  and	
  
explore	
  ways	
  to:	
  
–  Find	
  high	
  quality	
  and	
  reliable	
  sources	
  of	
  data	
  online.	
  
–  Ar)culate	
  what	
  the	
  different	
  variables	
  (controls,	
  independent,	
  dependent)	
  are	
  

within	
  an	
  inves)ga)on	
  or	
  data	
  visualiza)on.	
  	
  
–  Engage	
  students	
  at	
  three	
  different	
  levels	
  with	
  data	
  visualiza)ons—orienta)on,	
  

interpreta)on,	
  and	
  synthesis.	
  
•  Teaching	
  &	
  Learning:	
  Discuss	
  the	
  importance	
  of	
  using	
  local	
  ecological	
  data	
  

as	
  a	
  pedagogical	
  tool	
  to	
  improve	
  the	
  relevancy	
  of	
  concepts,	
  ecological	
  
processes,	
  and	
  global	
  change.	
  

•  Framework/	
  NGSS:	
  Experience	
  shiUs	
  in	
  teaching	
  and	
  learning	
  as	
  described	
  
in	
  the	
  Framework	
  for	
  K–12	
  Science	
  Educa)on	
  and	
  NGSS.	
  Read	
  selected	
  
Science	
  and	
  Engineering	
  Prac)ces	
  and	
  Crosscu[ng	
  Concepts.	
  



Nonsense	
  Data	
  Ac)vity	
  

	
  
	
  

What	
  is	
  it	
  like	
  for	
  learners	
  to	
  work	
  with	
  
informa)on	
  that	
  is	
  new	
  and	
  overwhelming?	
  



Nonsense	
  Data	
  Ac)vity	
  Instruc)ons	
  

•  Note	
  what	
  skills	
  you	
  are	
  using	
  in	
  order	
  to	
  
answer	
  the	
  ques)ons;	
  

•  think	
  about	
  what	
  you	
  paid	
  a]en)on	
  to;	
  
•  reflect	
  on	
  how	
  you	
  arrived	
  at	
  your	
  answers;	
  
and	
  

•  think	
  about	
  what	
  you	
  could	
  and	
  could	
  NOT	
  
answer.	
  

	
  



Ac)vity	
  Debrief	
  

1.  Were	
  you	
  able	
  to	
  answer	
  the	
  ques)ons	
  on	
  
Handout	
  A?	
  

2.  What	
  about	
  the	
  ques)ons	
  on	
  Handout	
  B?	
  
3.  Were	
  the	
  ques)ons	
  difficult	
  or	
  easy?	
  
4.  Where	
  did	
  you	
  find	
  the	
  informa)on	
  you	
  needed?	
  
5.  What	
  skills	
  did	
  you	
  use	
  to	
  answer	
  the	
  ques)ons?	
  
6.  How	
  did	
  you	
  report	
  this	
  informa)on?	
  
7.  What	
  skills	
  or	
  informa)on	
  would	
  you	
  need	
  to	
  be	
  

able	
  to	
  answer	
  your	
  unanswered	
  ques)ons?	
  
	
  



Ac)vity	
  Implica)ons	
  

•  What	
  aspects	
  of	
  this	
  ac)vity	
  did	
  you	
  find	
  
surprising?	
  

	
  
•  What	
  implica)ons	
  could	
  this	
  ac)vity	
  have	
  on	
  
how	
  you	
  teach	
  with	
  data	
  to	
  your	
  middle	
  
school	
  students?	
  

	
  



What	
  helps	
  us	
  make	
  sense	
  of	
  data?	
  



Three	
  Levels	
  of	
  Engagement	
  with	
  Data	
  
Visualiza)ons	
  

…once	
  you	
  have	
  the	
  data	
  in	
  a	
  data	
  table	
  and/or	
  
figure	
  OR	
  you	
  have	
  the	
  model	
  output…	
  

Hotaling	
  et	
  al.	
  (in	
  press)	
  



Orienta)on	
  -­‐	
  What	
  is	
  there	
  on	
  the	
  page?	
  

