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The	
  Charge	
  

•  What	
  disciplinary	
  knowledge	
  do	
  beginning	
  
science	
  teachers	
  need	
  to	
  know?	
  

•  How	
  would	
  we	
  decide	
  whether	
  novice	
  
teachers	
  know	
  this	
  threshold	
  level	
  of	
  content	
  
knowledge	
  for	
  teaching?	
  

•  What	
  would	
  it	
  take	
  to	
  generate	
  agreement	
  
about	
  this	
  threshold	
  across	
  programs	
  and	
  
contexts?	
  



In	
  search	
  of…	
  

The	
  Well-­‐Started	
  Beginning	
  Science	
  	
  
Elementary	
  Teacher	
  



Taken	
  for	
  Granted	
  Ways	
  of	
  Thinking	
  about	
  
Teachers	
  and	
  Teacher	
  Educa3on	
  

Requires	
  Disrup3on	
  



Disrupt	
  Deficit	
  Framing	
  of	
  
Elementary	
  Teachers	
  

Elementary	
  Teachers	
  as	
  Superheroes	
  
	
  





Difficult	
  and	
  Complex	
  Work	
  

Mul3ple	
  Subject	
  Areas	
  
Curricular	
  Integra3on	
  (and	
  rule	
  breaking)	
  

ALL	
  Children	
  (all	
  the	
  3me)	
  



Knowledge	
  Heavy,	
  Prac3ce	
  Light	
  

Challenge	
  of	
  Teacher	
  Educa3on	
  

Grossman	
  et	
  al.,	
  1999	
  
	
  



Seeking	
  Coherence:	
  	
  
Disrup3ng	
  Silos	
  

Within	
  and	
  Beyond	
  the	
  University	
  



Produc3ve	
  School	
  Partnerships	
  

Elementary	
  Professional	
  Development	
  
School	
  (PDS)	
  

Prac33oner	
  Inquiry	
  as	
  Signature	
  Pedagogy	
  



Disciplinary	
  Knowledge	
  in	
  Science	
  

What	
  counts?	
  
Past	
  and	
  Present	
  



Disciplinary	
  Knowledge	
  in	
  Science	
  
•  Science	
  domains	
  

tradi3onally	
  defined	
  
•  Physics	
  
•  Biological	
  Sciences	
  
•  Geosciences	
  
•  Chemistry	
  

•  Engineering	
  /	
  STEM	
  
•  Blurred	
  boundaries	
  when	
  

applied	
  to	
  careers	
  and	
  
emergent	
  fields	
  

NRC	
  2012	
  



Life	
  Science Physical	
  Science 
LS1: 	
  From	
  Molecules	
  to	
  Organisms:	
  

Structures	
  and	
  Processes	
  
	
  

LS2:	
   	
  Ecosystems:	
  Interac3ons,	
  Energy,	
  and	
  
Dynamics	
  

	
  

LS3: 	
  Heredity:	
  Inheritance	
  and	
  Varia3on	
  of	
  
Traits	
  

	
  

LS4:	
   	
  Biological	
  Evolu3on:	
  Unity	
  and	
  Diversity	
  
	
  

PS1:	
  Maber	
  and	
  Its	
  Interac3ons	
  
	
  

PS2:	
  Mo3on	
  and	
  Stability:	
  Forces	
  and	
  
Interac3ons	
  

	
  

PS3:	
  Energy	
  
	
  

PS4:	
  Waves	
  and	
  Their	
  Applica3ons	
  in	
  
Technologies	
  for	
  Informa3on	
  Transfer	
  

Earth	
  &	
  Space	
  Science Engineering	
  &	
  Technology 
ESS1:	
  Earth’s	
  Place	
  in	
  the	
  Universe	
  
	
  

ESS2:	
  Earth’s	
  Systems	
  
	
  

ESS3:	
  Earth	
  and	
  Human	
  Ac3vity	
  

ETS1:	
  Engineering	
  Design	
  
	
  

ETS2:	
  Links	
  Among	
  Engineering,	
  Technology,	
  
Science,	
  and	
  Society	
  

Disciplinary Core Ideas 



Framework	
  for	
  K-­‐12	
  science	
  educa3on	
  

•  Ambi3ous	
  vision	
  for	
  
K-­‐12	
  students’	
  learning	
  
in	
  science	
  

•  Three-­‐dimensional	
  
learning	
  

•  Aben3on	
  to	
  
engineering	
  

•  Not	
  a	
  prescrip3on	
  for	
  
science	
  teaching	
  

NRC	
  2012	
  



Shids	
  in	
  Science	
  Teaching	
  Prac3ces	
  

From	
  science	
  content	
  to	
  3	
  dimensional	
  learning	
  
§  Facts	
  -­‐-­‐-­‐>	
  Big	
  (Core)	
  Ideas	
  
§  Skills	
  -­‐-­‐-­‐>	
  Prac3ces	
  
§  Discrete	
  -­‐-­‐-­‐>	
  Connected	
  

From	
  science	
  topics	
  to	
  explaining	
  phenomena	
  and	
  answering	
  
ques3ons	
  
From	
  teacher	
  telling	
  to	
  rich	
  ,	
  dialogic	
  classroom	
  discourse	
  

