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Career	
  Trajectory	
  
	
  	
  1981-­‐1990:	
  Research	
  scien1st	
  in	
  solar	
  physics	
  -­‐	
  NCAR/HAO/U.	
  Colorado,	
  Cambridge	
  U.	
  

1990	
  –	
  First	
  Contact	
  with	
  AGCI	
  –	
  cross	
  disciplinary	
  communica;on	
  

	
  	
  1990-­‐1992:	
  Math	
  &	
  science	
  educator,	
  U.	
  Colorado	
  –	
  math	
  educa;on	
  as	
  human	
  development	
  

	
  	
  1992-­‐1994:	
  Strategic	
  planner,	
  policy	
  developer,	
  program	
  officer	
  at	
  NASA	
  HQ	
  –	
  power	
  of	
  
integra;ng	
  educa;on	
  programs	
  in	
  scien;fic	
  research	
  environments	
  

Fall	
  1994:	
  around-­‐the-­‐world	
  voyage	
  with	
  Semester	
  at	
  Sea	
  as	
  instructor	
  in	
  physics,	
  astronomy,	
  and	
  
environmental	
  science	
  –	
  power	
  of	
  “felt	
  experience”	
  in	
  developing	
  global	
  perspec;ves	
  

	
  	
  1995-­‐2007:	
  Director	
  of	
  Educa1on	
  and	
  Public	
  Outreach	
  at	
  the	
  Space	
  Science	
  	
  Ins1tute	
  
–  NASA	
  Broker-­‐Facilitator	
  –	
  matching	
  resources	
  of	
  space	
  science	
  research	
  community	
  with	
  

educa1onal	
  needs	
  in	
  a	
  9-­‐state	
  region	
  of	
  the	
  American	
  West	
  
–  Reaching	
  out	
  to	
  indigenous	
  students	
  and	
  educators	
  on	
  Navajo	
  &	
  Sioux	
  reserva1ons	
  &	
  Chaco	
  	
  

	
  [seeing	
  opportunity	
  to	
  create	
  a	
  new	
  synthesis	
  of	
  tradi;onal	
  and	
  modern	
  perspec;ves]	
  	
  	
  	
  	
  	
  
–  Strengthening	
  capacity	
  of	
  educators	
  in	
  space	
  and	
  earth	
  science	
  	
  
–  Developing	
  capacity	
  of	
  scien1sts	
  to	
  become	
  more	
  effec1ve	
  partners	
  in	
  educa1on	
  (AGU)	
  

1998-­‐1999	
  –	
  Second	
  Contact	
  with	
  AGCI	
  –	
  broadening	
  roles	
  for	
  scien;sts,	
  PESTO	
  

	
  	
  2008-­‐2012:	
  Professor	
  of	
  Physics	
  and	
  Astronomy,	
  Georgia	
  State	
  University,	
  Atlanta	
  

–  Physics	
  educa1on	
  innova1on	
  –	
  developing	
  students’	
  values	
  from	
  dogma	
  to	
  inquiry	
  

–  Discipline-­‐based	
  educa1on	
  researcher	
  in	
  climate	
  science	
  –	
  awakening	
  to	
  epistemology	
  
–  Integra1on	
  of	
  art,	
  music,	
  and	
  science	
  in	
  service	
  to	
  educa1on	
  –	
  combining	
  heart	
  and	
  mind	
  	
  

2012-­‐present:	
  	
  Research	
  Fellow	
  in	
  Science	
  Educa1on,	
  AGCI	
  –	
  communica;on	
  vs.	
  educa;on	
  
6/1/15	
   C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  



Career	
  Trajectory	
  
1981-­‐1990:	
  Research	
  scien1st	
  in	
  solar	
  physics	
  -­‐	
  NCAR/HAO/U.	
  Colorado,	
  Cambridge	
  U.	
  

1990	
  –	
  First	
  Contact	
  with	
  AGCI	
  –	
  joys	
  and	
  challenges	
  of	
  cross-­‐disciplinary	
  communica;on	
  

1990-­‐1992:	
  Math	
  &	
  science	
  educator,	
  U.	
  Colorado	
  –	
  insights	
  on	
  illiteracy,	
  human	
  development	
  

1992-­‐1994:	
  Strategic	
  planner,	
  policy	
  developer,	
  program	
  officer	
  at	
  NASA	
  HQ	
  –	
  the	
  value	
  of	
  
integra;ng	
  educa;on	
  programs	
  within	
  scien;fic	
  research	
  environments.	
  

Fall	
  1994:	
  around-­‐the-­‐world	
  voyage	
  with	
  Semester	
  at	
  Sea	
  as	
  instructor	
  in	
  physics,	
  astronomy,	
  and	
  
environmental	
  science	
  –	
  the	
  power	
  of	
  “felt	
  experience”	
  in	
  developing	
  global	
  perspec;ves	
  

1995-­‐2007:	
  Director	
  of	
  Educa1on	
  and	
  Public	
  Outreach	
  at	
  the	
  Space	
  Science	
  	
  Ins1tute	
  
–  NASA	
  Broker-­‐Facilitator	
  –	
  matching	
  resources	
  of	
  space	
  science	
  research	
  community	
  with	
  

educa1onal	
  needs	
  in	
  a	
  9-­‐state	
  region	
  of	
  the	
  American	
  West	
  
–  Reaching	
  out	
  to	
  indigenous	
  students	
  and	
  educators	
  on	
  Navajo	
  &	
  Sioux	
  reserva1ons	
  &	
  Chaco	
  	
  	
  	
  	
  	
  

(seeing	
  opportunity	
  to	
  create	
  a	
  new	
  synthesis	
  of	
  tradi;onal	
  and	
  modern	
  values)	
  
–  Strengthening	
  capacity	
  of	
  educators	
  in	
  space	
  and	
  earth	
  science	
  	
  
–  Developing	
  capacity	
  of	
  scien1sts	
  to	
  become	
  more	
  effec1ve	
  partners	
  in	
  educa1on	
  (AGU	
  )	
  

1998-­‐1999	
  –	
  Second	
  Contact	
  with	
  AGCI	
  –	
  roles	
  for	
  scien;sts	
  in	
  educa;on,	
  PESTO	
  

2008-­‐2012:	
  Professor	
  of	
  Physics	
  and	
  Astronomy,	
  Georgia	
  State	
  University,	
  Atlanta	
  
–  Physics	
  educa1on	
  innova1on	
  –	
  inquiry	
  vs.	
  dogma,	
  communica;on	
  vs.	
  educa;on	
  in	
  science	
  
–  Discipline-­‐based	
  educa1on	
  researcher	
  in	
  climate	
  science	
  –qualita;ve	
  inquiry,	
  epistemology	
  
–  Integra1on	
  of	
  art,	
  music,	
  and	
  science	
  in	
  service	
  to	
  educa1on	
  –	
  dialogue-­‐genera;ng	
  products	
  

2012-­‐present:	
  	
