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Introduction	
  
	
  
I	
   am	
   a	
   Professor	
   of	
   Science	
   at	
   Yale-­‐NUS	
   College,	
   Singapore,	
   the	
   founding	
   Director	
   of	
   the	
  
Yale-­‐NUS	
  College	
  Centre	
   for	
  Teaching	
  and	
   Learning,	
   and	
   the	
  Frank	
  P.	
  Brackett	
  Professor	
  of	
  
Astronomy	
  at	
  Pomona	
  College.	
  I	
  joined	
  Pomona’s	
  faculty	
  in	
  1993,	
  and	
  served	
  as	
  Chair	
  of	
  the	
  
Physics	
  and	
  Astronomy	
  Department	
  from	
  2007	
  until	
  2011.	
  	
  During	
  academic	
  year	
  2012-­‐2013,	
  
I	
  was	
  an	
  American	
  Council	
  on	
  Education	
  (ACE)	
  Fellow	
  based	
  at	
  Yale	
  University,	
  working	
  with	
  
the	
  Yale	
  President-­‐elect	
  Peter	
  Salovey,	
  to	
  foster	
  innovative	
  curriculum	
  and	
  science	
  teaching	
  
at	
   Yale	
   and	
   the	
  new	
  Yale/NUS	
   college,	
   and	
   to	
  help	
   improve	
   the	
  diversity	
   and	
   retention	
  of	
  
students	
   in	
   STEM	
   fields.	
   While	
   at	
   Yale,	
   I	
   helped	
   lead	
   the	
   development	
   of	
   the	
   Yale-­‐NUS	
  
curriculum	
  as	
  a	
  member	
  of	
  the	
  inaugural	
  curriculum	
  committee	
  and	
  was	
  a	
  co-­‐author	
  of	
  the	
  
landmark	
   report	
   on	
   Yale-­‐NUS	
   College	
   entitled	
   “Yale-­‐NUS	
   College	
   –	
   A	
   New	
   Community	
   of	
  
Learning.”	
  I	
  also	
  served	
  on	
  the	
  Yale	
  Summer	
  Bridge	
  Program	
  Advisory	
  Committee,	
  consulted	
  
with	
   the	
   Yale	
   Provost’s	
   office	
   on	
   topics	
   such	
   as	
   online	
   learning	
   and	
   science	
   at	
   Yale,	
   and	
  
worked	
  with	
  the	
  Yale	
   Internationalization	
  Office	
  to	
  strengthen	
  ties	
  with	
   Indian	
   institutions,	
  
as	
  well	
  as	
  co-­‐organizing	
  a	
  conference	
  with	
  Yale	
  and	
  the	
  Raman	
  Research	
   Institute	
   (RRI)	
  on	
  
“The	
  Future	
  of	
   Liberal	
  Arts	
   in	
   India”	
   at	
   the	
  RRI	
  Bangalore	
   campus	
   in	
   January	
  2013.	
  During	
  
academic	
   year	
   2013-­‐14	
   I	
   served	
   as	
   co-­‐Director	
   of	
   the	
   Liberal	
   Arts	
   Consortium	
   for	
   Online	
  
Learning	
   (LACOL),	
   chaired	
   the	
   Pomona	
   College	
   Future	
   Learning	
   Technologies	
   Committee,	
  
served	
  as	
  Chair	
  of	
  the	
  Science	
  Division,	
  and	
  served	
  on	
  the	
  Executive	
  Committee.	
  	
  
	
  
Since	
   coming	
   to	
   Yale-­‐NUS	
   College	
   in	
   Singapore	
   in	
   2014,	
   I	
   have	
   led	
   a	
   number	
   of	
   global	
  
initiatives,	
   which	
   have	
   included	
   development	
   of	
   new	
   Summer	
   Undergraduate	
   Research	
  
Internship	
  programs	
  in	
  India	
  and	
  Taiwan,	
  design	
  and	
  implementation	
  of	
  a	
  plan	
  for	
  creating	
  a	
  
Teaching	
   and	
   Learning	
   Center	
   at	
   Yale-­‐NUS	
   College,	
   and	
   serving	
   as	
   chair	
   of	
   the	
   Teaching,	
  
Learning	
   and	
   Advising	
   Committee.	
   As	
   a	
   leader	
   at	
   Yale-­‐NUS	
   in	
   curriculum	
   development,	
   I	
  
coordinate	
  a	
  group	
  of	
  eight	
  professors	
  who	
  are	
  offering	
  a	
  course	
  known	
  as	
  “Foundations	
  of	
  
Science”	
  which	
  all	
  of	
  the	
  non-­‐science	
  majors	
  at	
  Yale-­‐NUS	
  College	
  experience.	
  The	
  course	
  is	
  
an	
  interdisciplinary	
  exploration	
  of	
  science,	
  culminating	
  in	
  a	
  three-­‐week	
  case	
  study	
  known	
  as	
  
the	
   “Grand	
   Challenge”	
   project,	
   where	
   teams	
   of	
   four	
   students	
   solve	
   a	
   pressing	
   problem	
  
facing	
  the	
  planet.	
  	