§  Making	
  thinking	
  visible	
  
§  Leveraging	
  students	
  ideas	
  to	
  move	
  the	
  lesson	
  forward	
  

From	
  “ac3vity-­‐mania”	
  to…	
  
§  Evidence-­‐based	
  scien3fic	
  explanaQons	
  and	
  modeling	
  
§  Coherent	
  sequence	
  of	
  learning	
  opportuni3es	
  

	
  



Three-­‐Dimensional	
  Learning	
  
Students	
  inves3gate,	
  explain,	
  and	
  predict	
  
phenomena	
  by	
  adop3ng	
  a	
  scien3fic	
  lens	
  and	
  
using	
  science	
  ideas.	
  
	
  
	
   Science and 

Engineering 
Practices 

Core Ideas Crosscutting 
Concepts 

	
  	
   	
  	
   	
  
	
  
	
  
	
  
	
  





DCIs	
  for	
  Elementary	
  Teachers	
  (K-­‐5)	
  



Scien3fic	
  &	
  Engineering	
  Prac3ces	
  

Asking	
  probing	
  ques3ons	
  and	
  
defining	
  problems	
  
	
  
Developing	
  and	
  using	
  models	
  
	
  
Planning	
  and	
  carrying	
  out	
  
inves3ga3ons	
  
	
  
Analyzing	
  and	
  interpre3ng	
  
data	
  
	
  

Using	
  mathema3cs	
  and	
  
computa3onal	
  thinking	
  
	
  
Developing	
  explana3ons	
  and	
  
designing	
  solu4ons	
  
	
  
Engaging	
  in	
  argument	
  from	
  
evidence	
  
	
  
Obtaining,	
  evalua3ng,	
  and	
  
communica3ng	
  informa3on	
  



NRC,	
  2012	
  

Three	
  Spheres	
  of	
  Ac3vity	
  for	
  	
  
Scien3sts	
  and	
  Engineers	
  



hbp://www.scienceprac3cesleadership.com	
  	
  



Who	
  is	
  novice	
  in	
  the	
  current	
  	
  
context	
  of	
  reform?	
  



Who	
  is	
  novice	
  in	
  the	
  current	
  	
  
context	
  of	
  reform?	
  

Most	
  rendered	
  novice	
  in	
  some	
  way	
  
Need	
  for	
  considera3on	
  across	
  the	
  

professional	
  con3nuum	
  



Frameworks	
  are	
  Powerful	
  

Grounding,	
  Guiding,	
  Coherence	
  and	
  
Conversa3on	
  



2009,	
  2007	
  
	
  

Framework	
  for	
  
Teaching	
  Elementary	
  	
  

School	
  Science	
  	
  
as	
  Argument	
  



2009,	
  2007	
  

Beyond	
  the	
  Litany	
  of	
  	
  
“Fun	
  Ac3vi3es”	
  

(i.e,	
  crads	
  and	
  snacks)	
  



Scien3fic	
  &	
  Engineering	
  Prac3ces	
  
Asking	
  probing	
  ques3ons	
  and	
  
defining	
  problems	
  
	
  
Developing	
  and	
  using	
  models	
  
	
  
Planning	
  and	
  carrying	
  out	
  
inves3ga3ons	
  
	
  
Analyzing	
  and	
  interpre3ng	
  
data	
  
	
  

Using	
  mathema3cs	
  and	
  
computa3onal	
  thinking	
  
	
  
Developing	
  explana3ons	
  and	
  
designing	
  solu4ons	
  
	
  
Engaging	
  in	
  argument	
  from	
  
evidence	
  
	
  
Obtaining,	
  evalua3ng,	
  and	
  
communica3ng	
  informa3on	
  



Construc3ng	
  
Explana3ons	
  

from	
  
Evidence	
  

3D	
  Learning	
  

Discourse	
  
Rich	
  Learning	
  
Opportuni3es	
  

Useful	
  
Instruc3onal	
  

and	
  
Assessment	
  
Strategies	
  

Powerful	
  
Framework	
  

(CER)	
  

Powerful	
  Scien3fic	
  Prac3ces	
  



Content	
  Knowledge	
  for	
  Teaching	
  

With	
  limited	
  3D	
  science	
  knowledge?	
  