  Research	
  Fellow	
  in	
  Science	
  Educa1on,	
  AGCI	
  –	
  ac;va;ng	
  archive,	
  all	
  of	
  above	
  
6/1/15	
   C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  



Jack	
  Eddy	
   Steve	
  Schneider	
  

Walter	
  Orr	
  Roberts	
  

Guy	
  Brasseur	
  

Susan	
  Solomon	
  Warren	
  Washington	
  

Ralph	
  Cicerone	
  

Mickey	
  Glantz	
  
Graduate	
  days	
  at	
  NCAR	
  
Note	
  overlap	
  with	
  Jeff	
  Kiehl	
  



Quan1ta1ve	
  Reasoning	
  &	
  Mathema1cal	
  Skills	
  (QRMS)	
  Teaching	
  Assistants,	
  U.	
  Colorado,	
  early	
  90’s	
  

Interdisciplinary	
  Teaching	
  Assistants	
  in	
  Math	
  –	
  1990	
  
Math	
  Educa1on	
  as	
  a	
  Context	
  for	
  Human	
  Development	
  



NASA	
  Administrator,	
  me,	
  Space	
  Policy	
  pundit	
  John	
  Logsdon,	
  Hubble	
  Repair	
  astronaut	
  Jeff	
  Hoffman	
  

Heady	
  Days	
  at	
  NASA	
  Headquarters	
  –	
  early	
  1990’s	
  



Challenged	
  by	
  Stephen	
  Hawking	
  and	
  Carl	
  Sagan	
  
Later	
  epistemologically	
  and	
  ethically	
  broadened	
  by	
  the	
  Dalai	
  Lama	
  



NASA	
  Mission	
  Educa1on	
  &	
  Public	
  Outreach	
  
Exploring	
  space-­‐based	
  perspec1ves	
  in	
  Earth	
  science	
  Educa1on	
  



First	
  Contact	
  with	
  AGCI	
  



•  This	
  pioneering	
  AGCI	
  
educa1onal	
  product	
  of	
  the	
  
early	
  1990’s	
  was	
  rooted	
  in	
  
close	
  partnership	
  among	
  
research	
  scien1sts	
  and	
  
educators.	
  	
  

•  It	
  helped	
  lay	
  a	
  founda1on	
  
for	
  the	
  GLOBE	
  program	
  
wherein	
  students	
  are	
  
involved	
  in	
  scien1fic	
  
observing	
  protocols	
  that	
  
feed	
  data	
  into	
  authen1c	
  
research	
  projects.	
  

•  Wri1ng	
  for	
  this	
  document	
  
was	
  among	
  Susan	
  Hassol’s	
  
first	
  tasks	
  at	
  AGCI.	
  

Sampling	
  the	
  Kindredness	
  of	
  mission	
  with	
  AGCI	
  





1996	
  



Second	
  Contact	
  with	
  AGCI	
  



Planning	
  Workshops	
  within	
  Workshops	
  for	
  AGCI	
  







15	
  January	
  2005	
   C.	
  A.	
  Morrow	
  	
  	
  	
  	
  morrow@spacescience.org	
  	
  

Modern	
  Science	
  EducaEon	
  Reform	
  
in	
  a	
  nutshell	
  

•  Students	
  as	
  “scien1sts”	
  with	
  
teachers	
  as	
  facilitators	
  of	
  learning	
  
–  Teacher	
  as	
  “a	
  guide	
  on	
  the	
  side”	
  
rather	
  than	
  a	
  “sage	
  on	
  the	
  stage”.	
  

•  “Inquiry-­‐based”	
  process	
  of	
  
teaching	
  &	
  learning	
  
–  “The	
  way	
  scien1sts	
  do	
  science	
  rather	
  
than	
  the	
  way	
  they	
  were	
  taught	
  
science.”	
  



It is very important that you learn about traxoline. Traxoline is a new  

form of zionter. It is monotilled in Ceristanna. The Ceristannians 

 gristerlate large amounts of fevon and then bracter it to quasel  

traxoline. Traxoline may well be one of our most lukized snezlaus in 

 the future because of our zionter lescelidge. 

Directions:  Answer the following questions in complete sentences.  

The Monotillation of Traxoline 

1.  What is traxoline? 

2.  Where is traxoline monotilled? 

3.  How is traxoline quaselled? 

4.  Why is it important to know about traxoline? Attributed to Judy Lanier 
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Same	
  Research	
  Founda1on	
  for	
  Science	
  Educa1on	
  and	
  Science	
  Communica1on	
  

People	
  are	
  NOT	
  blank	
  slates,	
  they	
  come	
  with	
  pre-­‐conceived	
  ideas	
  





Comparing	
  Best	
  Prac1ce	
  	
  
Communica1on	
  and	
  Educa1on	
  in	
  Science	
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DOMAIN	
  	
   Best	
  PracEce	
  CommunicaEon	
   Best	
  PracEce	
  EducaEon	
  

TIME	
  FRAME	
   Generally	
  shorter	
   Generally	
  longer	
  

CONTEXT	
  of	
  
PRACTICE	
  

Mass	
  media,	
  Public	
  Talks…	
   Classroom,	
  Science	
  Center…	
  

NATURE	
  of	
  
MESSAGE	
  

Well-­‐framed	
  3-­‐pt	
  messages.	
  
Sound	
  bytes	
  

Avoid	
  use	
  of	
  math	
  and	
  jargon	
  

Age-­‐appropriate	
  lessons.	
  	
  
CulEvate	
  appropriate	
  use	
  of	
  

math	
  and	
  jargon	
  

INTENDED	
  
OUTCOME	
  

Influencing	
  opinion	
  or	
  behavior	
  

Conceptual	
  understanding;	
  
Developing	
  skepEcism	
  and	
  

capacity	
  to	
  discern	
  dogma	
  vs.	
  
evidenced-­‐based	
  inquiry	
  

PRACTITIONERS	
  
ScienEsts	
  and	
  science	
  

communicators	
  
ScienEsts	
  and	
  science	
  

educators	
  



Considering	
  Research-­‐based	
  Communica1on	
  	
  
and	
  Scien1fic	
  Accuracy	
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Making	
  a	
  ScienEfically	
  
Accurate	
  Statement?	
  

Offering	
  a	
  Science-­‐based	
  Idea	
  about	
  
How	
  Society	
  Needs	
  to	
  Respond	
  to	
  

Excess	
  CO2	
  in	
  the	
  Atmosphere	
  due	
  to	
  
the	
  CombusEon	
  of	
  Fossil	
  Fuels?	
  	
