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Homework Review: Reflection 
Prompts

•  OSS	  2.3:	  
•  Explain	  how	  carbon	  might	  move	  from	  the	  atmosphere	  and	  
eventually	  end	  up	  in	  you.	  

•  How	  might	  cu>ng	  down	  forests	  affect	  CO2	  levels	  in	  the	  
atmosphere?	  

•  What	  do	  you	  think	  might	  happen	  to	  a	  plant	  grown	  where	  
there	  is	  less	  CO2	  in	  the	  air?	  

•  OSS	  2.6	  and	  2.7:	  	  
•  Explain	  how	  carbon	  might	  move	  from	  an	  organism	  that	  dies	  
and	  eventually	  ends	  up	  in	  the	  atmosphere.	  

•  Explain	  why	  we	  find	  carbon	  in	  rocks,	  like	  limestone?	  
•  How	  does	  human	  acHvity	  affect	  the	  flow	  of	  carbon	  between	  
reservoirs?	  



Discuss the reflections with a 
partner using these prompts …
a.  AKer	  responding	  to	  the	  reflecHon	  prompts,	  what	  quesHons	  do	  you	  

sHll	  have?	  

b.  Choose	  two	  reflecHon	  prompts	  and	  discuss	  how	  middle	  school	  
students	  might	  respond	  to	  each.	  Do	  students	  have	  enough	  
informaHon	  from	  the	  sessions	  to	  aNempt	  an	  answer?	  	  

c.  How	  might	  using	  the	  reflecHon	  prompts	  with	  students	  help	  a	  teacher	  
to	  understand	  where	  students	  are	  in	  their	  understanding	  of	  the	  
science	  concepts?	  

d.  What	  ah-‐ha’s	  did	  you	  have	  about	  the	  types	  of	  quesHons	  used	  in	  the	  
reflecHon	  prompts?	  

e.  As	  a	  teacher,	  how	  would	  you	  use	  these	  quesHons?	  



Session Goals 

•  Climate	  science	  ideas:	  Carbon	  flows	  between	  the	  land,	  the	  
ocean	  and	  atmosphere	  through	  many	  different	  processes	  as	  
part	  of	  the	  carbon	  cycle.	  	  

•  Using	  data:	  Use	  data	  to	  make	  conclusions	  and	  relate	  it	  to	  a	  
broader	  science	  concept.	  Use	  strategies	  to	  develop	  testable	  
quesHons	  to	  explore	  using	  authenHc	  data.	  Introduce	  the	  
Final	  Project	  Guideline	  used	  to	  develop	  a	  data-‐based	  lesson.	  

•  Teaching	  and	  learning:	  Review	  the	  Learning	  Cycle	  
instrucHonal	  model	  and	  examine	  the	  possibiliHes	  and	  
limitaHons	  for	  learning	  in	  the	  design	  of	  different	  acHviHes.	  

•  Framework/NGSS:	  Learn	  about	  the	  Big	  Ideas	  of	  Systems	  
and	  System	  Models	  and	  Scale,	  ProporHon	  and	  QuanHty,	  and	  
discuss	  how	  they	  support	  conceptual	  understanding.	  











Investigating the question– 
how can CO2 from the 

atmosphere get into the ocean?  


• Work	  with	  your	  small	  group	  to	  design	  an	  
invesHgaHon,	  using	  the	  materials	  on	  the	  tray,	  to	  
answer	  the	  guiding	  quesHon.	  

•  Explore	  materials	  on	  tray,	  but	  don’t	  open	  jars	  yet	  
•  Containers	  of	  water	  and	  air	  represent	  the	  ocean	  and	  
atmosphere.	  

•  BTB	  has	  been	  added	  to	  the	  water	  (serves	  as	  a	  proxy	  for	  
CO2)	  



Planning investigations

• Use	  the	  following	  prompts	  as	  you	  discuss	  ideas	  for	  
how	  to	  invesHgate	  the	  quesHon:	  

• What	  would	  happen	  if	  we____________?	  
•  That	  would	  tell	  us	  that	  _______	  about	  the	  real	  ocean.	  

• Be	  ready	  to	  share	  your	  ideas	  with	  the	  class.	  



Carry out Investigations

• Do	  as	  many	  of	  the	  invesHgaHons	  as	  you	  can	  in	  5	  
minutes.	  

• Describe	  what	  you	  noHce	  and	  discuss	  possible	  
claims	  using	  evidence	  that	  answers	  the	  quesHon:	  

•  How	  can	  CO2	  from	  the	  atmosphere	  get	  into	  the	  ocean?	  

