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What	
  do	
  we	
  mean	
  by	
  	
  
‘Teaching	
  with	
  Data?’	
  

Data	
  =	
  Output	
  of	
  
scien*fic	
  research	
  

Diagrams	
  

Data	
  Collec*on	
   Problem	
  Sets	
  

Models	
   Visualiza*ons	
   Service	
  Learning	
  

Undergraduate	
  Research	
  	
  Labs	
  



Why	
  Teach	
  with	
  Data?	
  
Faculty	
  Say	
  
•  To	
  prepare	
  students	
  to	
  address	
  

real	
  world	
  complex	
  problems	
  
•  To	
  develop	
  students’	
  ability	
  to	
  

use	
  scien*fic	
  methods	
  
•  To	
  prepare	
  students	
  to	
  cri*cally	
  

evaluate	
  the	
  validity	
  of	
  data	
  or	
  
evidence	
  and	
  of	
  their	
  consequent	
  
interpreta*ons	
  or	
  conclusions	
  

•  To	
  teach	
  quan*ta*ve	
  skills,	
  
technical	
  methods,	
  and	
  scien*fic	
  
concepts	
  

•  To	
  improve	
  verbal,	
  wriVen,	
  and	
  
graphical	
  communica*on	
  skills	
  

•  To	
  train	
  students	
  in	
  the	
  values	
  
and	
  ethics	
  of	
  working	
  with	
  data	
  



Why	
  Teach	
  with	
  Data?	
  
Researchers	
  say	
  
•  Rich	
  cases	
  *e	
  to	
  prior	
  

knowledge	
  
•  Gaining	
  sensi*vity	
  in	
  

prepara*on	
  for	
  future	
  
learning	
  	
  

•  Authen*c	
  experience	
  
of	
  science	
  

•  Adap*ve	
  scien*fic	
  
problem	
  solving	
  

•  Confidence	
  



Why	
  is	
  Teaching	
  with	
  Data	
  Hard?	
  
•  Matching	
  level	
  of	
  student	
  
exper*se	
  to	
  the	
  data-­‐rich	
  
problem	
  

•  Finding/developing	
  data	
  
analysis	
  tools	
  that	
  can	
  be	
  
mastered	
  

•  Preparing	
  data	
  and	
  
designing	
  the	
  ac*vity	
  

•  Assessment/grading	
  	
  
•  Course	
  content	
  vs.	
  data	
  
explora*on	
  *me	
  tradeoff	
  



Best	
  Prac*ces	
  for	
  Teaching	
  with	
  Data	
  

Your	
  data-­‐
rich	
  

assignment	
  

What	
  kind(s)	
  
of	
  data	
  will	
  

students	
  use?	
  

What	
  
research	
  

strategies	
  will	
  
students	
  use?	
  

How	
  much	
  
support	
  will	
  
you	
  provide?	
  

Nathan	
  Grawe,	
  Teaching	
  with	
  Data	
  
(hVp://serc.carleton.edu/sp/library/
twd/index.html);	
  
Anthony	
  Carpi	
  and	
  Anne	
  E.	
  Egger,	
  
“The	
  Process	
  of	
  Science”	
  
Visionlearning	
  Vol.	
  POS-­‐2	
  (8),	
  2009.	
  



Designing	
  your	
  Data-­‐Rich	
  Assignment:	
  
Why	
  Ac*ve	
  Learning?	
  

Freeman,	
  ScoV,	
  Eddy,	
  Sarah	
  L.,	
  McDonough,	
  Miles,	
  Smith,	
  Michelle	
  K.,	
  Okoroafor,	
  Nnadozie,	
  
Jordt,	
  Hannah,	
  and	
  Wenderoth,	
  Mary	
  Pat	
  (2014).	
  Ac*ve	
  learning	
  increases	
  student	
  
performance	
  in	
  science,	
  engineering,	
  and	
  mathema*cs.	
  Proceedings	
  of	
  the	
  Na*onal	
  Academy	
  
of	
  Sciences.	
  (Meta-­‐analysis	
  of	
  225	
  studies	
  of	
  STEM	
  learning.)	
  



What	
  Kind(s)	
  of	
  Data	
  will	
  Students	
  Use?	
  