Example	
  

I	
  am	
  looking	
  at	
  air	
  temperature	
  (°C)	
  and	
  )me	
  
(months)...	
  

…I	
  cannot	
  tell	
  from	
  the	
  graph	
  where	
  the	
  data	
  
were	
  collected.	
  

This	
  means	
  to	
  me	
  that	
  there	
  are	
  changes	
  in	
  air	
  
temperature	
  over	
  the	
  year	
  at	
  this	
  loca)on.	
  Hotaling	
  et	
  al.	
  (in	
  press)	
  



Interpreta)on	
  -­‐	
  What	
  does	
  the	
  data	
  show?	
  

Example	
  

I	
  see	
  an	
  decrease	
  and	
  then	
  an	
  increase	
  over	
  
)me	
  pa]ern...	
  

There	
  are	
  no	
  outliers.	
  

Therefore	
  the	
  air	
  temperature	
  rises	
  and	
  falls	
  
over	
  a	
  year.	
  

Hotaling	
  et	
  al.	
  (in	
  press)	
  



Synthesis	
  -­‐	
  What	
  does	
  the	
  data	
  pa]ern	
  allow	
  
me	
  to	
  explain	
  about	
  what	
  is	
  not	
  on	
  the	
  page?	
  	
  

Example	
  

I	
  know	
  there	
  are	
  seasons	
  and	
  the	
  air	
  temperature	
  
changes	
  across	
  them.	
  That	
  is	
  like	
  these	
  data	
  changing.	
  

Yes,	
  the	
  data	
  look	
  plausible	
  and	
  I	
  believe	
  they	
  are	
  
reliable.	
  

My	
  explana)on	
  would	
  not	
  change	
  if	
  I	
  measured	
  an	
  
addi)onal	
  variable,	
  but	
  I	
  may	
  be	
  able	
  to	
  understand	
  
the	
  processes	
  be]er	
  if	
  I	
  had	
  data	
  on	
  other	
  weather	
  
variables.	
  Hotaling	
  et	
  al.	
  (in	
  press)	
  



Summary	
  

•  All	
  three	
  levels	
  of	
  engagements	
  with	
  data	
  
visualiza)ons	
  are	
  cri)cal	
  to	
  understand	
  and	
  
make	
  sense	
  of	
  data	
  

•  Important	
  to	
  engage	
  in	
  all	
  three	
  repeatedly	
  
•  Only	
  with	
  much	
  prac)ce	
  can	
  expert	
  scien)sts	
  
move	
  quickly	
  or	
  skip	
  some	
  steps.	
  



•  The	
  sun	
  heats	
  Earth	
  unevenly.	
  
•  Places	
  near	
  Earth’s	
  equator	
  are	
  generally	
  warmer	
  
than	
  the	
  poles.	
  

•  Places	
  near	
  Earth’s	
  equator	
  change	
  less	
  in	
  
temperature	
  from	
  winter	
  to	
  summer	
  than	
  places	
  
near	
  the	
  poles	
  do.	
  

•  When	
  it’s	
  summer	
  north	
  of	
  the	
  equator,	
  it’s	
  
winter	
  south	
  of	
  the	
  equator.	
  When	
  it’s	
  winter	
  in	
  
the	
  north,	
  it’s	
  summer	
  in	
  the	
  south.	
  	
  

Earth	
  is	
  Heated	
  Unevenly	
  



Quick	
  Write:	
  Reflec)on	
  

•  What	
  skills	
  did	
  you	
  need	
  as	
  a	
  learner	
  to	
  be	
  
successful	
  with	
  each	
  step	
  of	
  the	
  ac)vity	
  –	
  
answering	
  the	
  orienta)on	
  ques)ons,	
  
answering	
  the	
  interpreta)on	
  ques)ons,	
  and	
  
then	
  answering	
  the	
  synthesis	
  ques)ons?	
  