• Be	  ready	  to	  share	  your	  claims	  and	  reasoning	  with	  
the	  class.	  



What claim can you make 
based on these results? 





Review Homework Prompts & 
Notes 
•  Explain	  how	  carbon	  might	  move	  from	  the	  atmosphere	  and	  
eventually	  end	  up	  in	  you.	  

•  How	  might	  cu>ng	  down	  forests	  affect	  CO2	  levels	  in	  the	  atmosphere?	  Describe	  the	  carbon	  cycle	  processes	  that	  are	  
involved	  in	  your	  predicHon.	  	  

• What	  do	  you	  think	  might	  happen	  to	  a	  plant	  grown	  where	  
there	  is	  less	  CO2	  in	  the	  air?	  Explain	  your	  answer.	  

•  Explain	  how	  carbon	  might	  move	  from	  an	  organism	  that	  dies	  
and	  eventually	  ends	  up	  in	  the	  atmosphere.	  

•  How	  does	  human	  acHvity	  affect	  the	  flow	  of	  carbon	  between	  
reservoirs?	  

•  Considering	  how	  fossil	  fuels	  form,	  why	  are	  some	  people	  
worried	  about	  running	  out	  of	  fossil	  fuels?	  What	  do	  you	  
think	  about	  this?	  



Turn & Talk

• AKer	  responding	  to	  the	  reflecHon	  prompts	  for	  
homework,	  	  

• What	  quesHons	  do	  you	  sHll	  have	  about	  photosynthesis,	  
respiraHon	  and	  fossil	  fuels?	  

•  How	  might	  using	  the	  reflecHon	  prompts	  with	  students	  
help	  a	  teacher	  to	  understand	  where	  they	  are	  in	  their	  
understanding	  of	  the	  science	  concepts?	  





Turn & Talk 

• Discuss	  your	  diagram	  with	  a	  partner	  
• Encourage	  each	  other	  to	  provide	  details	  
and	  raHonale	  for	  your	  ideas	  and	  
addiHons	  

• Add	  to	  your	  diagram	  based	  on	  the	  
discussion	  
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Session 2.6
Detecting Decaying or 
Buried Bodies

What	  happens	  to	  the	  carbon	  in	  organisms	  aKer	  they	  die?	  
Could	  the	  answer	  be	  different	  depending	  on	  where	  the	  organism	  dies?	  



Think individually then be 
ready to share whole group
• Carbon	  flows	  into	  reservoirs	  of	  coal,	  crude	  oil,	  and	  
limestone	  when	  organisms	  die.	  This	  process	  takes	  a	  
VERY	  long	  Hme.	  	  

•  How	  do	  you	  think	  carbon	  might	  come	  out	  of	  these	  
reservoirs?	  

• Answers:	  	  
•  Fossil	  fuel	  reservoirs:	  Natural	  leakage	  and	  breakdown	  of	  
fossil	  fuels;	  and	  human	  industry	  -‐	  combusHon.	  

•  Limestone	  reservoirs:	  weathering,	  volcanic	  erupHons;	  
and	  human	  industry	  -‐	  making	  cement.	  	  





Where is the carbon in the Sydney Harbor ecosystem?  
 
Label any additional reservoirs & carbon flows you learned about. 
Record new questions & try to answer your previous questions.   




Carbon cycle activity stations

• Goal:	  	  
•  to	  arrive	  at	  a	  deeper	  understanding	  of	  this	  complex	  
system	  while	  also	  thinking	  about	  how	  you	  are	  making	  
sense	  of	  the	  concepts	  

•  Reflect	  on	  how	  the	  staHons	  could	  be	  sequenced	  into	  the	  
learning	  cycle	  

InvitaHon	  

ExploraHon	  

Concept	  
InvenHon	  ApplicaHon	  

ReflecHon	  



As you engage with the 3 
stations, reflect on the learning 
experience–
• What	  do	  you	  think	  the	  specific	  content	  
learning	  goals	  are	  for	  each	  staHon?	  (Why	  
was	  this	  parHcular	  acHvity	  included?)	  	  

• What	  is	  one	  piece	  of	  science	  content	  you	  are	  
taking	  away?	  Were	  you	  able	  to	  answer	  some	  
of	  your	  quesHons?	  

• What	  addiHonal	  quesHons	  about	  the	  content	  
arise	  for	  you	  as	  you	  engage	  in	  the	  acHviHes?	  
Record	  your	  quesHons.	  