•  Processed	
  data	
  
–  Ex:	
  Datasets	
  uploaded	
  to	
  the	
  Neotoma	
  database	
  with	
  calibrated	
  

14C	
  ages	
  
•  Published	
  research	
  data	
  

–  Ex:	
  You	
  might	
  give	
  students	
  some	
  of	
  your	
  own	
  published	
  data	
  to	
  
work	
  with	
  (probably	
  processed,	
  to	
  some	
  extent)	
  

•  Simulated	
  data	
  
–  Ex:	
  Ages	
  based	
  on	
  an	
  age-­‐depth	
  model	
  could	
  be	
  considered	
  
simulated	
  data	
  

•  Student-­‐generated	
  data	
  
–  Ex:	
  If	
  you	
  take	
  students	
  with	
  you	
  to	
  collect	
  data	
  at	
  your	
  field	
  site	
  
and	
  upload	
  it	
  to	
  the	
  Neotoma	
  database,	
  it	
  would	
  be	
  student-­‐
generated	
  data	
  

•  Data	
  provided	
  by	
  civic	
  partners	
  



What	
  Research	
  Strategies	
  Will	
  
Students	
  Use?	
  

•  Experimenta*on	
  
–  Ex:	
  explore	
  the	
  effect	
  of	
  changing	
  one	
  variable	
  
–  It’s	
  hard	
  for	
  me	
  to	
  think	
  of	
  how	
  to	
  do	
  this	
  in	
  teaching	
  with	
  
historical	
  data	
  (such	
  as	
  that	
  in	
  the	
  Neotoma	
  database)	
  

•  Descrip*on	
  
–  Ex:	
  Describe	
  the	
  distribu*on	
  of	
  spruce	
  forests	
  in	
  North	
  America	
  
10,000	
  years	
  ago	
  

•  Comparison	
  
–  Ex:	
  Compare	
  the	
  distribu*on	
  of	
  spruce	
  forests	
  in	
  North	
  America	
  
10,000	
  years	
  ago	
  to	
  now	
  

•  Modeling	
  
–  Ex:	
  compare	
  the	
  temperature	
  distribu*ons	
  predicted	
  by	
  a	
  
climate	
  model	
  for	
  a	
  par*cular	
  *me	
  period	
  to	
  the	
  distribu*on	
  of	
  
temperature-­‐sensi*ve	
  species	
  for	
  that	
  same	
  *me	
  



How	
  Much	
  Support	
  Will	
  You	
  
Provide?	
  

The	
  amount	
  of	
  scaffolding	
  students	
  will	
  need	
  can	
  depend	
  on:	
  
•  Students’	
  prior	
  experience	
  working	
  with	
  data	
  
•  The	
  complexity	
  of	
  the	
  data	
  and/or	
  interface	
  
•  Time	
  available	
  for	
  the	
  ac*vity	
  
•  Learning	
  goals	
  for	
  the	
  ac*vity	
  (what	
  do	
  you	
  want	
  students	
  to	
  
be	
  able	
  to	
  do	
  aker	
  they	
  complete	
  the	
  ac*vity?)	
  



Designing	
  your	
  Data-­‐Rich	
  Assignment:	
  
Best	
  Prac*ces	
  for	
  Maximizing	
  Learning	
  
•  Begin	
  by	
  ar*cula*ng	
  learning	
  outcomes	
  

–  If	
  you	
  don’t	
  know	
  what	
  you	
  want	
  them	
  to	
  learn,	
  they	
  
won’t	
  learn	
  it	
  

•  Structure	
  the	
  assignment	
  to	
  meet	
  those	
  goals	
  
–  Give	
  students	
  the	
  opportunity	
  to	
  prac*ce	
  whatever	
  you	
  
want	
  them	
  to	
  be	
  able	
  to	
  do!	
  

•  When	
  is	
  team	
  work	
  beneficial?	
  
– When	
  it	
  replicates	
  scien*fic	
  inquiry	
  
– When	
  you	
  expect	
  some	
  students	
  to	
  struggle	
  with	
  some	
  of	
  
the	
  required	
  skills	
  

– When	
  you	
  want	
  students	
  to	
  be	
  exposed	
  to	
  mul*ple	
  data	
  
sets,	
  but	
  to	
  explore	
  just	
  one	
  in	
  depth	
  (consider	
  using	
  the	
  
jigsaw	
  technique)	
  



Designing	
  a	
  Data-­‐Rich	
  Assignment:	
  
the	
  Jigsaw	
  Method	
  

Read	
  all	
  about	
  it:	
  hVp://serc.carleton.edu/sp/library/jigsaws/index.html	
  

