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Overview	
  of	
  the	
  full	
  paper	
  

•  Relevant	
  teacher	
  exper5se	
  is	
  recognised	
  as	
  being	
  crucial	
  to	
  successful	
  
integra5on	
  of	
  digital	
  technologies	
  into	
  everyday	
  teaching	
  prac5ce.	
  

•  This	
  paper	
  examines	
  three	
  frameworks	
  for	
  analysing	
  such	
  exper5se:	
  	
  
–  the	
  Technological,	
  Pedagogical	
  and	
  Content	
  Knowledge	
  (TPACK)	
  

framework	
  (Koehler	
  &	
  Mishra	
  2009);	
  	
  
–  the	
  Instrumental	
  Orchestra5on	
  (IO)	
  framework	
  (Trouche	
  2005;	
  

Drijvers	
  et	
  al.	
  2010	
  );	
  
–  the	
  Structuring	
  Features	
  of	
  Classroom	
  Prac5ce	
  (SFCP)	
  framework	
  

(Ruthven	
  2009).	
  	
  
•  For	
  each	
  framework,	
  the	
  paper	
  considers	
  a	
  corresponding	
  study	
  of	
  

teacher	
  use	
  of	
  digital	
  technologies	
  for	
  algebraic	
  graphing,	
  a	
  now	
  well-­‐
established	
  usage	
  serving	
  here	
  as	
  an	
  exemplary	
  reference	
  situa5on.	
  	
  

•  The	
  paper	
  concludes	
  by	
  discussing	
  commonali5es,	
  complementari5es	
  and	
  
contrasts	
  between	
  the	
  frameworks.	
  



Main	
  structure	
  of	
  this	
  presenta5on	
  

•  Sketch	
  of	
  each	
  framework	
  in	
  turn:	
  
–  Overarching	
  constructs	
  and	
  structure	
  
–  Elaborated	
  characterisa5on	
  of	
  elements	
  
∘  Time	
  does	
  not	
  permit	
  a;en<on	
  in	
  today’s	
  talk	
  

–  Suppor5ng	
  ra5onale	
  and	
  related	
  cri5que	
  
–  Prac5cal	
  opera5onalisa5on	
  in	
  illustra5ve	
  study	
  

•  Comparing	
  and	
  contras5ng	
  frameworks	
  
•  Conclusions	
  and	
  recommenda5ons	
  

•  Both	
  the	
  full	
  paper	
  and	
  these	
  presenta5on	
  slides	
  can	
  be	
  downloaded	
  from	
  
hXp://www.educ.cam.ac.uk/people/staff/ruthven/	
  



Overarching	
  constructs	
  and	
  structure	
  of	
  TPACK	
  

(Mishra	
  &	
  Koehler	
  2006;	
  
Koehler	
  &	
  Mishra	
  2009)	
  	
  





Suppor5ng	
  ra5onale	
  and	
  related	
  cri5que	
  of	
  TPACK	
  

•  Extension	
  of	
  Shulman’s	
  PK–CK–PCK	
  model	
  to	
  acknowledge	
  T	
  media5on:	
  
–  Technologies	
  which	
  mediate	
  established	
  prac5ce	
  tend	
  to	
  be	
  invisible,	
  

while	
  new	
  technologies	
  have	
  poten5al	
  to	
  disrupt	
  such	
  prac5ce;	
  	
  
–  Interac5ons	
  between	
  technology,	
  pedagogy	
  and/or	
  content	
  produce	
  

knowledge	
  “intersec5ons”	
  which	
  TPACK	
  seeks	
  to	
  highlight.	
  
•  Some	
  underdeveloped	
  aspects	
  and	
  inconsistencies	
  in	
  use:	
  

–  Interpreta5on	
  of	
  “intersec5on”	
  of	
  knowledge	
  domains	
  could	
  be	
  
sharpened:	
  ranges	
  from	
  casual	
  co-­‐incidence	
  to	
  irreducible	
  fusion;	
  

–  Poten5al	
  for	
  more	
  fine-­‐grained	
  discrimina5on	
  between,	
  for	
  example:	
  	
  
•  Pedagogical	
  strategies	
  rela5ng	
  to	
  development	
  of	
  student	
  TCK;	
  
•  Technological	
  strategies	
  suppor5ng	
  applica5on	
  of	
  teacher	
  PCK.	
  