•  What	
  did	
  the	
  instructor	
  (or	
  worksheet)	
  do	
  to	
  
support	
  you	
  in	
  the	
  learning	
  experience?	
  



Considering	
  two	
  loca)ons	
  Example:	
  Mystery	
  Loca4ons	
  



Scien)fic	
  Evidence	
  
• Evidence	
  is	
  a	
  clue	
  that	
  helps	
  answer	
  a	
  
ques)on	
  or	
  explain	
  something.	
  

• Evidence	
  can	
  come	
  from…	
  
– our	
  own	
  inves)ga)ons.	
  
– other	
  people’s	
  inves)ga)ons.	
  

• Evidence	
  includes	
  reasoning	
  about	
  WHY	
  or	
  
HOW	
  the	
  data	
  help	
  to	
  answer	
  the	
  ques)on	
  or	
  
explain	
  something.	
  

• Scien)fic	
  explana)ons	
  are	
  based	
  on	
  evidence.	
  
 

 



	
  	
  	
  What’s	
  wrong	
  with	
  this	
  explana)on?	
  



	
  	
  	
  What’s	
  wrong	
  with	
  this	
  explana)on?	
  



	
  	
  	
  What’s	
  wrong	
  with	
  this	
  explana)on?	
  



	
  	
  	
  What’s	
  wrong	
  with	
  this	
  explana)on?	
  



ExplanaAon	
  #5:	
  
On	
  the	
  world	
  map,	
  Alaska	
  is	
  near	
  the	
  North	
  Pole,	
  which	
  means	
  days	
  are	
  long	
  
in	
  summer	
  and	
  short	
  in	
  winter.	
  There	
  would	
  be	
  a	
  bigger	
  difference	
  between	
  
summer	
  and	
  winter	
  temperatures	
  because	
  temperature	
  is	
  dependent	
  on	
  
the	
  number	
  of	
  hours	
  of	
  sunlight	
  received	
  in	
  an	
  area.	
  The	
  graph	
  shows	
  a	
  
huge	
  difference	
  from	
  winter	
  to	
  summer	
  at	
  the	
  first	
  loca)on.	
  This	
  means	
  that	
  
the	
  area	
  is	
  receiving	
  very	
  different	
  amounts	
  of	
  sunlight	
  at	
  different	
  parts	
  of	
  
the	
  year	
  and	
  must	
  be	
  very	
  far	
  from	
  the	
  equator.	
  Therefore,	
  I	
  think	
  Loca)on	
  
1	
  is	
  Alaska.	
  	
  



	
  What	
  makes	
  a	
  good	
  	
  
scien)fic	
  explana)on?	
  

	
  

	
  
	
  
	
  

	
  
	
  
	
  



Mystery	
  Loca)ons	
  
Three Corners Mystery Locations Activity 

 

 
 
 

 
 

Map showing the three mystery locations represented by the air temperature data in the graphs at the top of the page.  
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Three Corners Mystery Locations Activity 
 

 
 

 
 
 
 
 
 
 

 
 
 

Map showing the three mystery locations represented by the air temperature data to the left. 

Air temperature data from the three mystery locations.  

Mystery	
  Loca)ons	
  



Mystery	
  Loca)ons	
  
 

Mystery Locations 

Location A is ____________________________________________ 

What evidence did you use to solve the mystery of location A? 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

 

Location B is ____________________________________________ 

What evidence did you use to solve the mystery of location B? 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

 

Location C is ____________________________________________ 

What evidence did you use to solve the mystery of location C? 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________  

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 



•  What	
  is	
  the	
  evidence	
  that	
  the	
  data	
  set	
  matches	
  the	
  loca)on	
  of	
  Jacques	
  Cousteau	
  Reserve	
  on	
  
the	
  map?	
  