Carbon Cycle Investigation 
Stations

•  3	  staHons;	  12	  min	  
each	  

• Work	  in	  teams	  
•  Follow	  the	  
instrucHons	  

• Clean	  up	  the	  StaHon	  
for	  the	  next	  group	  

• Write	  down	  answers	  
to	  quesHon	  prompts	  



Quick Write – What I want to 
remember

•  Think	  about	  the	  science	  
content	  you	  learned	  &	  
record	  what	  you	  want	  
to	  remember	  	  

• What	  helped	  you	  to	  
learn	  the	  content?	  

• Write	  a	  key	  concept	  for	  
each	  staHon	  

• What	  quesHons	  do	  you	  
sHll	  have?	  





Designing  experiences  to  support  
learning

•  Learning	  goals	  affect	  what	  experiences	  are	  offered	  
and	  how	  they	  are	  designed.	  	  

-  How	  were	  you	  engaging	  with	  the	  materials	  and	  content	  in	  the	  
different	  staHon	  acHviHes	  to	  learn	  about	  the	  carbon	  cycle?	  

-  What	  do	  you	  think	  the	  content	  learning	  goal	  or	  purpose	  was	  
for	  each	  of	  the	  individual	  staHons?	  



Sta;on  A:  Open-‐ended  
explora;on

• What	  was	  your	  reacHon	  to	  the	  staHon?	  
• What	  were	  the	  possibiliHes	  &	  limitaHons?	  

-  What	  were	  you	  able	  to	  do	  in	  the	  acHvity?	  
-  What	  were	  you	  not	  able	  to	  do	  in	  the	  acHvity?	  



Sta;on  B:  Structured    
ac;vity

• What	  was	  your	  reacHon	  to	  the	  staHon?	  
• What	  were	  the	  possibiliHes	  &	  limitaHons?	  

-  What	  were	  you	  able	  to	  do	  in	  the	  acHvity?	  
-  What	  were	  you	  not	  able	  to	  do	  in	  the	  acHvity?	  



Sta;on  C:  Guided    
discovery

• What	  was	  your	  reacHon	  to	  the	  staHon?	  
• What	  were	  the	  possibiliHes	  &	  limitaHons?	  

-  What	  were	  you	  able	  to	  do	  in	  the	  acHvity?	  
-  What	  were	  you	  not	  able	  to	  do	  in	  the	  acHvity?	  



What  science  concept  learning  goals  
might  be  addressed  by  each  sta;on?  
•  StaHon	  A	  	  

•  see	  the	  carbon	  cycle	  in	  a	  new	  and	  yet	  familiar	  way	  since	  it	  is	  designed	  
to	  be	  similar	  to	  the	  carbon	  cycle	  diagram	  you’ve	  been	  working	  on.	  	  

•  the	  interacHve	  diagram	  provided	  addiHonal	  informaHon	  to	  answer	  
quesHons	  that	  arise	  through	  the	  small	  group	  discussions.	  	  

•  StaHon	  B	  
•  designed	  to	  specifically	  address	  the	  common	  misconcepHon	  that	  Earth	  
is	  ge>ng	  more	  carbon,	  rather	  than	  that	  essenHally	  no	  new	  carbon	  is	  
entering	  the	  system;	  rather	  it	  is	  cycling	  more	  quickly	  between	  the	  
reservoirs.	  	  

•  human	  acHviHes	  have	  taken	  carbon	  which	  was	  stored	  long-‐term	  in	  the	  
fossil	  fuel	  reservoirs,	  and	  caused	  it	  to	  flow	  much	  more	  rapidly	  than	  it	  
naturally	  would	  into	  the	  atmosphere	  and	  ocean	  reservoirs.	  

•  StaHon	  C	  
•  work	  together	  to	  learn	  more	  about	  the	  carbon	  cycle,	  while	  also	  
realizing	  what	  you	  know	  and	  don’t	  know	  about	  the	  carbon	  cycle.	  	  

•  opportunity	  to	  make	  sense	  of	  the	  content	  in	  individual	  ways	  as	  there	  
are	  many	  correct	  ways	  to	  make	  the	  model.	  



The  Learning  Cycle

InvitaHon	  

ExploraHon	  

Concept	  
InvenHon	  ApplicaHon	  

ReflecHon	  



Phase	  of	  Learning	  
Cycle	  

Carbon	  Cycle	  AcCvity	  StaCon	  

InvitaHon	   Sydney	  Harbor	  Sketch	  and	  recording	  quesHons;	  interacHve	  
computer	  model	  
	  

ExploraHon	   The	  interacHve	  computer	  model,	  and	  the	  tabletop	  diagram	  

Concept	  
InvenHon	  

The	  tabletop	  diagram,	  paperclip	  model,	  revisiHng	  diagram	  and	  
discussing	  quesHons	  and	  concepts.	  	  