–  Differen5a5on	
  between	
  concrete	
  knowledge	
  of	
  par5cular	
  pedagogy	
  	
  	
  
or	
  technology,	
  as	
  against	
  more	
  reflexive	
  knowledge	
  of	
  alterna5ves.	
  	
  	
  



Illustra5ve	
  study	
  employing	
  TPACK	
  (Richardson	
  2009)	
  

•  In	
  this	
  study	
  of	
  middle-­‐school	
  teachers	
  par5cipa5ng	
  in	
  a	
  professional	
  
development	
  programme,	
  the	
  TPACK	
  framework	
  was	
  used	
  to	
  break	
  down	
  
and	
  classify	
  observa5onal	
  records	
  of	
  interac5ons	
  and	
  discussions	
  between	
  
par5cipants	
  and	
  entries	
  extracted	
  from	
  their	
  professional	
  journals.	
  

•  The	
  study	
  reports	
  that	
  it	
  was	
  not	
  straighborward	
  to	
  demarcate	
  categories	
  
which	
  tended	
  to	
  acquire	
  narrower	
  opera5onalisa5ons	
  directly	
  related	
  to	
  
par5cular	
  features	
  of	
  the	
  professional	
  development	
  programme.	
  	
  

•  In	
  par5cular,	
  use	
  of	
  the	
  TPACK	
  framework	
  to	
  analyse	
  naturally	
  occurring	
  
teacher	
  discourse	
  ocen	
  foundered	
  because	
  such	
  uXerances	
  provided	
  
insufficient	
  evidence	
  to	
  draw	
  confident	
  inferences	
  and	
  make	
  clear	
  
discrimina5ons	
  about	
  the	
  knowledge	
  in	
  play	
  or	
  under	
  development.	
  	
  

•  Here	
  it	
  appears	
  that	
  TPACK	
  was	
  more	
  valuable	
  as	
  a	
  holis5c	
  construct	
  
inspiring	
  the	
  professional	
  development	
  course	
  than	
  as	
  a	
  research	
  tool	
  for	
  
analysing	
  the	
  process	
  or	
  product	
  of	
  knowledge	
  construc5on.	
  	
  



Overarching	
  constructs	
  and	
  structure	
  of	
  IO	
  

•  Didac5cal	
  configura5on	
  +	
  
Exploita5on	
  modes	
  	
  

•  May	
  operate	
  at	
  the	
  level	
  of:	
  
–  the	
  ar5fact	
  itself;	
  
–  a	
  set	
  of	
  instruments;	
  
–  the	
  rela5onship	
  a	
  

subject	
  maintains	
  with	
  
an	
  instrument.	
  

•  e.g.	
  A	
  sherpa	
  student	
  
operates	
  a	
  calculator	
  
projected	
  to	
  the	
  whole	
  class	
  
under	
  the	
  guidance	
  of,	
  and	
  
subject	
  to	
  checking	
  and	
  
ques5oning	
  by,	
  the	
  teacher.	
  

(Trouche	
  2009)	
  	
  





Suppor5ng	
  ra5onale	
  and	
  related	
  cri5que	
  of	
  IO	
  

•  Extension	
  of	
  Rabardel’s	
  instrumental	
  approach	
  from	
  cogni5ve	
  ergonomics:	
  
–  Conversion	
  of	
  crude	
  artefact	
  into	
  func5onal	
  instrument	
  involves	
  co-­‐

evolu5on	
  of	
  naïve	
  operator	
  to	
  become	
  proficient	
  user	
  through	
  a	
  
process	
  of	
  “instrumental	
  genesis”	
  of	
  schemes	
  for	
  usage	
  and	
  ac5on;	
  	
  

–  Through	
  “instrumental	
  orchestra5on”	
  the	
  teacher	
  seeks	
  to	
  manage	
  
what	
  could	
  poten5ally	
  be	
  very	
  disparate	
  instrumental	
  geneses	
  on	
  the	
  
part	
  of	
  individual	
  students	
  so	
  as	
  to	
  ensure	
  that	
  technico-­‐mathema5cal	
  
development	
  within	
  a	
  class	
  follows	
  a	
  more	
  collec5ve	
  path.	
  