  
	
  
I	
   received	
   both	
   a	
   BS	
   in	
   Physics	
   and	
   an	
  MS	
   in	
   Applied	
   Physics	
   from	
   Stanford	
   University	
   in	
  
1985,	
   and	
   a	
   PhD	
   from	
   the	
   University	
   of	
   Chicago	
   in	
   Astronomy	
   and	
   Astrophysics	
   in	
   1992.	
  
Before	
  coming	
  to	
  Pomona,	
  I	
  was	
  an	
  NRC	
  Postdoctoral	
  Fellow	
  at	
  Caltech,	
  and	
  a	
  pre-­‐doctorial	
  
fellow	
   at	
   the	
   Space	
   Telescope	
   Science	
   Institute,	
   in	
   Baltimore,	
   MD.	
  My	
   research	
   includes	
  
nearly	
   all	
   aspects	
   of	
   observational	
   astrophysics,	
   from	
   photometric	
   observations	
   of	
   nearby	
  
asteroids	
   to	
   spectroscopic	
   studies	
   of	
   element	
   formation	
   in	
   the	
   early	
   universe,	
   using	
  
telescopes	
   ranging	
   from	
   the	
   Pomona	
   College	
   1-­‐meter	
   telescope	
   to	
   the	
   Keck	
   Telescope	
   in	
  
Hawaii.	
   I	
   have	
   authored	
   or	
   co-­‐authored	
   over	
   47	
   peer-­‐reviewed	
   articles,	
   most	
   recently	
   in	
  
the	
  Astrophysical	
   Journal	
  and	
   the	
  Astronomical	
   Journal,	
   but	
   also	
   in	
  Nature	
  and	
  Science.	
  My	
  
research	
   team	
  at	
  Caltech	
  has	
   recently	
  been	
  awarded	
  a	
  $9-­‐million	
   grant	
   from	
   the	
  National	
  
Science	
  Foundation	
  to	
  develop	
  a	
  new	
  facility	
  known	
  as	
  the	
  “Zwicky	
  Transient	
  Facility,"	
  and	
  in	
  



this	
   capacity	
   I	
   direct	
   the	
   undergraduate	
   and	
   educational	
   programs	
   for	
   this	
   international	
  
project.	
   I	
   am	
   also	
   the	
   author	
   of	
   “The	
   Power	
   of	
   Stars	
   –	
   How	
   Celestial	
   Observations	
   Have	
  
Shaped	
  Civilization,”	
  published	
  by	
  Springer,	
   Inc.,	
  and	
  am	
  working	
  on	
  my	
  second	
  book,	
  "The	
  
New	
  Age	
  of	
  STEM	
  Teaching	
  and	
  Learning,"	
  to	
  be	
  published	
  by	
  Stylus	
  Books.	
  
	
  

Philosophy	
  
	
  
My	
  philosophy	
  of	
   teaching	
  and	
   learning	
   is	
  based	
  on	
  applying	
   two	
  terms	
  –	
  “relevance”	
  and	
  
“authenticity.”	
   These	
   two	
   words	
   to	
   me	
   encompass	
   all	
   the	
   best	
   types	
   of	
   teaching	
   and	
  
learning.	
   By	
   “relevance”	
   I	
   am	
   referring	
   to	
   the	
   ways	
   in	
   which	
   good	
   curriculum	
   can	
   be	
  
designed	
   to	
   resonate	
   with	
   a	
   student’s	
   personal	
   experience,	
   environment,	
   and	
   conceptual	
  
framework	
  and	
  aspirations.	
  By	
  “authenticity”	
  I	
  am	
  referring	
  to	
  both	
  the	
  in-­‐class	
  experience	
  
of	
  honest,	
  enthusiastic,	
  engaged	
  communication,	
  with	
  classroom	
  examples	
  of	
  topics	
  that	
  are	
  
real-­‐world	
  applications	
  of	
  the	
  subject,	
  or	
  the	
  latest	
  published	
  “cutting-­‐edge”	
  research.	
  	
  
	
  
Breaking	
   down	
   the	
   philosophy	
   into	
   its	
   two	
   component	
   parts	
   –	
   Teaching	
   and	
   Learning	
   –	
   I	
  
have	
   the	
   following	
  main	
   elements	
   in	
  my	
   philosophy.	
   For	
  my	
  philosophy	
   of	
   learning,	
   I	
   am	
  
working	
  to	
  incorporate	
  a	
  convergence	
  of	
  cognitive	
  science,	
  technology,	
  and	
  psychology	
  into	
  
my	
  practice.	
  My	
  philosophy	
  of	
  teaching	
  includes	
  these	
  elements:	
  
	
  