ApplicaHon	   Introduce	  the	  second	  interacHve	  computer	  model,	  “Change	  the	  
Flow”	  and	  describe	  it	  as	  providing	  scenarios	  and	  opportuniHes	  to	  
describe	  and	  provide	  evidence	  and	  reasoning	  about	  what	  will	  
happen.	  
	  

ReflecHon	   Quick	  write	  about	  what	  was	  learned,	  how	  it	  was	  learned,	  and	  
generaHng	  new	  quesHons;	  discussion	  of	  crosscu>ng	  concepts	  
coming	  up	  at	  the	  end	  of	  this	  session	  



Five Foundational Ideas

• Learning is an active process to construct 
understanding.  

• Learning builds on prior knowledge.   
• Learning occurs in a complex social 

environment and is a social activity.  
• Learning should be situated in an authentic 

context. 
• Learning is affected by motivation and 

cognitive engagement. 



Crosscutting Concepts

• Read	  NRC	  Framework,	  pp.	  89-‐94;	  and	  in	  addiHon	  
•  One-‐half	  will	  read	  about	  Systems	  and	  System	  Models	  
and	  the	  other	  half	  about	  Scale,	  Propor9on,	  and	  
Quan9ty.	  Use	  the	  AcHve	  Reading	  strategies.	  

• When	  you	  finish,	  pair	  up	  with	  someone	  else	  who	  
read	  the	  same	  crosscu>ng	  concept.	  	  

•  Discuss	  ideas	  from	  the	  reading	  —	  what	  you	  found	  
interesHng,	  and/or	  confusing	  and	  try	  to	  answer	  each	  
other’s	  quesHons.	  



Turn & Talk about your 
crosscutting concept

•  Systems	  and	  System	  Models:	  the	  Carbon	  Cycle	  diagrams,	  the	  
InteracHve	  Carbon	  Cycle	  animaHon,	  the	  Carbon	  Cycle	  game	  and	  the	  Carbon	  
Flow	  cards	  represent	  what	  we	  know	  about	  this	  system	  -‐	  they	  are	  models.	  
Discuss	  the	  following:	  

•  What	  are	  the	  parts	  and	  sub-‐systems	  that	  make	  up	  this	  system?	  How	  do	  
they	  work	  together?	  

•  How	  can	  our	  system	  models	  be	  made	  more	  accurate?	  What	  predicHons	  
can	  we	  make	  using	  the	  models?	  

•  What	  kind	  of	  data	  could	  help	  us	  understand	  this	  system?	  What	  would	  
the	  data	  tell	  us	  about	  the	  system?	  

•  Scale,	  Propor4on	  and	  Quan4ty:	  In	  thinking	  scienHfically	  about	  any	  
system	  and	  processes,	  it	  is	  essenHal	  to	  recognize	  that	  there	  is	  variability	  in	  
size	  and/or	  Hme	  span,	  and	  in	  the	  relaHonships	  between	  the	  scales	  of	  the	  
different	  quanHHes.	  Consider	  the	  role	  of	  Scale,	  ProporHon,	  and	  QuanHty	  in	  
how	  we	  learned	  about	  the	  Carbon	  Cycle.	  Discuss	  the	  following:	  	  

•  What	  scales	  or	  proporHons	  or	  quanHHes	  were	  included	  in	  the	  Carbon	  
Cycle	  models?	  	  

•  How	  did	  including	  this	  informaHon	  affect	  your	  understanding	  of	  the	  
Carbon	  Cycle	  and	  the	  predicHons	  you	  could	  make?	  	  



Think Pair Share
•  How	  does	  framing	  what	  we	  know	  about	  the	  Carbon	  
Cycle	  through	  the	  lens	  of	  	  Ma7er	  and	  Energy	  affect	  a	  
learner’s	  understanding?	  What	  makes	  you	  think	  that?	  

•  Those	  who	  read	  about	  Systems	  and	  System	  Models:	  
How	  does	  framing	  what	  we	  know	  about	  the	  Carbon	  
Cycle	  as	  a	  system	  affect	  a	  learner’s	  understanding?	  
What	  makes	  you	  think	  that?	  

•  Those	  who	  read	  about	  Scale,	  Propor4on,	  and	  Quan4ty:	  
How	  does	  framing	  what	  we	  know	  about	  the	  Carbon	  
Cycle	  through	  the	  lens	  of	  scale,	  proporHon	  and	  quanHty	  
affect	  a	  learner’s	  understanding?	  What	  makes	  you	  
think	  that?	  