Learning	
  to	
  Support	
  Children’s	
  
Meaningful	
  Science	
  Learning	
  

Self	
  as	
  
science	
  
learner	
  

Images	
  of	
  
the	
  

possible	
  

Self	
  as	
  
science	
  
teacher	
  



Subject	
  Maber	
  Serious	
  

What	
  is	
  it	
  like	
  to	
  learn	
  science	
  and	
  
about	
  science	
  in	
  the	
  ways	
  in	
  which	
  

one	
  is	
  expected	
  to	
  teach	
  it?	
  



Specialized	
  Science	
  Content	
  Courses	
  



Collabora3vely	
  Designed	
  



Scien3fic	
  Prac3ces	
  and	
  Real	
  Data	
  



Opportuni3es	
  to	
  Consider	
  CKT	
  



What	
  would	
  you	
  expect	
  	
  
prospec3ve	
  elementary	
  teachers	
  	
  

to	
  be	
  like	
  when	
  they	
  get	
  to	
  	
  
science	
  methods	
  and	
  advanced	
  field	
  

experiences?	
  



What	
  would	
  you	
  expect	
  	
  
prospec3ve	
  elementary	
  teachers	
  	
  

to	
  be	
  like	
  when	
  they	
  get	
  to	
  	
  
science	
  methods	
  and	
  advanced	
  field	
  

experiences?	
  
Qualita3vely	
  “different”	
  but	
  not	
  necessarily	
  

regarding	
  subject	
  maber	
  knowledge	
  



Science	
  Learning	
  &	
  Teaching	
  Course	
  





Goal	
  of	
  3D	
  Learning	
  for	
  Teachers	
  
in	
  Science	
  

One	
  who	
  knows	
  how	
  to	
  engage	
  with	
  
new	
  subject	
  maber	
  

Scien3fic	
  discourse	
  and	
  prac3ces	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
as	
  a	
  lever	
  for	
  learning	
  



Learning	
  to	
  Support	
  Children’s	
  
Meaningful	
  Science	
  Learning	
  

Self	
  as	
  
science	
  
learner	
  

Images	
  of	
  
the	
  

possible	
  

Self	
  as	
  
science	
  
teacher	
  



Video	
  Analysis	
  of	
  Prac3ce	
  

A	
  Powerful	
  Pedagogy	
  



NSF	
  CAREER	
  2003	
  -­‐	
  2008	
  

Science	
  Teaching	
  Prac3ces	
  



TESSA	
  Goals	
  

•  Leverage	
  the	
  literature	
  to	
  construct	
  a	
  
framework	
  for	
  teaching	
  school	
  science	
  as	
  
argument	
  

•  Apply,	
  study,	
  and	
  refine	
  the	
  framework	
  
•  Online,	
  video-­‐based	
  cases	
  materials	
  
•  Science	
  content	
  courses	
  for	
  prospec3ve	
  elementary	
  teachers	
  
•  Science	
  methods	
  coursework	
  and	
  field	
  experiences	
  	
  
•  First	
  years	
  of	
  teaching	
  



Pivotal	
  Shids	
  
1)  Disagreement	
  can	
  be	
  produc3ve	
  in	
  sense-­‐making	
  	
  
2)  Giving	
  priority	
  to	
  evidence	
  and	
  explana3ons	
  is	
  

essen3al	
  to	
  moving	
  beyond	
  ac3vi3es	
  in	
  science	
  
3)  Prospec3ve	
  elementary	
  teachers’	
  science	
  teaching	
  

prac3ces	
  reflected	
  their	
  framing	
  



How	
  does	
  the	
  teacher	
  help	
  students	
  to	
  
construct	
  a	
  claim	
  from	
  evidence?	
  

hbps://psu.box.com/s/sfe0d5iflj7dtof68pxo	
  	
  



Content	
  Knowledge	
  for	
  Teaching	
  Science	
  
as	
  Interac3ve	
  and	
  Con3ngent	
  



Tools	
  for	
  Assessing	
  the	
  Analysis	
  



Insights	
  into	
  Content	
  Knowledge	
  for	
  Teaching	
  



Insights	
  into	
  Framing	
  of	
  Science	
  Teaching	
  



Research	
  AND	
  Prac3ce	
  

Assess	
  Longitudinal	
  Development	
  
(Re)design	
  of	
  Learning	
  Opportuni3es	
  

Raises	
  New	
  Ques3ons	
  



Coherence	
  is	
  Consequen3al	
  

Framing	
  involves	
  foregrounding,	
  which	
  	
  
necessarily	
  requires	
  moving	
  some	
  things	
  to	
  

the	
  background.	
  



So	
  what	
  framing	
  should	
  be	
  
foregrounded?	
  

What	
  are	
  the	
  uninten3onal	
  consequences	
  of	
  
par3cular	
  kinds	
  of	
  framing?	
  



Who	
  is	
  the	
  well-­‐started	
  beginner?	
  