Part	
  I:	
  

Part	
  II:	
  



Designing	
  your	
  Data-­‐Rich	
  Assignment:	
  
Best	
  Prac*ces	
  for	
  Maximizing	
  Learning	
  
•  Scaffold	
  your	
  assignment	
  

–  Break	
  it	
  into	
  sub-­‐tasks	
  
–  Require	
  that	
  students	
  check	
  in	
  at	
  the	
  end	
  of	
  each	
  part	
  

•  Provide	
  instruc*on	
  on	
  methods/tools	
  
–  How	
  to	
  access	
  the	
  Neotoma	
  database	
  
–  How	
  to	
  “get”	
  the	
  data	
  (if	
  that’s	
  part	
  of	
  the	
  assignment)	
  
–  How	
  to	
  use	
  Excel?	
  	
  
–  How	
  to	
  use	
  R?	
  	
  



Designing	
  your	
  Data-­‐Rich	
  Assignment:	
  
Best	
  Prac*ces	
  for	
  Maximizing	
  Learning	
  
•  Provide	
  instruc*on	
  on	
  analysis	
  and	
  presenta*on	
  

–  Be	
  specific	
  about	
  how	
  you	
  expect	
  them	
  to	
  analyze	
  the	
  data	
  	
  
–  Be	
  specific	
  about	
  how	
  you	
  expect	
  them	
  to	
  report	
  their	
  
findings	
  
•  You	
  may	
  have	
  to	
  show	
  them	
  “basic”	
  things	
  like	
  how	
  to	
  format	
  
graphs	
  and	
  diagrams	
  

•  Model	
  the	
  behaviors	
  you	
  want	
  students	
  to	
  adopt	
  
–  And	
  be	
  explicit,	
  as	
  you	
  do	
  (“Here’s	
  an	
  example	
  of	
  what	
  I	
  
expect	
  you	
  to	
  do	
  for	
  this	
  week’s	
  lab	
  assignment…	
  ”)	
  

•  Develop	
  a	
  robust	
  rubric	
  for	
  assessment	
  
–  And	
  consider	
  handing	
  it	
  out	
  with	
  the	
  assignment	
  –	
  so	
  that	
  
students	
  know	
  from	
  the	
  start	
  what	
  you	
  are	
  expec*ng	
  from	
  
them	
  



Rediscovering	
  Plate	
  Tectonics:	
  
Dale	
  Sawyer	
  Plate	
  Tectonics	
  Jigsaw	
  

	
  •  Construc*ng	
  the	
  
argument	
  for	
  plate	
  
tectonics	
  from	
  key	
  
historical	
  evidence	
  

•  What	
  data	
  would	
  you	
  
use?	
  

•  How	
  would	
  you	
  have	
  
students	
  access	
  the	
  data?	
  

•  What	
  support	
  would	
  you	
  
offer?	
  

•  How	
  would	
  you	
  evaluate	
  
student	
  learning?	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  
Promo*ng	
  Adop*on	
  

•  Data	
  set	
  or	
  tools	
  can	
  be	
  transforma*ve	
  	
  
•  Organizing	
  the	
  data/materials	
  is	
  important,	
  
par*cularly	
  if	
  this	
  work	
  is	
  burdensome	
  

•  Dissemina*on/adop*on	
  can	
  be	
  very	
  fast	
  if	
  the	
  
ac*vi*es	
  are	
  aligned	
  with	
  needs/wants	
  

•  Ready	
  access	
  to	
  ac*vi*es	
  can	
  support	
  
dissemina*on	
  and	
  use	
  	
  of	
  strong	
  ideas	
  

•  Ready-­‐made	
  ac*vi*es	
  can	
  support	
  teaching	
  of	
  
new	
  ideas	
  (scien*fic	
  or	
  otherwise)	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  
Examples	
  on	
  the	
  SERC	
  website	
  

•  GeoPRISMs	
  
•  Exploring	
  Genomics	
  Data	
  
•  InTeGrate	
  
•  GETSI	
  
•  (and	
  far	
  too	
  many	
  more	
  to	
  show	
  today)	
  
•  …	
  and	
  soon	
  Neotoma…	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  
GeoPRISMs	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  
Example	
  from	
  GeoPRISMs	
  

•  Part	
  1:	
  A	
  lecture	
  introducing	
  ENSO	
  and	
  SOI.	
  