Learning	
   is	
   a	
   skill	
   that	
   anyone	
   can	
   develop	
   -­‐	
   Psychological	
   studies	
   have	
   provided	
   new	
  
insights	
   into	
   learning	
   and	
   intelligence.	
   Drawing	
   from	
   the	
   research	
   of	
   the	
   cognitive	
  
psychology	
  group	
  at	
  Stanford	
  University	
   (Dweck,	
  1999;	
  Dweck	
  and	
  Leggett,	
  1988;	
  O'Keefe,	
  
2012),	
  I	
  have	
  been	
  inspired	
  by	
  the	
  dualism	
  of	
  incremental	
  vs.	
  fixed	
  frames	
  of	
  intelligence	
  and	
  
ability,	
   and	
   the	
   ways	
   in	
   which	
   these	
   outlooks	
   influence	
   learning.	
   These	
   studies	
   have	
  
highlighted	
   how	
   incremental	
   theories,	
   in	
  which	
   competency	
   development	
   is	
   stressed,	
   can	
  
enable	
  students	
  to	
  persist	
  longer	
  on	
  tasks	
  and	
  reach	
  higher	
  levels	
  of	
  achievement	
  than	
  those	
  
students	
   who	
   adopt	
   an	
   "entity"	
   theory	
   in	
   which	
   intelligence	
   and	
   abilities	
   are	
   seen	
   to	
   be	
  
limited	
   and	
   fixed.	
   Fostering	
   these	
   attitudes	
   in	
   students	
   through	
   appropriate	
   assessments	
  
and	
   messages	
   in	
   class	
   can	
   enable	
   far	
   greater	
   achievement	
   and	
   learning	
   than	
   more	
  
competitive	
  and	
  normative	
  formats,	
  and	
  this	
  has	
  had	
  a	
  major	
  influence	
  on	
  my	
  teaching.	
  
	
  
Learning	
   is	
   curiosity-­‐driven	
   and	
   experience-­‐based.	
   As	
   says	
   the	
   quote	
   from	
   Plutarch,	
   "the	
  
mind	
  is	
  not	
  a	
  vessel	
  to	
  be	
  filled	
  but	
  a	
  fire	
  to	
  be	
  kindled."	
  Having	
  students	
  explore	
  topics	
  that	
  
they	
   propose	
   and	
   that	
   arise	
   naturally	
   from	
   their	
   own	
   questions	
   is	
   the	
   surest	
   path	
   to	
  
engagement.	
  Coupling	
  the	
  student's	
  curiosity	
   to	
  carefully	
  designed	
  experiences	
   in	
  the	
  field	
  
provides	
   even	
   more	
   significant	
   learning,	
   and	
   my	
   approach	
   to	
   teaching	
   tries	
   wherever	
  
possible	
   to	
  provide	
  both.	
  The	
  experiential	
   learning	
  cycle	
   (Kolb	
  and	
  Kolb,	
  2005,	
  Kolb,	
  1984)	
  
has	
  been	
  shown	
  to	
  reinforce	
  learning	
  by	
  repeating	
  cycles	
  of	
  concrete	
  experience,	
  reflective	
  
observation,	
   abstract	
   conceptualism,	
   active	
   experimentation,	
   and	
   then	
  more	
   experiences.	
  
This	
  type	
  of	
  empirical	
  form	
  of	
  learning	
  enables	
  students	
  to	
  repeatedly	
  test	
  and	
  modify	
  their	
  
concepts,	
  based	
  on	
  experiences	
  that	
  provide	
  authentic	
  learning	
  (Lombardi,	
  2007).	
  
	
  



Students	
  learn	
  by	
  constructing	
  their	
  own	
  knowledge.	
  Ken	
  Bain,	
  in	
  his	
  books	
  on	
  teaching	
  and	
  
learning	
  (Bain,	
  2004,	
  2012)	
  emphasizes	
  that	
  students	
  "construct	
  their	
  knowledge"	
  and	
  in	
  the	
  
process	
   both	
   remove	
  misconceptions	
   and	
   build	
   new	
   frameworks	
   of	
   knowledge	
   that	
   arise	
  
from	
  their	
  own	
  questioning	
  and	
  experience.	
  This	
  theory	
  of	
  learning	
  requires	
  active	
  learning	
  
and	
   experience,	
   to	
   enable	
   the	
   student's	
   own	
   mind	
   to	
   assemble	
   a	
   valid	
   conceptual	
  
framework.	
  	
  
	
  
These	
  notions	
  of	
  learning	
  have	
  created	
  my	
  philosophy	
  of	
  teaching,	
  which	
  attempts	
  to	
  foster	
  
learning	
  in	
  ways	
  that	
  have	
  been	
  shown	
  to	
  work	
  by	
  educational	
  research,	
  with	
  an	
  emphasis	
  
as	
   mentioned	
   on	
   maintaining	
   authenticity	
   and	
   relevance	
   at	
   all	
   times,	
   and	
   with	
   strong	
  
emphasis	
  on	
  experience	
  and	
  active	
  learning	
  strategies	
  in	
  the	
  classroom.	
  	