•  What	
  is	
  the	
  evidence	
  that	
  the	
  data	
  set	
  does	
  not	
  match	
  the	
  loca)on	
  of	
  Jacques	
  Cousteau	
  
Reserve	
  on	
  the	
  map?	
  	
  

•  What	
  is	
  the	
  evidence	
  that	
  this	
  data	
  set	
  does	
  not	
  belong	
  to	
  one	
  of	
  the	
  other	
  loca)ons?	
  	
  

Three Corners Mystery Locations Activity 
 

 
 
 

 
 

Map showing the three mystery locations represented by the air temperature data in the graphs at the top of the page.  
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Quick	
  Write:	
  	
  
Challenges	
  of	
  accessing	
  online	
  data	
  

•  What challenges did you encounter doing 
the homework of finding and plotting data 
through the NERRS online data portal? 

•  Think about what challenges your students 
may face doing a similar task. 



Think-­‐Pair-­‐Share	
  

•  THINK:	
  about	
  any	
  previous	
  experiences	
  you	
  
have	
  had	
  using	
  data	
  or	
  observa)ons	
  that	
  were	
  
collected	
  in	
  local	
  places	
  or	
  natural	
  ecosystems	
  
with	
  which	
  you	
  were	
  familiar.	
  	
  

•  PAIR:	
  In	
  what	
  ways	
  could	
  using	
  locally-­‐
collected	
  data	
  improve	
  the	
  ability	
  to	
  teach	
  
science	
  to	
  middle	
  school	
  students?	
  	
  

•  SHARE	
  



Summary	
  
•  Students	
  make	
  personal	
  connec)ons	
  to	
  their	
  local	
  natural	
  

environment	
  and	
  the	
  pa]erns	
  that	
  are	
  there	
  through	
  the	
  data.	
  
•  Helps	
  make	
  abstract	
  concepts	
  more	
  relevant	
  and	
  accessible	
  

because	
  they	
  are	
  happening	
  in	
  the	
  students’	
  “backyard.”	
  
•  Ecological	
  processes	
  and	
  global	
  change	
  become	
  more	
  relevant	
  

when	
  it	
  is	
  evident	
  that	
  they	
  are	
  impac)ng	
  local	
  waters	
  and/or	
  
ecosystems.	
  

•  It	
  is	
  a	
  portal	
  (i.e.	
  invita)on)	
  for	
  engaging	
  students	
  in	
  classroom	
  
ac)vi)es	
  when	
  the	
  data	
  are	
  relevant	
  to	
  ac)vi)es	
  of	
  interest	
  (e.g.	
  
sailing,	
  surfing,	
  outdoor	
  sports)	
  outside	
  of	
  school.	
  	
  

•  Allows	
  local,	
  place-­‐based	
  inves)ga)ons	
  of	
  nearby	
  ecosystems	
  
without	
  having	
  to	
  go	
  in	
  the	
  field	
  (for	
  online	
  real	
  )me	
  data).	
  

•  Addi)onal	
  ideas	
  related	
  more	
  generally	
  to	
  the	
  value	
  of	
  working	
  
with	
  authen)c	
  data	
  include:	
  
–  Allows	
  students	
  to	
  formulate	
  and	
  test	
  hypotheses	
  using	
  “real	
  data.”	
  
–  Allows	
  student	
  to	
  interact	
  with	
  data	
  the	
  way	
  that	
  scien)sts	
  do.	
  
–  Students	
  can	
  inves)gate	
  the	
  ocean	
  without	
  having	
  to	
  go	
  to	
  the	
  ocean.	
  