  

CO2	
  is	
  PolluEon	
  
[“CO2	
  is	
  toxic”]	
  

CO2	
  is	
  Plant	
  Food	
  
[“CO2	
  is	
  good”]	
  

NOT	
  REALLY	
  

YES	
  

YES	
  

NO	
  



QRMS	
  Teaching	
  Assistants,	
  University	
  of	
  Colorado,	
  early	
  90’s	
  

Studio	
  Physics	
  Classroom	
  	
  –	
  Georgia	
  State	
  University	
  



QRMS	
  Teaching	
  Assistants,	
  University	
  of	
  Colorado,	
  early	
  90’s	
  

Studio	
  Physics	
  Classroom	
  	
  –	
  Georgia	
  State	
  University	
  



Reframing	
  “Science	
  vs.	
  Religion”	
  to	
  “Inquiry	
  vs.	
  Dogma”,	
  	
  Systems	
  Thinking	
  

Teaching	
  that	
  is	
  Transforma1onal	
  Rather	
  than	
  Informa1onal	
  
-­‐	
  Robert	
  Kegan,	
  Harvard	
  professor	
  of	
  adult	
  development	
  



Learning Theory and  
Practical Lessons from Experiences  

in Science Education Reform 

Cherilynn	
  A.	
  Morrow	
  
Professor	
  of	
  Physics	
  &	
  Astronomy	
  

(educaEon	
  focus)	
  
STEM	
  Director	
  

Georgia	
  State	
  University	
  

Aspen	
  Global	
  Change	
  InsEtute	
  Workshop:	
  
Global	
  Change	
  and	
  the	
  Solar-­‐Terrestrial	
  Environment	
  

Session	
  H:	
  EducaEon	
  and	
  Public	
  Outreach	
  
Aspen,	
  CO	
  

15	
  June	
  2010	
  



Dr.	
  Richard	
  Somerville	
  Talk	
  at	
  GSU	
  

6/1/15	
  

Data	
  we	
  collected	
  at	
  Richard’s	
  empha1cally	
  “straight	
  science”	
  talk	
  	
  at	
  Georgia	
  State	
  
suggested	
  shihing	
  aitudes	
  toward	
  more	
  willing	
  considera1on	
  of	
  scien1fic	
  
perspec1ves.	
  	
  NOT	
  an	
  example	
  of	
  a	
  failing	
  “deficit”	
  model	
  here.	
  	
  

Undergraduates	
  -­‐	
  a	
  powerful	
  1me	
  in	
  life	
  to	
  challenge	
  condi1oned	
  ideas	
  …..	
  

C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  





The Toy Dog Dialogue 
Child:  Why does the toy dog move? 
Adult: It moves because the sun is shining. 
Child:  No it doesn't. What does that have to do with the Sun shining?   

 The toy dog moves because I wind up the spring. 
Adult: Yes, but why are you able to move to wind up the spring? 
Child:  Because I eat. 
Adult:  Okay…what do you eat? 
Child:  I eat food. 
Adult:  Where does that food come from? 
Child:  Plants and trees… 
Adult:  And how do plants and trees grow? 
Child:  Aha! They grow because the Sun is shining…. 
Adult: Right!  So both you and the toy dog move because the Sun is shining. 

IT MOVES BECAUSE THE SUN SHINES 
Adapted from physicist Richard Feynman’s 1966 speech to the  

National Science Teachers Association, titled “What is Science?” 



The	
  Concept	
  Inventory	
  on	
  Climate	
  Change	
  

•  However,	
  the	
  instrument	
  ALSO	
  includes	
  a	
  subset	
  of	
  basic	
  
weather	
  and	
  climate	
  concepts	
  that	
  support	
  understanding	
  
of	
  climate	
  change	
  and	
  its	
  consequences.	
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The	
  CICC	
  has	
  been	
  developed	
  in	
  the	
  context	
  of	
  a	
  popular	
  
introductory	
  weather	
  and	
  climate	
  lab/lecture	
  course	
  at	
  a	
  
southeastern	
  research	
  university	
  (N~400-­‐500	
  per	
  semester).	
  



The	
  Concept	
  Inventory	
  on	
  Climate	
  Change	
  

1.  Undergraduate	
  instructors	
  of	
  climate-­‐related	
  courses	
  

2.  Teacher	
  educators	
  or	
  professional	
  developers	
  

3.  Educa1on	
  researchers	
  	
  

4.  Project	
  evaluators	
  

5.   Others?	
  Climate	
  Service	
  Providers?	
  

The	
  Concept	
  Inventory	
  on	
  Climate	
  Change	
  [CICC]	
  is	
  a	
  
research-­‐based	
  mul1ple-­‐choice	
  “test”	
  that	
  provides	
  a	
  
valuable	
  new	
  assessment	
  tool	
  on	
  science	
  concepts	
  
related	
  to	
  climate	
  change	
  for…	
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CONTENT	
  
VALIDITY	
  

Our	
  content	
  validity	
  	
  	
  	
  	
  
derives	
  predominantly	
  	
  	
  

from	
  the	
  na1onal	
  	
  
consensus	
  document	
  

en1tled:	
  	
  

Climate	
  Literacy:	
  The	
  
Essen;al	
  Principles	
  of	
  

Climate	
  Science.	
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Core	
  Development	
  Team	
  

Dr.	
  Judy	
  Monsaas	
  

Dr.	
  Cherilynn	
  Morrow	
  

John	
  Katzenberger	
  

Dr.	
  Comfort	
  Afolabi	
  
Data	
  Collec1on	
  &	
  Analysis	
  

Psychometrics	
  

Science	
  Educa1on	
  Research	
  –	
  Interviewing	
  students	
  about	
  their	
  ideas	
  on	
  climate	
  change.	
  

Science	
  Exper1se	
  

Execu1ve	
  Director	
  	
  
Aspen	
  Global	
  Change	
  Ins1tute	
  

Execu1ve	
  Director	
  of	
  
Assessment	
  and	
  Evalua1on	
  
University	
  System	
  of	
  Georgia	
  

Senior	
  Research	
  Fellow	
  
Aspen	
  Global	
  Change	
  Ins1tute	
  

Research	
  Specialist,	
  USG	
  

6/1/15	
   C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  



The	
  Effect	
  of	
  Interviews	
  on	
  Graphics	
  
Example	
  #1	
  –	
  Keeling	
  Graph	
  of	
  Atmospheric	
  CO2	
  Concentra1on	
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Inset	
  blocks	
  quan1ta1ve	
  
readability	
  of	
  primary	
  curve	
  

What	
  does	
  this	
  
mean?	
  Distrac1ng	
  



The	
  Effect	
  of	
  Interviews	
  on	
  Graphics	
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The	
  Effect	
  of	
  Interviews	
  on	
  Graphics	
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  #1	
  –	
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  Graph	
  of	
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  CO2	
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Concept	
  Inventory	
  for	
  Climate	
  Change	
  
Poten1al	
  as	
  Tool	
  for	
  Change	
  

In	
  higher	
  educa1on	
  (e.g.	
  introductory	
  physics),	
  The	
  
Force	
  Concept	
  Inventory	
  (FCI)	
  has	
  been	
  used	
  to	
  
provide	
  curriculum	
  developers,	
  educa1on	
  researchers,	
  
and	
  instructors	
  with	
  valuable	
  feedback	
  on	
  the	
  
effec1veness	
  of	
  teaching	
  strategies.	
  