Informed	
  by	
  Powerful	
  Frameworks	
  
Commibed	
  to	
  Con3nued	
  Inquiry	
  and	
  Learning	
  	
  

Dedicated	
  to	
  ALL	
  Children	
  



Consensus	
  is	
  Illusive	
  

Track	
  Record	
  in	
  Science	
  Educa3on	
  
and	
  in	
  Teacher	
  Educa3on	
  



Call	
  to	
  Ac3on	
  

AERA	
  Panel	
  Report	
  2005	
  



Studying	
  Teacher	
  Educa3on	
  
•  Research	
  on	
  pedagogy	
  of	
  teacher	
  educa4on	
  is	
  rela3vely	
  new	
  

(p.	
  450)	
  
•  “Plethora	
  of	
  pedagogies”	
  likely	
  reflect	
  different	
  concep3ons	
  

of	
  teaching	
  prac3ces	
  (p.	
  429)	
  
•  Toward	
  a	
  research	
  program	
  on	
  the	
  pedagogies	
  of	
  teacher	
  

prepara3on	
  (p.451)	
  
–  Ar3culated	
  theory	
  of	
  teacher	
  learning	
  that	
  cuts	
  across	
  pedagogical	
  

approaches;	
  guide	
  research	
  and	
  frame	
  interpreta3on	
  of	
  findings	
  
–  Common	
  “toolkits”	
  for	
  researching	
  teacher	
  learning;	
  build	
  on	
  one	
  

another’s	
  work	
  
–  More	
  precise	
  language	
  to	
  talk	
  about	
  pedagogies	
  

Grossman,	
  2005	
  



Plethora	
  of	
  Prac3ces?	
  

Pedagogical	
  Prac3ces	
  
High-­‐Leverage	
  Prac3ces	
  

Science	
  and	
  Engineering	
  Prac3ces	
  



Pockets	
  of	
  Innova3on	
  

…and	
  business	
  as	
  usual	
  



Produc3ve	
  Engagement	
  in	
  Discourse	
  
about	
  Teacher	
  Prepara3on	
  in	
  Science	
  

Where	
  do	
  we	
  go	
  from	
  here?	
  



Elementary	
  Science	
  Teacher	
  Educa3on	
  

•  Principled	
  reasoning	
  about	
  problems	
  of	
  prac3ce	
  
•  Across	
  ins3tu3ons,	
  programs,	
  and	
  frameworks	
  
•  Anderson,	
  Davis,	
  Mikeska,	
  Schwarz,	
  Smithey,	
  
Zembal-­‐Saul	
  



hbp://ambi3ousscienceteaching.org/	
  	
  

Tools	
  for	
  Ambi3ous	
  Science	
  Teaching	
  

•  Windschitl	
  and	
  colleagues	
  
•  Framework,	
  tools,	
  

community	
  with	
  
distributed	
  exper3se	
  

•  Ar3culate	
  ambi3ous	
  
science	
  teaching	
  prac3ces	
  
and	
  pedagogies	
  of	
  
prac3ce	
  

•  AERA	
  Handbook	
  of	
  
Research	
  2016	
  



Making	
  the	
  Work	
  of	
  Teacher	
  
Educa3on	
  Public	
  

Goals	
  and	
  Purpose	
  
Design	
  and	
  Infrastructure	
  
Approaches	
  and	
  Ar3facts	
  
Impacts	
  and	
  Challenges	
  

Sustainability	
  and	
  Scholarship	
  
Create	
  Community	
  

	
  



The	
  Time	
  is	
  Now	
  

•  Call	
  for	
  shared	
  language,	
  tools,	
  and	
  theory	
  for	
  design	
  
and	
  research	
  on	
  teacher	
  prepara3on	
  

•  Theore3cally	
  grounded	
  abempts	
  to	
  talk	
  across	
  
programs	
  

•  Organiza3ons	
  and	
  funded	
  projects	
  aimed	
  at	
  examining	
  
the	
  rela3onship	
  between	
  pedagogies	
  and	
  features	
  of	
  
professional	
  prac3ce;	
  iden3fying,	
  implemen3ng,	
  and	
  
studying	
  high-­‐leverage	
  teaching	
  prac3ces	
  

•  Collabora3ve	
  work	
  between	
  universi3es	
  and	
  na3onal	
  
professional	
  organiza3ons	
  (e.g.,	
  AACTE,	
  AERA)	
  

•  SOCIAL	
  JUSTICE	
  IMPERATIVE	
  	
  



Let’s	
  get	
  to	
  work!	
  

Discussion	
  



Gra3tude	
  

For	
  your	
  produc3ve	
  influence	
  on	
  my	
  thinking	
  
and	
  prac3ce	
  and	
  for	
  your	
  leadership	
  in	
  the	
  

field	
  of	
  teacher	
  educa3on	
  