  The	
  main	
  elements	
  
of	
  my	
  teaching	
  philosophy	
  include	
  the	
  principles	
  outlined	
  below:	
  
	
  
Teaching	
  Needs	
  to	
  be	
  Active	
  –	
  I	
  have	
  been	
  heavily	
  influenced	
  by	
  the	
  ideas	
  of	
  "constructive	
  
alignment"	
   (Biggs	
   and	
   Tang,	
   2011;	
   Biggs,	
   1996)	
   in	
   which	
   the	
   process	
   of	
   classroom	
  
management	
   is	
   more	
   important	
   than	
   a	
   traditional	
   "content-­‐driven"	
   style	
   of	
   lecturing.	
  
Teaching	
  with	
  carefully	
  designed	
  teaching	
  and	
  learning	
  activities	
  (TLAs)	
  to	
  promote	
  intended	
  
learning	
   outcomes	
   (ILOs)	
   followed	
   by	
   assessments,	
   efficiently	
   develops	
   skills	
   and	
   new	
  
cognitive	
  frameworks	
  for	
  students.	
  
	
  
Teaching	
   has	
   deep	
   cultural	
   and	
   psychological	
   groundings.	
   	
   In	
   addition	
   to	
   notions	
   of	
  
performance	
  and	
  "fixed"	
  vs.	
  "incremental"	
  frames	
  described	
  above,	
  a	
  classroom	
  is	
  a	
  complex	
  
environment	
   in	
   which	
   the	
   psychology	
   and	
   cultural	
   backgrounds	
   of	
   students	
   have	
   to	
   be	
  
accounted	
   for	
   in	
   teaching.	
   Parker	
   Palmer	
   (Palmer	
   2007)	
   describes	
   teaching	
   as	
   neither	
  
"professor-­‐centered"	
   nor	
   "student-­‐centered,"	
   but	
   rather	
   subject-­‐centered	
   -­‐	
   in	
   which	
   a	
  
teacher	
  can	
  create	
  a	
  space	
  which	
  bridges	
  the	
  separation	
  between	
  teacher	
  and	
  student	
  that	
  
arise	
   from	
   generational	
   and	
   cultural	
   differences.	
   The	
   Intergroup	
   Contact	
   theory	
   (Forsyth,	
  
2009)	
   provides	
   a	
   framework	
   for	
   bringing	
   groups	
   of	
   different	
   cultures	
   together	
   through	
   an	
  
environment	
   that	
   creates	
  equal	
   status,	
   common	
  goals,	
   intergroup	
   cooperation,	
   awareness	
  
of	
  local	
  culture,	
  and	
  personal	
  interaction.	
  My	
  teaching	
  attempts	
  to	
  create	
  these	
  elements	
  to	
  
create	
  a	
  classroom	
  in	
  which	
  students	
  can	
  collaborate	
  and	
  build	
  a	
  sense	
  of	
  interdependence.	
  
	
  
Teaching	
   should	
   be	
   rooted	
   in	
   Assessable	
   Learning	
   Outcomes.	
   	
   In	
   designing	
   courses,	
   the	
  
Learning	
   Outcomes	
   should	
   dictate	
   the	
   nature	
   of	
   activities	
   for	
   in-­‐class	
   activities	
   and	
  
assignments	
  (Handelsman,	
  2007).	
  These	
  outcomes	
  should	
  dictate	
  the	
  content	
  included	
  in	
  a	
  
course,	
  and	
  should	
  provide	
  the	
  basis	
   for	
   the	
  assessments,	
  which	
  are	
  the	
  primary	
  elements	
  
within	
  a	
  course.	
  	
  
	
  
Teaching	
  can	
  be	
  enhanced	
  by	
  Technology.	
  In	
  many	
  cases	
  active	
  learning	
  can	
  be	
  fostered	
  by	
  
the	
  judicious	
  use	
  of	
  technology,	
  as	
  has	
  been	
  demonstrated	
  in	
  using	
  clickers	
  for	
  peer	
  learning	
  
(Mazur,	
   1996).	
   	
   I	
   have	
   actively	
   adopted	
   new	
   techniques	
   of	
   technology-­‐enhanced	
   teaching	
  
such	
   as	
   clickers,	
   self-­‐graded	
   online	
   quizzes,	
   computer	
   simulations,	
   video-­‐conferenced	
  
discussions	
  and	
  flipped	
  classrooms	
  in	
  an	
  effort	
  to	
  empower	
  students	
  to	
  become	
  more	
  active	
  
and	
  to	
  help	
  them	
  visualize	
  and	
  connect	
  with	
  the	
  materials.	
  