Properly	
  used,	
  a	
  well-­‐designed	
  Concept	
  Inventory	
  can	
  
play	
  a	
  vital	
  role	
  in	
  transforming	
  teaching	
  prac1ces	
  
among	
  faculty	
  toward	
  becoming	
  more	
  evidence-­‐based.	
  

6/1/15	
   C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  



Intended	
  Use	
  of	
  Concept	
  Inventory	
  

1.   flag	
  conceptual	
  issues	
  (PRE-­‐instruc1on).	
  

2.   detect	
  conceptual	
  change	
  (POST-­‐instruc1on).	
  

3.   inform	
  decisions	
  about	
  teaching	
  strategies.	
  

4.   all	
  of	
  the	
  above.*	
  ☺	
  

A	
  mul4ple-­‐choice	
  test	
  cannot	
  purport	
  to	
  assess	
  deep	
  
conceptual	
  understanding	
  but	
  if	
  well	
  developed,	
  a	
  
mul1ple	
  choice	
  concept	
  inventory	
  can…	
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  ☺	
  This	
  is	
  NOT	
  a	
  best-­‐prac4ce	
  structure	
  for	
  an	
  item,	
  but	
  it	
  serves	
  the	
  intended	
  purpose	
  here.	
  

The	
  CICC	
  is	
  NOT	
  a	
  test	
  for	
  a	
  grade!!	
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Venus	
  Transit	
  as	
  Context	
  for	
  Art	
  &	
  Science	
  Educa1on	
  
Workshop	
  for	
  Arts,	
  Music,	
  and	
  Science	
  Teachers	
  together	
  

Importance	
  of	
  Products	
  to	
  provide	
  opportunity	
  to	
  collaborate	
  



Venus	
  Transit	
  Atop	
  Mauna	
  Kea	
  –	
  June	
  2012	
  

Context	
  for	
  Art	
  &	
  Music	
  &	
  Spirit	
  &	
  Felt	
  Experience	
  in	
  Service	
  to	
  Science	
  Educa1on	
  



Cherilynn	
  A.	
  Morrow	
  

John	
  Katzenberger	
  

Elise	
  C.	
  Osenga	
  

	
  James	
  C.	
  Arnop 

From	
  the	
  Horse’s	
  Mouth:	
  	
  
A	
  Unique	
  Resource	
  for	
  Bringing	
  NGSS	
  Standards	
  on	
  the	
  

Nature	
  and	
  Process	
  of	
  Science	
  to	
  Life	
  via	
  Educa1onal	
  Access	
  
to	
  Videos	
  of	
  Scien1sts	
  Communica1ng	
  with	
  Each	
  Other	
  

American Geophysical Union 
11	
  Dec	
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  –ED	
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  on	
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ED005:	
  Climate	
  Literacy	
  and	
  the	
  Next	
  Genera1on	
  Science	
  
Standards	
  for	
  K-­‐12	
  Educa1on	
  

This	
  work	
  was	
  supported	
  by	
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  GEO-­‐1035125.	
  



Ideas	
  for	
  Future	
  of	
  AGCI	
  
•  Selected	
  AGCI	
  mee1ngs	
  as	
  contexts	
  for	
  appropriately	
  non-­‐

intrusive	
  research	
  on	
  the	
  ingredients	
  for	
  successful	
  cross-­‐
disciplinary	
  communica1on	
  (e.g.	
  NOAA	
  REESE	
  efforts)	
  

•  Workshop	
  that	
  explores	
  the	
  interface	
  between	
  science	
  
communica1on	
  and	
  science	
  educa1on	
  in	
  both	
  research	
  and	
  
prac1ce	
  (including	
  relevant	
  psychology	
  for	
  scien1sts	
  
regarding	
  more	
  effec1ve	
  educa1on	
  and	
  communica1on).	
  

•  Developing	
  developing	
  assessment	
  instruments	
  on	
  global	
  
change	
  content	
  akin	
  to	
  the	
  Concept	
  Inventory	
  on	
  Climate	
  
Change	
  –	
  explore	
  link	
  to	
  Kahan	
  research	
  (quoted	
  by	
  Marty).	
  

•  Persistence	
  with	
  ac1va1ng	
  the	
  AGCI	
  archive	
  for	
  use	
  with	
  
Next	
  Genera1on	
  Science	
  Educa1on	
  Standards	
  (NGSS)	
  

•  Enhancing	
  the	
  integra1on	
  of	
  the	
  Arts	
  with	
  STEM	
  educa1on	
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Career	
  Trajectory	
  
	
  	
  1981-­‐1990:	
  Research	
  scien1st	
  in	
  solar	
  physics	
  -­‐	
  NCAR/HAO/U.	
  Colorado,	
  Cambridge	
  U.	
  

1990	
  –	
  First	
  Contact	
  with	
  AGCI	
  –	
  cross	
  disciplinary	
  communica;on	
  

	
  	
  1990-­‐1992:	
  Math	
  &	
  science	
  educator,	
  U.	
  Colorado	
  –	
  math	
  educa;on	
  as	
  human	
  development	
  

	
  	
  1992-­‐1994:	
  Strategic	
  planner,	
  policy	
  developer,	
  program	
  officer	
  at	
  NASA	
  HQ	
  –	
  power	
  of	
  
integra;ng	
  educa;on	
  programs	
  in	
  scien;fic	
  research	
  environments	
  

Fall	
  1994:	
  around-­‐the-­‐world	
  voyage	
  with	
  Semester	
  at	
  Sea	
  as	
  instructor	
  in	
  physics,	
  astronomy,	
  and	
  
environmental	
  science	
  –	
  power	
  of	
  “felt	
  experience”	
  in	
  developing	
  global	
  perspec;ves	
  

	
  	
  1995-­‐2007:	
  Director	
  of	
  Educa1on	
  and	
  Public	
  Outreach	
  at	
  the	
  Space	
  Science	
  	
  Ins1tute	
  
–  NASA	
  Broker-­‐Facilitator	
  –	
  matching	
  resources	
  of	
  space	
  science	
  research	
  community	
  with	
  

educa1onal	
  needs	
  in	
  a	
  9-­‐state	
  region	
  of	
  the	
  American	
  West	
  
–  Reaching	
  out	
  to	
  indigenous	
  students	
  and	
  educators	
  on	
  Navajo	
  &	
  Sioux	
  reserva1ons	
  &	
  Chaco	
  	
  

	
  [seeing	
  opportunity	
  to	
  create	
  a	
  new	
  synthesis	
  of	
  tradi;onal	
  and	
  modern	
  perspec;ves]	
  	
  	
  	
  	
  	
  
–  Strengthening	
  capacity	
  of	
  educators	
  in	
  space	
  and	
  earth	
  science	
  	
  
–  Developing	
  capacity	
  of	
  scien1sts	
  to	
  become	
  more	
  effec1ve	
  partners	
  in	
  educa1on	
  (AGU)	
  