Introduction to the Final 
Project

• Opportunity	  to	  show	  what	  you’ve	  learned	  and	  	  
includes	  the	  following	  components:	  

•  Use	  of	  real	  or	  near-‐real	  Hme	  data,	  ideally	  local	  data,	  which	  helps	  to	  
develop	  an	  explanaHon	  of	  a	  climate	  science	  related	  concept	  

•  IncorporaHon	  of	  the	  learning	  cycle	  instrucHonal	  model	  into	  the	  
design	  of	  the	  lesson	  

•  DemonstraHon	  of	  knowledge	  of	  3-‐dimensional	  teaching	  and	  
learning	  through	  specifically	  addressing	  crosscu>ng	  concepts,	  
science	  and	  engineering	  pracHces,	  and	  disciplinary	  core	  ideas	  (e.g.	  
performance	  expectaHons)	  

•  DemonstraHon	  of	  understanding	  of	  a	  climate	  science	  concept(s)	  





Topic Area Questions 

• Narrowing	  a	  quesHon	  about	  a	  topic	  area	  down	  to	  a	  
quesHon	  that	  can	  actually	  be	  invesHgated	  and	  
answered	  using	  data	  is	  a	  huge	  accomplishment	  and	  
challenge	  (for	  scienHsts	  too).	  	  

• QuesHons	  that	  are	  invesHgated	  using	  data	  can	  be	  
called	  testable.	  	  





Choosing a topic area question

• Review	  the	  Topic	  Areas	  and	  Topic	  Area	  QuesHons	  
• Choose	  one	  you	  are	  interested	  in	  and	  find	  a	  partner	  
interested	  in	  the	  same	  one.	  

• Homework:	  get	  started	  on	  the	  final	  project	  with	  
your	  partner	  by:	  

•  ge>ng	  more	  informaHon	  about	  the	  climate	  Topic	  Area	  
that	  their	  Topic	  Area	  QuesHon	  is	  focusing	  on,	  and	  	  

•  answering	  a	  few	  related	  quesHons	  (see	  homework	  
assignment).	  	  



Quick Write–Testable 
questions
	  
What	  criteria	  do	  you	  think	  would	  be	  included	  in	  
determining	  whether	  a	  quesHon	  is	  testable	  or	  not?	  



  
  
 Characteristics of Testable Questions 
“Smart Questions”   
  
 •  Specific	  (not	  too	  broad)	  –	  a	  testable	  quesHon	  begins	  

with	  How,	  What,	  When,	  Who,	  or	  Which,	  (not	  Why,	  Is,	  
or	  Does).	  

• Measureable	  (there	  are	  datasets	  available	  to	  answer	  
the	  quesHon)	  –	  a	  testable	  quesHon	  can’t	  be	  answered	  
just	  by	  doing	  reading.	  

•  Achievable	  (the	  quesHon	  is	  able	  to	  be	  invesHgated	  with	  
data)	  –	  data	  are	  available	  to	  and	  accessible	  by	  you.	  

•  Relevant	  (who	  cares	  and	  why	  do	  they	  care)	  –	  you	  can	  
explain	  why	  you	  care	  about	  asking	  the	  quesHon	  

•  Temporally	  and	  SpaHally	  bound	  –	  the	  quesHon	  includes	  
when	  and	  where	  the	  data	  are	  coming	  from	  



Sample Student Investigation 
Questions



Work with a partner to refine one 
student question so that it 
becomes testable



Expert groups work together

• Partners	  share	  revisions	  with	  another	  pair	  that	  
worked	  on	  the	  same	  quesHon.	  

• Come	  to	  a	  consensus	  that	  best	  aligns	  with	  the	  
Characteris9cs	  of	  testable	  ques9ons.	  



Student Question Reflection
•  Are	  there	  are	  any	  addiHonal	  supports	  that	  might	  help	  your	  

students	  to	  ask	  testable	  quesHons?	  

•  What	  challenges	  did	  you	  encounter	  in	  refining	  the	  student	  
quesHons?	  

	  



Homework

•  Science	  Topic	  Area	  paper	  (completed	  individually).	  
•  See	  handout	  for	  more	  details	  

• Become	  familiar	  with	  the	  Ocean	  Literacy	  Principles	  
and	  Ocean	  Literacy	  Scope	  &	  Sequence	  

•  Available	  at	  oceanliteracy.net	  