	
  



Academic	
  Leadership	
   in	
  Teaching	
  and	
  Curriculum	
  Development	
   for	
  me	
   is	
  grounded	
   in	
  the	
  
notion	
   that	
  good	
   leadership	
   is	
  ultimately	
  a	
   form	
  of	
   teaching.	
  Good	
   leadership	
  needs	
   to	
  be	
  
empowering	
  –	
  and	
  to	
  give	
  all	
  members	
  in	
  an	
  organization	
  as	
  sense	
  that	
  their	
  voice	
  matters,	
  
and	
   that	
  ultimately	
   the	
   leader	
   is	
   serving	
   the	
   institution	
   -­‐	
   a	
  notion	
   sometimes	
  described	
  as	
  
Servant	
  Leadership	
  (Greenleaf,	
  2002).	
  Good	
  leadership,	
   like	
  good	
  teaching,	
  has	
  to	
  maintain	
  
its	
   own	
   relevance	
   and	
   authenticity,	
   by	
   making	
   sure	
   that	
   the	
   leader	
   is	
   responsive	
   to	
   the	
  
experience	
   and	
   interests	
   of	
   their	
   group,	
   and	
   that	
   the	
   leader	
   embodies	
   the	
   values	
   of	
   the	
  
institution.	
  The	
  psychological	
  and	
  cultural	
   components	
  of	
   leadership	
   requires	
  one	
   to	
   listen	
  
and	
   to	
   respect	
   the	
   different	
   viewpoints	
   of	
   people	
   in	
   the	
   organization,	
   as	
   they	
  embody	
   an	
  
expansion	
  of	
  perspective	
  and	
  knowledge	
  in	
  the	
  group	
  that	
  if	
  fully	
  incorporated	
  will	
  enhance	
  
the	
  excellence	
  of	
  the	
  group.	
  	
  Within	
  this	
  conception	
  is	
  a	
  strong	
  belief	
  that	
  active	
  listening	
  will	
  
ultimately	
  exert	
  the	
  greatest	
  impact	
  on	
  others	
  by	
  recognizing	
  their	
  viewpoints	
  and	
  learning	
  
from	
   their	
   ideas.	
   Any	
  messages	
   from	
   the	
   leader	
   should	
   include	
   an	
   awareness	
   of	
   the	
   four	
  
frames	
   of	
   leadership	
   (Bolman	
   and	
   Deal,	
   2008),	
   and	
   adequately	
   address	
   all	
   four	
   of	
   the	
  
Structural,	
   Human	
   Resource,	
   Political,	
   and	
   Symbolic	
   frames.	
   Good	
   leaders	
   employ	
  
communication	
   that	
   is	
   transparent,	
   honest,	
   and	
   accurate	
   -­‐	
   with	
   rigorous	
   use	
   of	
   data	
   in	
  
decision-­‐making	
   -­‐	
   just	
   as	
   good	
   teachers	
   are	
   ultimately	
   communicators,	
   who	
   benefit	
   from	
  
research-­‐validated	
  pedagogy.	
  
	
  

Impact	
  Statement	
  

	
  
During	
  my	
  career	
  as	
  a	
  professor	
  and	
  leader	
  in	
  teaching	
  and	
  education,	
  I	
  have	
  had	
  impacts	
  in	
  
four	
   primary	
   areas	
   -­‐	
   undergraduate	
   curriculum,	
   innovative	
   national	
   and	
   international	
  
initiatives	
   and	
   consortia,	
   new	
   international	
   programs	
   for	
   fostering	
   student	
   research	
   and	
  
global	
   liberal	
   arts,	
   and	
   technology-­‐enhanced	
   teaching	
  and	
   learning.	
   Each	
  area	
   is	
  described	
  
below	
  in	
  separate	
  sections.	
  	
  
	
  
Undergraduate	
   Curriculum.	
   Through	
   my	
   work	
   at	
   Pomona,	
   Yale	
   University	
   and	
   Yale-­‐NUS	
  
College,	
   I	
   have	
   been	
   responsible	
   for	
   several	
   ground-­‐breaking	
   initiatives	
   in	
   undergraduate	
  
education.	
   I	
  was	
  a	
  member	
  of	
  the	
   inaugural	
  curriculum	
  committee,	
  and	
  a	
  co-­‐author	
  of	
  the	
  
Yale-­‐NUS	
  College	
  curriculum	
  document	
  (Garsten,	
  et	
  al,	
  2013).	
  Other	
  innovative	
  initiatives	
  at	
  
Pomona	
  College	
  include	
  the	
  Fletcher	
  Jones	
  Foundation	
  Astrophysical	
  Computing	
  Initiative,	
  in	
  
which	
  I	
  was	
  responsible	
  for	
   leading	
  the	
  development	
  of	
  online	
  astrophysics	
  simulations	
  for	
  
undergraduates,	
  as	
  well	
   as	
  an	
  online	
   remotely	
  operated	
  observatory.	
  At	
  Pomona	
  College	
   I	
  
led	
   an	
   effort	
   that	
   enabled	
   the	
   construction	
   a	
   new	
  $1-­‐million	
  Digital	
   Immersive	
   Theatre	
   at	
  
Pomona	
  College	
  for	
  interdisciplinary	
  visualizations	
  in	
  the	
  sciences,	
  the	
  arts	
  and	
  humanities.	
  