1998-­‐1999	
  –	
  Second	
  Contact	
  with	
  AGCI	
  –	
  roles	
  for	
  scien;sts,	
  PESTO	
  

	
  	
  2008-­‐2012:	
  Professor	
  of	
  Physics	
  and	
  Astronomy,	
  Georgia	
  State	
  University,	
  Atlanta	
  

–  Physics	
  educa1on	
  innova1on	
  –	
  developing	
  students’	
  values	
  from	
  dogma	
  to	
  inquiry	
  

–  Discipline-­‐based	
  educa1on	
  researcher	
  in	
  climate	
  science	
  –	
  awakening	
  to	
  epistemology	
  
–  Integra1on	
  of	
  art,	
  music,	
  and	
  science	
  in	
  service	
  to	
  educa1on	
  –	
  combining	
  heart	
  and	
  mind	
  	
  

2012-­‐present:	
  	
  Research	
  Fellow	
  in	
  Science	
  Educa1on,	
  AGCI	
  –	
  communica;on	
  vs.	
  educa;on	
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Lessons	
  of	
  Career	
  Trajectory	
  
•  Joys	
  and	
  challenges	
  of	
  cross-­‐disciplinary	
  communica;on	
  

•  Educa;on	
  as	
  development	
  of	
  human	
  poten;al	
  insights	
  on	
  math	
  
and	
  science	
  illiteracy,	
  inquiry	
  vs.	
  dogma,	
  systems	
  thinking,	
  
Teaching	
  for	
  Transforma;on	
  rather	
  than	
  Informa;on….	
  

•  Excep;onal	
  Value	
  of	
  integra;ng	
  educa;on	
  programs	
  within	
  
scien;fic	
  research	
  environments.	
  

•  The	
  power	
  of	
  “felt	
  experience”	
  in	
  developing	
  global	
  
perspec;ves	
  

•  Seeing	
  opportunity	
  for	
  needed	
  solu;ons	
  to	
  derive	
  from	
  a	
  new	
  
synthesis	
  of	
  tradi;onal	
  and	
  modern	
  values	
  

•  Roles	
  for	
  scien;sts	
  in	
  educa;on	
  –	
  re-­‐examine	
  in	
  light	
  of	
  climate	
  
change	
  

•  Inquiry	
  vs.	
  dogma	
  	
  (Dalai	
  Lama)	
  
•  Comparing	
  Communica;on	
  and	
  Educa;on	
  Research	
  
•  Joys	
  of	
  qualita;ve	
  inquiry	
  
•  Dialogue-­‐genera;ng	
  products	
  across	
  knowledge	
  domains	
  
•  Ac;va;ng	
  archive,	
  all	
  of	
  above	
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Career	
  Trajectory	
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  in	
  solar	
  physics	
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  NCAR/HAO/U.	
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  Cambridge	
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1990	
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  cross	
  disciplinary	
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  [seeing	
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  create	
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  synthesis	
  of	
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  modern	
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  capacity	
  of	
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  space	
  and	
  earth	
  science	
  	
  
–  Developing	
  capacity	
  of	
  scien1sts	
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  more	
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  partners	
  in	
  educa1on	
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1998-­‐1999	
  –	
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  Contact	
  with	
  AGCI	
  –	
  broadening	
  roles	
  for	
  scien;sts,	
  PESTO	
  

	
  	
  2008-­‐2012:	
  Professor	
  of	
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  and	
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  Georgia	
  State	
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  Atlanta	
  

–  Physics	
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  innova1on	
  –	
  developing	
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  values	
  from	
  dogma	
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  inquiry	
  

–  Discipline-­‐based	
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  researcher	
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  awakening	
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  epistemology	
  
–  Integra1on	
  of	
  art,	
  music,	
  and	
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  in	
  service	
  to	
  educa1on	
  –	
  combining	
  heart	
  and	
  mind	
  	
  

2012-­‐present:	
  	
  Research	
  Fellow	
  in	
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  Educa1on,	
  AGCI	
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  vs.	
  educa;on	
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AGU	
  -­‐	
  FTHM	
  ABSTRACT	
  
•  ABSTRACT	
  BODY:	
  "From	
  the	
  Horse’s	
  Mouth”	
  (FTHM)	
  is	
  a	
  standards-­‐aligned	
  educa1onal	
  website	
  that	
  is	
  
being	
  developed	
  by	
  the	
  Aspen	
  Global	
  Change	
  Ins1tute	
  (AGCI)	
  with	
  NSF	
  support	
  for	
  purposes	
  of	
  both	
  formal	
  and	
  
informal	
  educa1on.	
  The	
  project	
  allows	
  students,	
  teachers,	
  and	
  the	
  public	
  to	
  become	
  “(horse)	
  flies	
  on	
  the	
  wall”	
  
as	
  science	
  communica1on	
  on	
  key	
  global	
  change	
  issues	
  is	
  prac1ced	
  by	
  leading	
  scien1sts	
  from	
  around	
  the	
  world.	
  
The	
  website	
  will	
  offer	
  a	
  uniquely	
  valuable	
  resource	
  for	
  explicitly	
  addressing	
  educa1onal	
  standards	
  about	
  
science	
  as	
  human	
  endeavor,	
  the	
  nature	
  of	
  science,	
  the	
  process	
  of	
  science,	
  and	
  cross	
  cuing	
  themes	
  such	
  as	
  
systems	
  and	
  cycles.	
  	
  

The	
  source	
  material	
  for	
  the	
  FTHM	
  website	
  is	
  more	
  than	
  1200	
  hours	
  of	
  video	
  documenta1on	
  of	
  scien1sts	
  
communica1ng	
  with	
  each	
  other	
  about	
  both	
  founda1onal	
  and	
  emerging	
  global	
  change	
  topics	
  at	
  50	
  AGCI	
  
interdisciplinary	
  workshops	
  (N~25-­‐30	
  par1cipants/workshop)	
  over	
  the	
  past	
  24	
  years.	
  Scien1sts	
  from	
  more	
  than	
  
35	
  countries	
  have	
  presented	
  in	
  AGCI	
  workshops	
  on	
  a	
  broad	
  array	
  of	
  topics	
  in	
  Earth	
  system	
  science.	
  	
  

The	
  FTHM	
  project	
  team	
  has	
  been	
  scouring	
  the	
  AGCI	
  archive	
  for	
  excerpts	
  (2-­‐8	
  min)	
  with	
  excep1onal	
  educa1onal	
  
poten1al	
  that	
  well	
  illustrate	
  the	
  values,	
  nature,	
  and	
  process	
  of	
  the	
  scien1fic	
  endeavor	
  in	
  the	
  context	
  of	
  
engaging	
  mul1-­‐disciplinary	
  topics	
  and	
  concepts.	
  The	
  website	
  surrounds	
  these	
  clips	
  with	
  suppor1ng	
  materials	
  
that	
  help	
  the	
  viewer	
  comprehend	
  the	
  communica1on	
  of	
  scien1fic	
  concepts	
  and,	
  most	
  importantly,	
  iden1fy	
  key	
  
elements	
  of	
  the	
  scien1fic	
  process.	
  The	
  FTHM	
  website	
  will	
  provide	
  a	
  unique	
  resource	
  for	
  teachers	
  and	
  teacher	
  
educators	
  to	
  bring	
  to	
  life	
  the	
  nature	
  of	
  scien1fic	
  discourse	
  and	
  the	
  process	
  of	
  science	
  that	
  is	
  so	
  important	
  to	
  
fulfilling	
  the	
  Next	
  Genera1on	
  Science	
  Standards	
  (NGSS).	
  	