•  Construct	
  needs	
  5ghtening	
  both	
  at	
  theore5cal	
  and	
  opera5onal	
  levels:	
  
–  First	
  example	
  (‘Customised	
  calculator’)	
  involves	
  adapta5on	
  of	
  the	
  tool	
  

itself,	
  whereas	
  the	
  other	
  three	
  all	
  aXend	
  to	
  the	
  organisa5on	
  of	
  ac5vity	
  
and	
  assignment	
  of	
  roles	
  associated	
  with	
  use	
  of	
  the	
  tool.	
  	
  

–  Equally,	
  the	
  first	
  example	
  depends	
  much	
  more	
  explicitly	
  on	
  analysis	
  of	
  
what	
  might	
  be	
  described	
  as	
  a	
  specific	
  “instrumental	
  trajectory”	
  of	
  the	
  
class	
  towards	
  intended	
  technico-­‐mathema5cal	
  learning	
  outcomes,	
  
whereas	
  this	
  dimension	
  is	
  unelaborated	
  in	
  the	
  laXer	
  three.	
  



Illustra5ve	
  study	
  employing	
  IO	
  (Drijvers	
  et	
  al	
  2010)	
  

•  Through	
  lesson	
  observa5ons	
  supplemented	
  by	
  teacher	
  ques5onnaire	
  and	
  
interviews,	
  this	
  study	
  developed	
  a	
  typology	
  of	
  the	
  forms	
  of	
  organisa5on	
  of	
  
whole-­‐class	
  ac5vity	
  employed	
  by	
  teachers	
  using	
  a	
  func5on	
  microworld.	
  

•  It	
  modified	
  the	
  construct	
  of	
  “instrumental	
  orchestra5on”	
  in	
  several	
  ways:	
  
–  Focusing	
  it	
  as	
  a	
  prototype	
  of	
  classroom	
  organisa5on	
  and	
  social	
  roles;	
  
–  Trea5ng	
  each	
  combina5on	
  of	
  a	
  par5cular	
  “didac5cal	
  configura5on”	
  

with	
  more	
  specific	
  “exploita5on	
  modes”	
  as	
  a	
  dis5nct	
  “orchestra5on”;	
  
–  Emphasising	
  “the	
  way	
  the	
  teacher	
  decides	
  to	
  exploit	
  a	
  didac5cal	
  

configura5on	
  for	
  the	
  benefit	
  of	
  his	
  or	
  her	
  didac5cal	
  inten5ons”;	
  	
  
–  Adding	
  a	
  component	
  of	
  “didac5cal	
  performance”	
  to	
  acknowledge	
  the	
  

way	
  in	
  which	
  plans	
  are	
  elaborated	
  and	
  adapted	
  in	
  ac5on.	
  	
  
•  Developing	
  this	
  typology	
  helped	
  to	
  iden5fy	
  overall	
  paXerns	
  in	
  classroom	
  

ac5vity,	
  and	
  to	
  pinpoint	
  differences	
  between	
  the	
  profiles	
  of	
  teachers,	
  and	
  
between	
  teacher	
  enactments	
  of	
  the	
  same	
  sequence	
  with	
  different	
  classes.	
  

•  These	
  orchestra5on	
  types	
  represent	
  a	
  collec5ve	
  system	
  of	
  professional	
  
exper5se	
  for	
  organising	
  classroom	
  lessons	
  using	
  digital	
  technologies.	
  	
  	
  





Overarching	
  constructs	
  and	
  structure	
  of	
  SFCP	
  

(Ruthven	
  2009)	
  





Suppor5ng	
  ra5onale	
  and	
  related	
  cri5que	
  of	
  SFCP	
  

•  Devised	
  by	
  linking	
  a	
  range	
  of	
  constructs	
  from	
  earlier	
  studies	
  of	
  classroom	
  
organisa5on	
  and	
  interac5on	
  and	
  of	
  teacher	
  crac	
  knowledge	
  and	
  thinking:	
  
–  Central	
  concern	
  is	
  with	
  how	
  material-­‐cultural	
  factors	
  interact	
  with	
  

func5onal	
  organisa5on	
  of	
  technology	
  use	
  and	
  teaching	
  exper5se;	
  
–  The	
  framework	
  iden5fies	
  structuring	
  features	
  of	
  classroom	
  prac5ce	
  

which	
  shape	
  the	
  ways	
  in	
  which	
  teachers	
  integrate	
  new	
  technologies.	
  	