As	
  part	
  of	
  my	
  Caltech	
  research	
  collaboration,	
  we	
  have	
  been	
  awarded	
  $5-­‐million	
  from	
  NSF	
  to	
  
develop	
   a	
   global	
   network	
   of	
   astronomical	
   observatories,	
   coupled	
   with	
   an	
   educational	
  
initiative	
   that	
  will	
  develop	
  a	
  set	
  of	
   international	
  astronomy	
  courses.	
   In	
   this	
  effort,	
   I	
  will	
  be	
  
leading	
   the	
   development	
   of	
   parallel	
   multi-­‐campus	
   observational	
   astronomy	
   courses	
   in	
   a	
  
format	
  sometimes	
  designated	
  as	
  a	
  DOCC	
  (Distributed	
  Open	
  Collaborative	
  Course).	
  Our	
  initial	
  
partners	
  include	
  Pomona	
  College,	
  Caltech,	
  Haverford	
  and	
  Williams	
  College,	
  and	
  we	
  hope	
  to	
  
add	
   our	
   international	
   partners	
   in	
   Taiwan,	
   India,	
   Israel,	
   Germany	
   and	
   Sweden	
   to	
   the	
  
collaboration.	
  
	
  



National	
   and	
   International	
   Initiatives	
   and	
   Consortia.	
   I	
   have	
   led	
   a	
   number	
   of	
   innovative	
  
national	
  and	
   international	
  consortia	
   for	
  advancing	
  science	
  education	
  and	
   liberal	
  arts.	
  Since	
  
1995	
  I	
  have	
  been	
  part	
  of	
  the	
  national	
  Project	
  Kaleidoscope	
  (or	
  PKAL)	
  effort	
  to	
  reform	
  science	
  
education.	
   I	
   was	
   a	
   member	
   of	
   the	
   first	
   class	
   of	
   the	
   PKAL	
   leadership	
   institute	
   as	
   a	
   junior	
  
faculty,	
   and	
   later	
   served	
   as	
   a	
   senior	
   faculty	
   mentor	
   in	
   2008,	
   2009,	
   and	
   2010.	
   Under	
   the	
  
auspices	
   of	
   the	
   American	
   Astronomical	
   Society,	
   and	
   the	
   American	
   Physical	
   Society,	
   I	
  
represented	
   Pomona	
   College	
   at	
   National	
   Astronomy	
   and	
   Physics	
   Chairs	
   Meetings,	
   and	
  
worked	
  with	
  other	
  department	
  chairs	
  to	
  lobby	
  for	
  increased	
  funding,	
  and	
  to	
  improve	
  physics	
  
and	
  astronomy	
  education	
  with	
  an	
  emphasis	
  on	
  increasing	
  equity	
  and	
  diversity	
   in	
  our	
  STEM	
  
workforce.	
   Other	
   national	
   educational	
   efforts	
   include	
   hosting	
   the	
   Astronomical	
   Society	
   of	
  
the	
   Pacific's	
   biennial	
   national	
   astronomy	
   education	
   conference	
   entitled	
   "Cosmos	
   in	
   the	
  
Classroom"	
   in	
   2007,	
   co-­‐founding	
   and	
   directing	
   the	
   Southern	
   California	
   PKAL	
   regional	
  
network	
  for	
  science	
  education	
  (culminating	
  in	
  a	
  regional	
  PKAL	
  meeting	
  at	
  Pomona	
  in	
  2010).	
  
In	
  2012	
  I	
  was	
  invited	
  to	
  a	
  Gordon	
  Conference	
  at	
  Colby	
  College,	
  Maine	
  in	
  2012	
  to	
  present	
  my	
  
work	
   on	
   "Astronomy	
   Research	
   and	
   Physics	
   Education."	
   I	
   also	
   serve	
   as	
   a	
   member	
   of	
   the	
  
Advisory	
  Board	
  for	
  the	
  MIT/NAE	
  task	
  force	
  on	
  "Liberal	
  Studies	
  in	
  Engineering,"	
  working	
  with	
  
other	
   national	
   leaders	
   in	
   STEM	
   education	
   to	
   establish	
   a	
   new	
   Engineering	
   Curriculum	
   that	
  
blends	
   humanities,	
   sciences,	
   and	
   arts	
  with	
   a	
  more	
   interdisciplinary	
   approach	
   to	
   design.	
   In	
  
January	
   of	
   2015	
   I	
   chaired	
   a	
   panel	
   discussion	
   in	
   Washington	
   D.C.	
   at	
   NAE,	
   entitled	
  
"Transcending	
  Silos	
  in	
  Colleges	
  and	
  Universities."	
  	