  

This	
  work	
  was	
  supported	
  by	
  NSF	
  grant	
  GEO-­‐1035125.	
  

6/1/15	
   C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  



CURRENT	
  CICC	
  Characteris1cs	
  	
  
•  34	
  mul1ple	
  choice	
  items	
  with	
  4	
  answer	
  choices	
  

•  Distribu1on	
  of	
  content	
  by	
  Climate	
  Literacy	
  Principle	
  –	
  Each	
  
item	
  keyed	
  to	
  relevant	
  Principles	
  

•  Item	
  structure	
  in	
  accordance	
  with	
  standard	
  best	
  prac1ces	
  
(e.g.,	
  Burton	
  et	
  al.)	
  

•  Cogni1ve	
  sophis1ca1on:	
  about	
  1/3	
  each:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  Knowledge,	
  Comprehension,	
  Applica1on	
  

•  Distribu1on	
  of	
  item	
  difficul1es	
  	
  

•  The	
  CICC	
  does	
  not	
  cross	
  the	
  line	
  into	
  assessing	
  opinions	
  or	
  
beliefs,	
  but	
  may	
  serve	
  as	
  a	
  complement	
  to	
  other	
  instruments	
  
that	
  do	
  so.	
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Communica1ons	
  Research	
  
ques1on:	
  what	
  instruments	
  were	
  used	
  to	
  measure	
  science	
  literacy	
  and	
  numeracy?	
  	
  Heard	
  a	
  talk	
  about	
  this…	
  

•  The	
  polarizing	
  impact	
  of	
  science	
  literacy	
  and	
  
numeracy	
  on	
  perceived	
  cl	
  imate	
  change	
  
risks….Dan	
  M.	
  Kahan…Nature	
  climate	
  
change…..deficit	
  in	
  comprehension…eficit	
  
omcrhesnion…	
  We	
  conducted	
  a	
  study	
  to	
  test	
  
this	
  account	
  and	
  found	
  no	
  support	
  for	
  it….27	
  
Mat	
  2012….Ellen	
  Peters,	
  Maggie	
  Wixlin,	
  Paul	
  
SLovice….Abstract…	
  

•  Evolu1onary	
  psychology…	
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Career	
  Trajectory	
  
•  My	
  own	
  exper1se	
  has	
  evolved	
  with	
  1me	
  from	
  solar	
  physics	
  research,	
  to	
  

earth	
  and	
  space	
  science	
  educa1on,	
  to	
  physics	
  and	
  climate	
  educa1on	
  
research.	
  The	
  laxer	
  has	
  involved	
  conduc1ng	
  group	
  interviews	
  with	
  
undergraduate	
  students	
  in	
  an	
  introductory	
  weather	
  and	
  climate	
  course	
  
to	
  understand	
  how	
  they	
  think	
  and	
  reason	
  about	
  the	
  science	
  of	
  climate	
  
change,	
  and	
  to	
  detect	
  any	
  commonly	
  held	
  misunderstandings	
  about	
  the	
  
science.	
  This	
  is	
  kindred	
  with	
  an	
  important	
  research	
  method	
  in	
  
communica1ons	
  that	
  involves	
  convening	
  focus	
  groups	
  to	
  learn	
  about	
  the	
  
mental	
  frameworks	
  people	
  use	
  to	
  respond	
  to	
  informa1on	
  about	
  climate	
  
change.	
  By	
  this	
  means	
  researchers	
  can	
  also	
  test	
  the	
  most	
  effec1ve	
  ways	
  
of	
  communica1ng	
  the	
  reali1es	
  of	
  climate	
  change	
  to	
  people	
  with	
  diverse	
  
values	
  and	
  perspec1ves.	
  	
  

•  	
  	
  

•  As	
  a	
  research	
  scien1st	
  in	
  solar	
  physics,	
  turned	
  into	
  a	
  NASA	
  program	
  
officer,	
  then	
  into	
  a	
  cross-­‐cultural	
  astronomy	
  educator,	
  then	
  into	
  a	
  
professor	
  of	
  physics	
  educa1on,	
  and	
  now	
  into	
  a	
  discipline-­‐based	
  
educa1on	
  researcher	
  in	
  climate	
  science,	
  the	
  scien1fically	
  inaccurate	
  
ideas	
  conjured	
  by	
  “carbon	
  pollu1on”	
  are	
  annoying.	
  Graduate	
  student	
  in	
  C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  



Career	
  Pathway	
  and	
  Influences	
  
•  Your	
  career:	
  

•  How	
  have	
  the	
  research	
  	
  
•  ques1ons	
  and	
  scien1fic	
  priori1es	
  	
  
•  in	
  your	
  work/specific	
  	
  
•  field	
  
•  evolved	
  since	
  you	
  began	
  as	
  a	
  scien1st,	
  and	
  how	
  has	
  that	
  evolu1on	
  of	
  the	
  science	
  brought	
  	
  

•  you	
  to	
  where	
  you	
  are	
  now	
  in	
  terms	
  of	
  what	
  you	
  are	
  currently	
  studying?	
  
•  What	
  are	
  the	
  key	
  factors	
  	
  
•  (e.g.	
  d	
  
•  iscoveries,	
  publica1ons,	
  workshops,	
  research	
  projects,	
  assessments,	
  or	
  mentors)	
  that	
  have	
  	
  
•  influenced	
  your	
  career	
  and	
  topics	
  of	
  your	
  research?	
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Evolu1on	
  of	
  Global	
  Change	
  Research	
  
•  2.	
  

•  Global	
  change	
  research	
  more	
  broadly	
  
•  :	
  Looking	
  back,	
  what	
  have	
  been	
  the	
  major	
  ways	
  in	
  which	
  	
  
•  global	
  change	
  	
  
•  research	
  
•  has	
  evolved	
  for	
  the	
  bexer	
  and	
  for	
  the	
  worse?	
  What	
  has	
  enabled	
  progress,	
  	
  

•  and	
  what	
  has	
  slowed	
  it?	
  What	
  lessons	
  do	
  you	
  draw	
  for	
  the	
  future?	
  You	
  can	
  focus	
  on	
  anything,	
  	
  
•  e.g.,	
  research	
  topics,	
  data,	
  infrastructure,	
  poli1cal	
  	
  
•  condi1ons,	
  societal	
  relevance	
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Societal	
  Needs	
  vis-­‐à-­‐vis	
  Science	
  
3.	
  