  
•  	
  Limita5ons	
  linked	
  to	
  early	
  stage	
  of	
  development	
  have	
  been	
  noted:	
  

–  The	
  differing	
  provenance	
  of	
  the	
  five	
  central	
  constructs	
  raises	
  some	
  
important	
  issues	
  of	
  theore5cal	
  coherence	
  and	
  conceptual	
  integra5on;	
  

–  Studies	
  are	
  required	
  in	
  which	
  data	
  collec5on	
  (rather	
  than	
  just	
  post	
  hoc	
  
data	
  analysis)	
  is	
  guided	
  by	
  the	
  framework,	
  so	
  that	
  it	
  can	
  be	
  subjected	
  to	
  
fuller	
  tes5ng	
  and	
  corresponding	
  elabora5on	
  and	
  refinement;	
  	
  

–  To	
  adequately	
  address	
  issues	
  of	
  professional	
  knowledge	
  and	
  learning,	
  
such	
  studies	
  need	
  to	
  be	
  longitudinal	
  as	
  well	
  as	
  cross-­‐sec5onal,	
  and	
  to	
  
focus	
  on	
  teachers’	
  work	
  outside	
  as	
  well	
  as	
  inside	
  the	
  classroom.	
  	
  



Illustra5ve	
  study	
  employing	
  SFCP	
  (Ruthven	
  et	
  al.	
  2009)	
  
•  Through	
  lesson	
  observa5ons	
  supplemented	
  by	
  post-­‐lesson	
  interviews	
  with	
  

teachers,	
  this	
  study	
  examined	
  the	
  adapta5on	
  of	
  teaching	
  prac5ces	
  and	
  
development	
  of	
  crac	
  knowledge	
  associated	
  with	
  teachers’	
  use	
  of	
  graphing	
  
socware	
  to	
  teach	
  about	
  algebraic	
  forms	
  at	
  lower-­‐secondary	
  level.	
  

•  In	
  terms	
  of	
  resource	
  system,	
  teachers	
  had	
  developed	
  strategies	
  to	
  
introduce	
  students	
  to	
  core	
  techniques	
  with	
  graphing	
  socware	
  and	
  allow	
  
them	
  to	
  explore	
  and	
  share	
  further,	
  as	
  well	
  as	
  built	
  their	
  own	
  exper5se	
  in	
  
the	
  forms	
  of	
  technico-­‐mathema5cal	
  guidance	
  that	
  students	
  might	
  require.	
  	
  

•  In	
  terms	
  of	
  ac<vity	
  structure,	
  a	
  dis5nc5ve	
  type	
  of	
  ac5vity	
  format	
  was	
  
emerging	
  for	
  student	
  work	
  on	
  a	
  new	
  type	
  of	
  ‘target	
  prac5ce’	
  task	
  which	
  
capitalised	
  on	
  the	
  interac5vity	
  of	
  the	
  socware	
  to	
  centre	
  inves5ga5ve	
  
ac5vity	
  around	
  a	
  process	
  of	
  trial	
  and	
  improvement	
  of	
  posited	
  solu5ons.	
  

•  Teachers	
  had	
  woven	
  these	
  preceding	
  elements	
  into	
  their	
  curriculum	
  script	
  
for	
  the	
  topic,	
  along	
  with	
  a	
  repertoire	
  of	
  strategies	
  concerned	
  with	
  
promp5ng	
  strategic	
  ac5on	
  and	
  suppor5ng	
  mathema5cal	
  interpreta5on.	
  

•  Changes	
  in	
  <me	
  economy	
  had	
  required	
  corresponding	
  adapta5on	
  of	
  
curriculum	
  sequences	
  on	
  this	
  topic	
  and	
  recalibra5on	
  of	
  their	
  5ming.	
  