  In	
  May	
  of	
  2015,	
  I	
  was	
  also	
  invited	
  to	
  join	
  in	
  
the	
  Harvard	
  China	
  Fund	
  "Dialog	
  on	
  Global	
  Liberal	
  Arts	
  and	
  Sciences"	
  in	
  Shanghai,	
  China,	
  and	
  
my	
  presentation	
  on	
  liberal	
  arts	
  and	
  science	
  education	
  in	
  India	
  and	
  Singapore	
  is	
  going	
  to	
  be	
  
published	
  as	
  part	
  of	
  the	
  conference	
  proceedings.	
  	
  
	
  
International	
   Programs	
   for	
   Student	
   Research	
   and	
   Global	
   Liberal	
   Arts.	
   From	
  my	
   work	
   at	
  
Yale-­‐NUS	
  College	
  in	
  Singapore	
  I	
  have	
  helped	
  develop	
  a	
  student	
  exchange	
  program	
  between	
  
Yale-­‐NUS	
   College	
   and	
   Pomona	
   College,	
   and	
   have	
   helped	
   Yale-­‐NUS	
   College	
   expand	
   their	
  
summer	
   research	
  programs	
  and	
   to	
   include	
   international	
   students	
   and	
   to	
  expand	
   into	
  new	
  
countries.	
   I	
   have	
   hosted	
   and	
   co-­‐organized	
   two	
   conferences	
   on	
   the	
   "Future	
   of	
   Liberal	
   Arts	
  
and	
  Sciences	
  in	
  India,"	
  and	
  have	
  met	
  with	
  the	
  Presidents	
  of	
  major	
  universities	
  in	
  China	
  (such	
  
as	
   Tsinghua	
   University	
   in	
   Beijing,	
   NYU	
   Shanghai	
   and	
   Duke	
   Kunshan	
   University)	
   to	
   discuss	
  
liberal	
   arts	
   undergraduate	
   programs	
   in	
   Asia.	
   	
   At	
   Pomona	
   College,	
   I	
   founded	
   a	
   summer	
  
Research	
   Education	
   for	
   Undergraduates	
   (REU)	
   program	
   at	
   the	
   Carnegie	
   Observatories	
   in	
  
Pasadena	
   that	
   has	
   enabled	
   Claremont	
   College	
   undergraduates	
   to	
   conduct	
   astronomy	
  
research	
   in	
  Pasadena,	
  California	
  and	
  the	
  Las	
  Campanas	
  Observatory	
   in	
  Chile.	
  Our	
  NSF	
  PIRE	
  
proposal	
   at	
   Caltech	
   will	
   create	
   a	
   collaborative	
   global	
   network	
   of	
   observatories	
   in	
   Japan,	
  
Taiwan,	
   India,	
   Europe	
   and	
   California	
   that	
   also	
   will	
   enable	
   student	
   and	
   faculty	
   exchanges	
  
among	
   our	
   international	
   partners.	
   I	
   have	
   also	
   been	
   a	
   leader	
   in	
   the	
   new	
   Luce	
   Foundation	
  
proposal	
   entitled	
   "Envirolabs	
   Asia"	
   which	
   is	
   funding	
   an	
   interdisciplinary	
   study	
   of	
  
environmental	
   issues	
   in	
   Asia,	
   involving	
   faculty	
   from	
   the	
   Claremont	
   Colleges	
   and	
   Yale-­‐NUS	
  
College,	
  who	
  will	
  explore	
  this	
  research	
  with	
  teams	
  of	
  students	
  from	
  both	
  institutions.	
  	
  
	
  
Technology-­‐Enhanced	
  Teaching	
  and	
  Learning.	
  	
  As	
  chair	
  of	
  the	
  Pomona	
  College	
  Teaching	
  and	
  
Learning	
   Committee	
   and	
   later	
   as	
   Chair	
   of	
   the	
   Future	
   Learning	
   Technologies	
   Committee	
   I	
  
arranged	
   for	
   workshops	
   and	
   discussions	
   about	
   technology-­‐enhanced	
   learning,	
   and	
  



supervised	
  grant	
  programs	
   for	
   technology-­‐enhanced	
  teaching.	
  As	
  co-­‐Director	
  of	
   the	
  LACOL	
  
consortium,	
   I	
  met	
  with	
  Presidents,	
  Provosts,	
  CIOs	
  and	
  faculty	
   from	
  eight	
  of	
  our	
   liberal	
  arts	
  
institutions,	
  and	
  discussed	
  ways	
   in	
  which	
  we	
  could	
  expand	
   technology-­‐enhanced	
   teaching.	
  
This	
  work	
  included	
  hosting	
  a	
  national	
  conference	
  at	
  Pomona	
  College,	
  and	
  meeting	
  with	
  the	
  
founders	
  of	
  the	
  online	
  education	
  providers	
  Coursera	
  and	
  EdX.	
  	