Homework	
  
1.	
  Read	
  &	
  use	
  acAve	
  reading	
  strategy:	
  Framework	
  for	
  K-­‐12	
  Science	
  Educa)on	
  
Chapter	
  2	
  Guiding	
  Assump)ons	
  and	
  Organiza)on	
  of	
  the	
  Framework	
  pp.23-­‐38	
  	
  
Journal:	
  What	
  does	
  it	
  mean	
  to	
  teach	
  in	
  a	
  3-­‐dimensional	
  way?	
  And,	
  how	
  might	
  
this	
  be	
  different	
  from	
  how	
  science	
  has	
  been	
  taught	
  and	
  assessed	
  tradi)onally?	
  	
  
	
  
2.	
  Read	
  and	
  record	
  ideas	
  about	
  Science	
  and	
  Engineering	
  PracAces.	
  	
  
Read:	
  Framework	
  for	
  K-­‐12	
  Science	
  Educa)on	
  Chapter	
  3.	
  Science	
  and	
  
Engineering	
  Prac)ces:	
  Developing	
  and	
  Using	
  Models,	
  and	
  Construc)ng	
  
Explana)ons	
  and	
  Designing	
  Solu)ons	
  
Chart:	
  How	
  have	
  the	
  instructor	
  and	
  the	
  learner	
  engaged	
  in	
  these	
  Science	
  and	
  
Engineering	
  Prac)ces	
  as	
  science	
  content	
  was	
  learned	
  in	
  previous	
  sessions?	
  
	
  
3.	
  Read	
  and	
  record	
  ideas	
  about	
  CrosscuOng	
  Concepts.	
  	
  
Read:	
  Framework	
  for	
  K-­‐12	
  Science	
  Educa)on	
  Chapter	
  4.	
  Crosscu[ng	
  
Concepts:	
  Energy	
  and	
  Ma]er,	
  and	
  	
  Systems	
  and	
  System	
  Models.	
  
Chart:	
  How	
  has	
  the	
  instructor	
  and	
  the	
  learner	
  used	
  these	
  Crosscu[ng	
  
Concepts	
  as	
  they	
  learned	
  science	
  content	
  in	
  previous	
  sessions?	
  



Op)onal	
  Resources	
  Slides	
  



Variety of data visualizations 



Key of Data Visualizations 

Single	
  
Variable	
  

W
ha

t	
  d
o	
  
yo
u	
  
w
an

t	
  t
o	
  
sh
ow

?	
  

Distribu2on	
  

Composi2on	
  

Comparison	
  
Over	
  
Time	
  

Among	
  
Items	
  

Two	
  
Variables	
  

Changing	
  Over	
  
Time	
  

Sta)c	
  in	
  Time	
  



Key of data visualization share out 

•  What aspects of the organization were similar or different between the two 

groups? 

•  What aspects of the reasoning varied between the two groups? 

•  What additional questions do you have about how to choose a data 

visualization for your  data? 



Single	
  Variable	
  

W
ha

t	
  d
o	
  
yo
u	
  
w
an

t	
  t
o	
  
sh
ow

?	
  

Distribu2on	
  

Composi2on	
  

Comparison	
  

Over	
  Time	
  Among	
  Items	
  

Two	
  Variables	
  

Changing	
  Over	
  Time	
  Sta)c	
  in	
  Time	
  

Answer	
  
Key	
  



Matching	
  words	
  to	
  figure	
  type	
  

Beranato,	
  2016	
  

Words	
   Common	
  Figure	
  Types	
  

Comparis
ons:	
  

before/aUer,	
  
categories,	
  
compare,	
  
contrast,	
  over	
  
)me,	
  peaks,	
  rank,	
  
trend,	
  types,	
  
valleys	
  



Words	
   Common	
  Figure	
  Types	
  

Comparis
ons:	
  

before/aUer,	
  
categories,	
  
compare,	
  
contrast,	
  over	
  
)me,	
  peaks,	
  rank,	
  
trend,	
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Variety of data visualizations 

Any thoughts or opinions about learning the different data 
visualizations that go with the different ways you want to 
show data?  

 
Any questions about choosing the appropriate data 

visualization for your data? 


