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A	  Shifting	  Focus	  

From	  Instruc<onal	  Methods	  
• to	  

Teaching	  for	  Understanding	  
• Or	  “Teaching	  with	  Learning	  in	  
Mind”	  



A	  Shifting	  Focus	  

From	  “Poten<al	  Scien<sts”	  
• To	  

All	  Students	  
• Other	  Smart	  Kids,	  I	  Don’t	  Know	  
Kids,	  Outsiders	  





Degrees	  across	  All	  Science	  &	  Engineering	  Fields:	  	  
	  Men	  vs.	  Women	  

38.5%	  44.9%	  50.5%	  
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All	  Other	  

Underrepresented	  
Minori<es	  11.7%	   5.6%	  

Degrees	  across	  All	  Science	  &	  Engineering	  Fields:	  	  
	  	  Highly	  Represented	  vs.	  Underrepresented	  Groups	  

16.7%	  



“Science,	  like	  all	  professions,	  needs	  to	  
reproduce	  itself	  nonbiologically.	  But	  by	  seeking	  
a^ributes	  and	  a_tudes	  much	  like	  their	  own,	  
scien<sts	  inhibit	  recruitment	  from	  outside	  
familiar	  channels.	  From	  this	  perspec<ve,	  the	  
low	  representa<on	  of	  women	  as	  well	  as	  racial	  
and	  ethnic	  minori<es	  in	  science	  may	  not	  be	  the	  
result	  of	  social	  discrimina<on	  per	  se	  .	  .	  .	  but	  of	  
too	  narrow	  a	  vision	  of	  what	  kinds	  of	  a^ributes,	  
behaviors	  and	  lifestyles	  the	  ‘true’	  scien<st	  
displays.”	  (Tobias,	  1990,	  p.	  11)	  



Transmission	  Model	  of	  Learning	  

Content	  
• Transmi^ed	  by	  

Teacher	  	  
• More	  or	  less	  
crea<vely	  to	  

Student	  
• Who	  has	  to	  
make	  sense	  of	  it	  





We	  have	  to	  change	  	  
the	  game	  of	  school	  from	  
	  “Get	  the	  Right	  Answers”	  
to	  “Work	  with	  Others	  to	  
	  Inves;gate	  Interes;ng	  
	  Ques;ons.”	  	  	  
(Ackerly,	  R.	  	  2011)	  
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Transmission	  Model	  of	  Learning	  

Content	  
• Transmi^ed	  by	  

Teacher	  	  
• More	  or	  less	  
crea<vely	  to	  

Student	  
• Who	  has	  to	  
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What	  understandings	  are	  we	  hoping	  for?	  	  

• Scien<fic	  explana<ons	  of	  the	  natural	  world	  
• Scien<fic	  evidence	  and	  explana<ons	  
• The	  nature	  and	  development	  of	  scien<fic	  
knowledge	  
• Scien<fic	  prac<ces	  and	  discourse	  
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Inquiry	  
Stance	  

Disciplinary	  
Knowledge	  

Pedagogical	  
Content	  

Knowledge	  



Disciplinary	  Knowledge	  
• Substan<ve	  
• Epistemological	  
• Beyond	  “what”	  to	  “why”	  and	  “how”	  
• Supported	  by	  coursework,	  authen<c	  
experiences	  



Pedagogical	  Content	  Knowledge	  (PCK)	  	  

• Combines	  disciplinary	  and	  teaching	  knowledge	  	  
• Translates	  disciplinary	  knowledge	  for	  diverse	  
learners	  
• Supported	  by	  experience	  and	  reflec<on	  
	  



Collabora<ve	  	  
Inquiry	  
Cycle	   Elicit	  Students’	  

Ideas	  

Make	  Sense	  of	  Students’	  
Ideas	  in	  rela<on	  to	  
•  Learning	  goals	  
•  Facets	  of	  Concept	  
•  Context	  of	  Learner	  
•  Instruc<on	  

Develop	  New	  
Models,	  

Representa<ons,	  
Learning	  Ac<vi<es	  

Implement	  in	  
the	  Classroom	  	  



Making	  Sense	  of	  Students’	  Ideas	  

Anecdotal,	  no	  student	  work	  present:	  
Tchr	  1:	  I	  think	  kids	  are	  understanding	  their	  labs	  a	  li^le	  
bit	  be^er.	  	  

Tchr	  2:	  I	  agree.	  Doing	  it	  this	  way	  seems	  like	  I	  have	  a	  lot	  
fewer	  kids	  who	  are	  just	  lost.	  Asking	  me,	  “What	  do	  I	  
do?”	  type	  of	  thing.	  

	  
Not	  so	  powerful	  



Sharing	  Data	  –	  More	  Powerful	  

•  Tchr	  1:	  	  I	  thought	  this	  conclusion	  was	  really	  wordy,	  I’m	  looking	  at	  
it,	  you	  can’t	  see	  a	  difference,	  you	  see	  all	  these	  numbers	  ge_ng	  
whipped	  around	  in	  there	  –	  

•  Tchr	  2:	  That	  one	  took	  me	  a	  long	  <me	  to	  grade.	  
•  Tchr	  1:	  I’m	  looking	  at	  it,	  I	  read	  it	  over,	  and	  I’m	  like	  this	  isn’t	  very	  
good,	  just	  because	  he	  wrote	  a	  lot,	  it’s	  nice	  handwri<ng	  and	  he’s	  
got	  some	  numbers,	  you	  can’t	  tell	  this	  kid	  knew	  the	  soil	  heated	  
up	  and	  cooled	  off	  faster	  than	  the	  water.	  I	  read	  this,	  I’m	  like	  this	  
kid	  didn’t	  get	  it.	  

•  Tchr	  2:	  I	  think	  he	  had	  all	  the	  stuff	  that’s	  required,	  but	  yeah,	  from	  
a	  standpoint	  of	  wording,	  yeah,	  there’s	  a	  lot	  of	  fluff	  in	  there.	  

•  Tchr	  1:	  When	  you	  look	  at	  it,	  it’s	  pre^y	  organized,	  but	  when	  you	  
read	  it	  

•  Tchr	  3:	  We	  all	  agree	  that	  the	  high	  and	  low	  data	  needs	  to	  be	  the	  
total	  temperature	  change	  at	  the	  bo^om?	  
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Links	  students’	  understandings	  to:	  
ü 	  Learning	  goals	  (draws	  on	  Disciplinary	  Knowledge)	  
ü Instruc<onal	  prac<ces	  (draws	  on	  PCK)	  
ü Conceptual	  framework	  
Beyond	  “got	  it”	  or	  “didn’t	  get	  it”	  



School	  science	  [should]	  be	  presented	  in	  an	  
everyday	  context	  relevant	  to	  students	  [and]	  
represented	  in	  an	  intellectually	  honest	  way	  .	  .	  .	  	  

[There	  is]	  disturbing	  evidence	  that	  tradi<onal	  
school	  science	  is	  actually	  discouraging	  bright	  
students	  from	  choosing	  science-‐and	  technology-‐
based	  careers.	  (Ryan	  &	  Aikenhead,	  1992)	  	  





Elicit	  Students’	  
Ideas	  

Make	  Sense	  of	  Students’	  
Ideas	  in	  rela<on	  to	  
•  Learning	  goals	  
•  Facets	  of	  Concept	  
•  Context	  of	  Learner	  
•  Instruc<on	  

Develop	  New	  
Models,	  

Representa<ons,	  
Learning	  Ac<vi<es	  

Implement	  in	  
the	  Classroom	  	  

Collabora<ve	  	  
Inquiry	  
Cycle	  
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