•  Societal	
  needs:	
  
•  How	
  is	
  society's	
  need	
  for	
  informa1on	
  about	
  global	
  change	
  evolving?	
  What	
  do	
  	
  
•  you	
  see	
  as	
  the	
  cri1cal	
  role	
  for	
  science	
  moving	
  forward?	
  Are	
  there	
  tradeoffs	
  between	
  fundamental	
  	
  
•  science	
  and	
  its	
  applica1on,	
  and	
  if	
  so,	
  how	
  should	
  they	
  be	
  managed	
  effec1vely?	
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Future	
  –	
  Opportuni1es	
  and	
  Challenges	
  
4.	
  

The	
  future:	
  
•  Where	
  do	
  you	
  see	
  global	
  change	
  science	
  going	
  over	
  the	
  next	
  10-­‐	
  20	
  years,	
  and	
  what	
  	
  
•  new	
  research	
  priori1es	
  are	
  emerging?	
  What	
  are	
  the	
  impediments	
  and	
  opportuni1es	
  that	
  will	
  need	
  	
  
•  to	
  be	
  managed?	
  	
  	
  You	
  could	
  answer	
  for	
  your	
  specific	
  field,	
  more	
  generally,	
  or	
  both.	
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AGCI’s	
  Influence	
  and	
  Future	
  Role	
  
5.	
  

•  AGCI's	
  role:	
  
•  This	
  year	
  marks	
  the	
  25th	
  anniversary	
  of	
  the	
  Aspen	
  Global	
  Change	
  Ins1tute.	
  	
  
•  If	
  you	
  have	
  been	
  an	
  axendee	
  or	
  a	
  co-­‐chair	
  of	
  a	
  previous	
  AGCI	
  session,	
  how	
  did	
  those	
  sessions	
  you	
  	
  
•  par1cipated	
  in	
  help	
  steer	
  or	
  influence	
  global	
  change	
  science?	
  And,	
  how	
  do	
  you	
  see	
  AGCI’s	
  role	
  	
  
•  evolving	
  into	
  the	
  next	
  25	
  years.	
  

•  	
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EXAMPLE	
  ITEMS	
  
Our	
  Greenhouse	
  Item	
  -­‐	
  Thank	
  you	
  Researchers!	
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POLL:	
  	
  Which	
  TYPE	
  of	
  item	
  would	
  you	
  say	
  this	
  is?	
  
K 	
  	
  	
  	
  	
  K/C 	
   	
  A/A	
  

Item	
  Frequencies:	
  Fall	
  2013	
  [19,	
  12,	
  30,	
  39]	
  
N~500	
  



EXAMPLE	
  ITEM	
  
Cogni1ve	
  Sophis1ca1on	
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POLL:	
  	
  Which	
  TYPE	
  of	
  item	
  would	
  you	
  say	
  this	
  is?	
  
K 	
  	
  	
  	
  	
  K/C 	
   	
  A/A	
  

[K]	
  	
  	
  	
  	
  =	
  	
  Knowledge	
  -­‐	
  asks	
  for	
  knowledge	
  of	
  a	
  fact	
  or	
  defini1on	
  

[K/C]	
  =	
  	
  Knowledge/Comprehension	
  -­‐	
  requires	
  more	
  conceptual	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  understanding	
  to	
  answer	
  correctly.	
  
[A/A]	
  =	
  Applica1on/Analysis	
  -­‐	
  asks	
  for	
  applica1on	
  of	
  underlying	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  concept	
  to	
  answer	
  correctly.	
  



EXAMPLE	
  ITEMS	
  
Cogni1ve	
  Sophis1ca1on	
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POLL:	
  	
  Which	
  TYPE	
  of	
  item	
  would	
  you	
  say	
  this	
  is?	
  
K 	
  	
  	
  	
  	
  K/C 	
   	
  A/A	
  



Example	
  Sources	
  of	
  SEmulaEon	
  
for	
  Item	
  GeneraEon	
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Our	
  item	
  genera1on	
  has	
  been	
  s1mulated	
  by	
  other	
  key	
  sources	
  in	
  addi1on	
  to	
  the	
  
Climate	
  Literacy	
  Principles,	
  but	
  all	
  items	
  are	
  grounded	
  in	
  those	
  Principles:	
  

1.  AAAS	
  Atlas	
  for	
  Weather	
  and	
  Climate	
  –	
  linked	
  to	
  Climate	
  Literacy	
  Principles;	
  

2.  Intergovernmental	
  Panel	
  on	
  Climate	
  Change	
  (IPCC)	
  Physical	
  Science	
  FAQ;	
  

3.  Somerville	
  &	
  Hassol	
  –	
  Physics	
  Today	
  ar1cle	
  on	
  Climate	
  Communica1on;**	
  

4.  NAEP	
  –	
  released	
  items	
  2009	
  and	
  2012	
  ,	
  Physical,	
  	
  Earth	
  &	
  Space	
  Science;**	
  

5.  Ques1onnaires	
  whose	
  analysis	
  resulted	
  in	
  the	
  Six	
  Americas	
  Report;	
  and	
  

6.  Research	
  papers	
  on	
  misconcep1ons	
  (e.g.	
  Buhr	
  &	
  McCaffery	
  2008	
  	
  in	
  Physical	
  
Geography,	
  Shepardson	
  et	
  al.	
  2010	
  in	
  Clima4c	
  Change).	
  

**	
  =	
  focus	
  of	
  commentary	
  in	
  oral	
  presenta1on	
  



Item	
  Categories	
  
Possible	
  Sub-­‐scoring	
  Valida1on	
  

To	
  be	
  explored	
  further	
  via	
  factor	
  analysis	
  

1.  Basic	
  Weather	
  &	
  Climate	
  (BWC)	
  

2.  Systems,	
  Cycles,	
  Feedbacks	
  (SYS-­‐CYC)	
  

3.  GH	
  Effect	
  &	
  CO2	
  Literacy	
  (GH-­‐CO2)	
  
4.  Consequences	
  of	
  Climate	
  Change	
  (CONSQ)	
  

5.  Scien1sts	
  on	
  Climate	
  Change	
  (SoCC)	
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The	
  Concept	
  Inventory	
  on	
  Climate	
  Change	
  

•  However,	
  the	
  instrument	
  ALSO	
  includes	
  a	
  subset	
  of	
  basic	
  
weather	
  and	
  climate	
  concepts	
  that	
  support	
  understanding	
  
of	
  climate	
  change	
  and	
  its	
  consequences.	
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The	
  CICC	
  has	
  been	
  developed	
  in	
  the	
  context	
  of	
  a	
  popular	
  
introductory	
  weather	
  and	
  climate	
  lab/lecture	
  course	
  at	
  a	
  
southeastern	
  research	
  university	
  (N~400-­‐500	
  per	
  semester).	
  