Brief	
  discussion	
  of	
  the	
  take-­‐home	
  
assignment	
  and	
  groups	
  are	
  assembled.	
  

•  Part	
  2:	
  The	
  take-­‐home	
  group	
  assignment	
  
where	
  the	
  students	
  will	
  take	
  sea	
  surface	
  
pressure	
  measurements	
  and	
  convert	
  them	
  
into	
  SOI	
  values.	
  They	
  will	
  then	
  make	
  the	
  SOI	
  
plot.	
  	
  

•  Part	
  3:	
  The	
  Huanghe	
  river	
  is	
  introduced	
  in	
  
class.	
  Students	
  are	
  sipng	
  in	
  the	
  groups	
  that	
  
worked	
  on	
  the	
  SOI	
  plot	
  together.	
  They	
  can	
  
discuss	
  answers	
  to	
  the	
  in-­‐class	
  worksheet	
  
ques*ons	
  in	
  this	
  module.	
  

•  Part	
  4:	
  Comple*on	
  of	
  module	
  consists	
  of	
  a	
  
class	
  discussion	
  of	
  their	
  answers	
  and	
  any	
  
addi*onal	
  discussion	
  of	
  the	
  Huanghe	
  (other	
  
figures	
  or	
  conclusions	
  from	
  the	
  Wang	
  et	
  al.	
  
(2006)	
  study).	
  	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  
Exploring	
  Genomics	
  Data	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  
Exploring	
  Genomics	
  Data	
  

“Using	
  the	
  Chamaecrista	
  Genomics	
  Explorer	
  
	
  
“Making	
  sense	
  of	
  genomics	
  data	
  can	
  be	
  a	
  bit	
  daun*ng.	
  The	
  Explorer	
  is	
  designed	
  to	
  get	
  
you	
  started	
  analyzing	
  genomics	
  data	
  by	
  guiding	
  you	
  through	
  five	
  different	
  strategies.	
  
You	
  can	
  start	
  with	
  any	
  one	
  of	
  the	
  strategies	
  to	
  ask	
  and	
  answer	
  thoughrul	
  ques*ons.	
  
As	
  you	
  get	
  more	
  comfortable	
  with	
  the	
  data,	
  you'll	
  find	
  yourself	
  combining	
  several	
  
strategies	
  to	
  ask	
  and	
  answer	
  more	
  sophis*cated	
  ques*ons.	
  Approach	
  the	
  Explorer	
  like	
  
you	
  would	
  a	
  pick	
  your	
  own	
  adventure	
  type	
  of	
  book.	
  
	
  
“The	
  strategies:	
  

•  Chamaecrista	
  biology	
  
•  Candidate	
  genes	
  
•  Gene	
  expression	
  
•  Varia*on	
  among	
  genotypes	
  
•  Func*onal	
  genomics”	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  
InTeGrate	
  

•  Climate	
  of	
  Change	
  
•  Natural	
  Hazards:	
  Hurricanes	
  
•  Mineral	
  Resources	
  
•  Soil	
  Sustainability	
  
•  Living	
  on	
  Plate	
  Boundaries	
  
•  Map	
  your	
  Hazards	
  
•  Environmental	
  Jus*ce	
  and	
  Freshwater	
  

Resources	
  
•  Geoscience	
  Teaching	
  Methods	
  
•  Water	
  and	
  Human	
  Ac*vity	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  
InTeGrate	
  

Climate	
  of	
  Change	
  module:	
  
•  Forecas*ng	
  climate	
  

variability	
  and	
  change	
  
•  Deciphering	
  short-­‐term	
  

climate	
  variability	
  
•  Anomalous	
  behavior	
  
•  Slow	
  and	
  steady?	
  
•  Systems@play	
  
•  Adap*ng	
  to	
  a	
  changing	
  

world	
  



Data-­‐Rich	
  Classroom	
  Ac*vi*es:	
  GETSI	
  





Teaching	
  with	
  Data	
  
•  It	
  can	
  be	
  done	
  
•  Time	
  consuming	
  –	
  
but	
  worth	
  it	
  in	
  the	
  
eyes	
  of	
  faculty	
  

•  Success	
  grounded	
  in	
  
learning	
  theory	
  	
  

•  Following	
  other	
  
projects’	
  examples	
  
can	
  make	
  it	
  easier	
  

Ques*ons	
  or	
  comments?	
  