Comparing	
  and	
  contras5ng	
  frameworks	
  

•  The	
  TPACK	
  framework	
  focuses	
  on	
  epistemological	
  demarca5on	
  between	
  
different	
  classes	
  of	
  knowledge	
  relevant	
  to	
  teaching,	
  whereas	
  the	
  SFCP	
  
framework	
  focuses	
  on	
  the	
  func5onal	
  organisa5on	
  of	
  teaching	
  exper5se.	
  

•  Instrumental	
  genesis	
  –	
  in	
  IO	
  terms	
  –	
  focuses	
  on	
  the	
  co-­‐evolu5on	
  of	
  
technological	
  and	
  content	
  knowledge,	
  placing	
  –	
  in	
  TPACK	
  terms	
  –	
  the	
  
growth	
  of	
  student	
  TCK	
  at	
  its	
  core,	
  and	
  emphasising	
  the	
  pedagogical	
  
knowledge	
  (P–TCK	
  rather	
  than	
  T–PCK?)	
  required	
  to	
  manage	
  this	
  growth.	
  
But	
  instrumental	
  orchestra5on	
  (in	
  Trouche’s	
  later	
  types	
  and	
  Drijvers	
  et	
  al’s	
  
adapta5on	
  and	
  extension)	
  seems	
  to	
  take	
  the	
  form	
  of	
  a	
  more	
  generic	
  TPK.	
  

•  The	
  types	
  of	
  IO	
  iden5fied	
  by	
  Drijvers	
  et	
  al.	
  all	
  correspond	
  –	
  in	
  the	
  terms	
  of	
  
SFCP	
  –	
  to	
  specific	
  ac5vity	
  formats	
  that	
  exploit	
  a	
  par5cular	
  resource	
  (sub)
system	
  (and	
  its	
  underlying	
  working	
  environment).	
  However,	
  Trouche’s	
  
first	
  IO	
  corresponds	
  to	
  customising	
  part	
  of	
  the	
  resource	
  system	
  so	
  as	
  to	
  
support	
  an	
  innova5ve	
  pathway	
  within	
  the	
  curriculum	
  script.	
  	
  



Conclusions	
  and	
  recommenda5ons	
  

•  Each	
  of	
  these	
  frameworks	
  provides:	
  
–  An	
  overarching	
  set	
  of	
  constructs	
  reflec5ng	
  a	
  par5cular	
  perspec5ve	
  on	
  

the	
  phenomenon	
  of	
  technology	
  integra5on	
  in	
  subject	
  teaching;	
  	
  
–  A	
  tenta5ve	
  lis5ng	
  of	
  more	
  concrete	
  elements/examples	
  necessary	
  to	
  

support	
  opera5onal	
  use	
  of	
  these	
  constructs	
  as	
  analy5c	
  tools.	
  	
  

•  This	
  points	
  to	
  a	
  crucial	
  need	
  for	
  more	
  systema5c	
  inves5ga5on	
  of	
  
technology	
  integra5on	
  into	
  subject	
  teaching	
  in	
  ways	
  that	
  link	
  these	
  levels:	
  	
  
–  More	
  intensive	
  elabora5on	
  at	
  the	
  concrete	
  level	
  could	
  serve	
  to	
  beXer	
  

opera5onalise	
  exis5ng	
  frameworks	
  and	
  synthesise	
  them;	
  	
  
∘  c.f.	
  Drijvers’	
  paper	
  in	
  which	
  IO	
  is	
  crossed	
  with	
  TPACK,	
  in	
  forthcoming	
  
symposium	
  on	
  Resourcing	
  Mathema<cs	
  Teacher	
  Work	
  and	
  Knowledge,	
  
Tue	
  Apr	
  30	
  2:00–3:30,	
  Hilton	
  Union	
  Square	
  Sixth	
  Level-­‐Tower	
  3	
  Lombard	
  	
  

–  A	
  synthesising	
  framework	
  would	
  provide	
  a	
  more	
  powerful	
  overarching	
  
system	
  of	
  constructs	
  capable	
  of	
  systema5cally	
  organising	
  a	
  much	
  
richer	
  and	
  fuller	
  inventory	
  of	
  the	
  kinds	
  of	
  more	
  concrete	
  elements	
  that	
  
these	
  three	
  frameworks	
  have	
  started	
  to	
  iden5fy.	
  	
  	
  