Sample	
  GEOG	
  1112	
  Demographics	
  
Fall	
  2013	
  Semester	
  	
  N	
  ~	
  500	
  

•  ~66	
  %	
  Freshmen	
  or	
  Sophomores	
  
•  ~49	
  %	
  <	
  20	
  years	
  of	
  age	
  

•  ~08	
  %	
  STEM	
  majors	
  	
  
•  ~12	
  %	
  Educa1on	
  or	
  Communica1on	
  majors	
  

•  ~51	
  %	
  Female	
  
•  ~28%	
  White;	
  	
  53%	
  Black;	
  	
  9%	
  Asian;	
  	
  9%	
  Hispanic	
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Concept	
  Inventory	
  for	
  Climate	
  Change	
  
Development	
  Process	
  

The	
  CICC	
  development	
  process	
  has	
  involved	
  data-­‐
driven	
  changes	
  to	
  successive	
  versions.	
  Data	
  sources	
  
have	
  included:	
  

•  item	
  sta1s1cs	
  from	
  the	
  administra1on	
  of	
  progressively	
  
evolved	
  versions	
  of	
  the	
  CICC	
  in	
  the	
  weather	
  and	
  climate	
  
course;	
  

•  student	
  group	
  interviews	
  	
  (conceptual	
  “think	
  aloud”	
  
conversa1ons,	
  vocabulary,	
  and	
  graphics	
  reviews	
  immediately	
  
aher	
  taking	
  the	
  CICC;	
  	
  

•  expert	
  review	
  by	
  climate	
  scien1sts,	
  educators,	
  and	
  project	
  
evaluators	
  based	
  primarily	
  in	
  the	
  US	
  and	
  Canada.	
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VERY	
  HIGH	
  

	
  HIGH	
  

MODERATE	
  

LOW	
  

0	
  

5	
  

10	
  

15	
  

20	
  

SCI	
   PED	
   COM	
   USE	
   DEV	
  

Spectrum	
  of	
  ExperEse	
  –	
  33	
  Reviewers	
  	
  

Each	
  reviewer	
  could	
  
choose	
  up	
  to	
  three	
  
types	
  of	
  exper1se	
  

Spectrum	
  of	
  Reviewer	
  Exper1se	
  
For	
  purposes	
  of	
  this	
  review,	
  the	
  
primary	
  experEse	
  you	
  bring	
  is…	
  

SCI:	
  	
  	
  	
  Climate	
  Science	
  

PED:	
  	
  	
  Pedagogy	
  of	
  Climate	
  Science	
  

COM:	
  CommunicaEon	
  of	
  Climate	
  Science	
  

USE:	
  	
  	
  Use	
  of	
  Assessment	
  Tools	
  	
  

DEV:	
  	
  	
  Development	
  of	
  Assessment	
  Tools	
  



FINAL	
  ROUND	
  of	
  EXPERT	
  REVIEWERS	
  

6/1/15	
   C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  

Team	
  A	
  

Team	
  B	
   Team	
  C	
  



The	
  Mantra	
  of	
  Good	
  Item	
  Development	
  
The	
  mantra	
  of	
  good	
  item	
  development	
  is:	
  	
  

	
  *	
  The	
  student	
  who	
  understands,	
  gets	
  it	
  right:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  **	
  The	
  student	
  who	
  doesn't	
  understand,	
  gets	
  it	
  wrong.	
  
	
  NOT	
  as	
  easy	
  as	
  it	
  may	
  sound…	
  

THE	
  STUDENT…	
  
Gets	
  Item	
  	
  
RIGHT	
  

Gets	
  Item	
  	
  
WRONG	
  

KNOWS	
  
"	
  

*YES!	
  
(Accuracy.	
  No	
  ambiguity)	
  

#	
  
NO	
  	
  

(Student	
  is	
  fooled.)	
  

DOES	
  NOT	
  
KNOW	
  

#	
  
NO	
  

(Student	
  guesses	
  right.)	
  

"	
  
**YES!	
  	
  

(Use	
  misconcep1ons	
  as	
  
distractors)	
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CICC	
  SAMPLE	
  ITEM	
  	
  
Benefit	
  of	
  Expert	
  Review	
  
Avoid	
  making	
  it	
  too	
  easy	
  to	
  guess	
  

A.  The high temperature today was 30°C (86°F). 
B.  Ten centimeters (Four inches) of rain fell on 18 September 2010. 
C.  The high humidity this past week has been very unpleasant for working outside. 
D.  The average yearly snowfall is 218 centimeters (86 inches).  

1.   Climate scientists and research meteorologists distinguish between  “weather” and 
“climate”.   Which statement is more about the climate of a town? 



NEW	
  CONCEPTUAL	
  ISSUES?	
  

SPRING	
  2013	
  PRE	
  	
  	
  [17,	
  3,	
  33,	
  47]	
  

FALL	
  2013	
  PRE	
  	
  	
  [24,	
  3,	
  29,	
  44]	
  

6/1/15	
   C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  

Using	
  the	
  item	
  prior	
  to	
  	
  
Expert	
  Review	
  

Using	
  the	
  item	
  above	
  	
  
aher	
  modified	
  

	
  by	
  Expert	
  Review	
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CICC	
  SAMPLE	
  ITEM	
  	
  
Benefit	
  of	
  Expert	
  Review	
  	
  

Avoid	
  confounding	
  the	
  knowledgeable	
  student	
  

A.  The high temperature today was 30°C (86°F). 
B.  Ten centimeters (Four inches) of rain fell on 18 September 2010. 
C.  The high humidity this past week has been very unpleasant for working outside. 
D.  The average yearly snowfall is 218 centimeters (86 inches).  

1.   Climate scientists and research meteorologists distinguish between  “weather” and 
“climate”.   Which statement is more about the climate of a town? 



Concept	
  Inventory	
  for	
  Climate	
  Change	
  
Frequent	
  Reference	
  to	
  Sources	
  of	
  Data	
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Recrui1ng	
  addi1onal	
  Pilot	
  Test	
  Sites	
  
outside	
  of	
  the	
  developmental	
  context	
  for	
  Spring	
  
2014	
  semester.	
  	
  Please	
  contact	
  cmorrow@agci.org	
  



If	
  you	
  are	
  interested	
  to	
  be	
  a	
  CICC	
  pilot	
  
test	
  site	
  in	
  the	
  Spring	
  2014	
  Semester,	
  
or	
  if	
  you	
  have	
  quesEons	
  or	
  ideas,	
  

related	
  to	
  the	
  CICC,	
  please	
  contact...	
  

6/1/15	
   C.	
  Morrow	
  	
  -­‐	
  cmorrow@agci.org 	
  	
  

Cherilynn	
  A.	
  Morrow,	
  PhD	
  
Senior	
  Research	
  Fellow	
  –	
  Science	
  Educa1on	
  

Aspen	
  Global	
  Change	
  Ins1tute	
  
cmorrow@agci.org	
  