  During	
  my	
  work	
  at	
  Yale-­‐NUS	
  
College,	
   I	
  have	
  arranged	
  meetings	
  with	
  Yale	
  Online,	
   the	
  Yale	
  Summer	
  School,	
  and	
  the	
  NUS	
  
CDTL	
  to	
  develop	
  online	
  courses	
  and	
  lectures	
  to	
  link	
  Yale-­‐NUS	
  College	
  and	
  Yale	
  University	
  in	
  
New	
   Haven.	
   From	
   these	
   efforts,	
   several	
   pilot	
   programs	
   are	
   underway	
   to	
   link	
   Yale-­‐NUS	
  
College	
  with	
  institutions	
  in	
  North	
  America	
  and	
  Asia.	
  
	
  

Methodology	
  

	
  
At	
   Yale-­‐NUS	
   College	
   a	
   standard	
   set	
   of	
   performance	
   reviews	
   are	
   conducted	
   for	
   faculty	
  
members,	
   in	
  which	
  each	
  professor	
   is	
  evaluated	
  by	
  the	
  Division	
  Director	
  and	
  Dean	
  for	
  their	
  
quality	
   of	
   teaching	
   and	
   research.	
   I	
   am	
   participating	
   in	
   this	
   program,	
   as	
   well	
   as	
   in	
   an	
  
independent	
  review	
  of	
  my	
  performance	
  as	
  Director	
  for	
  the	
  Center	
  of	
  Teaching	
  and	
  Learning.	
  
Within	
   the	
   "blueprint"	
   document	
   I	
   wrote	
   defining	
   the	
   Teaching	
   and	
   Learning	
   Center,	
   I	
  
included	
   a	
   specific	
   set	
   of	
   deliverables	
   that	
   included	
   academic	
   year	
   programming,	
   visiting	
  
scholars	
   of	
   pedagogy,	
   conference	
   planning	
   and	
   faculty	
   development	
   programs	
   for	
   new	
  
incoming	
  and	
  experienced	
  faculty.	
  The	
  assessment	
  of	
  these	
  programs	
  will	
  be	
  conducted	
  by	
  
the	
  Vice	
  President	
  of	
  Academic	
  Affairs,	
  the	
  President	
  and	
  the	
  Dean	
  of	
  the	
  College.	
  
	
  
In	
   addition	
   to	
   these	
   standard	
   formal	
   procedures	
   for	
   assessment,	
   I	
   rely	
   on	
   feedback	
   from	
  
Yale-­‐NUS	
   faculty	
   to	
   guide	
   our	
   programming	
   at	
   the	
   Center.	
  Our	
   feedback	
   channels	
   include	
  
online	
   surveys,	
   solicitation	
   of	
   comments	
   from	
   email	
   and	
   in-­‐person	
   interviews,	
   and	
  
discussions	
   with	
   peer	
   institutions	
   such	
   as	
   NUS	
   and	
   NTU	
   to	
   compare	
   our	
   programs	
   with	
  
theirs.	
   Throughout	
   the	
   year	
   I	
   will	
   be	
   providing	
   multiple	
   consultations,	
   programming	
   and	
  
resource	
  guides,	
  and	
  we	
  will	
  be	
  surveying	
  faculty	
  on	
  the	
  effectiveness	
  of	
  these	
  offerings.	
  	
  	
  
	
  
Our	
   Foundations	
  of	
   Science	
   (FOS)	
   course	
   is	
   also	
  being	
  assessed	
   carefully	
  using	
  a	
   set	
  of	
   in-­‐
person	
  focus	
  group	
   interviews	
  and	
  online	
  survey	
   instruments,	
  such	
  as	
  the	
  Science	
  Attitude	
  
Survey	
   (Glynn,	
  2006).	
  Deep	
  assessment,	
  which	
   includes	
  critical	
   reflective	
  writing	
  about	
  our	
  
learning	
   outcomes	
   (Ash	
   and	
   Clayton,	
   2009)	
   will	
   be	
   conducted	
   using	
   research-­‐validated	
  
techniques	
   for	
   generating	
   prompts	
   for	
   reflective	
  writing	
   and	
   interviews	
  with	
   carefully	
   and	
  
randomly	
  selected	
  students	
  to	
  form	
  a	
  representative	
  sample.	
  These	
  assessments	
  will	
  help	
  us	
  
determine	
  whether	
  our	
  Foundations	
  of	
   Science	
   course	
   is	
  effective,	
   and	
   form	
   the	
   template	
  
for	
  future	
  assessments	
  of	
  other	
  of	
  our	
  science	
  courses.	
  	
  I	
  am	
  hoping	
  to	
  expand	
  the	
  number	
  
and	
  sophistication	
  of	
  assessments	
  for	
  other	
  of	
  our	
  courses	
  at	
  Yale-­‐NUS	
  College,	
  and	
  will	
  be	
  
meeting	
   with	
   course	
   coordinators	
   to	
   design	
   and	
   implement	
   assessments	
   across	
   the	
   Yale-­‐
NUS	
  College	
  in	
  the	
  coming	
  year.	
  The	
  SoTL	
  course	
  has	
  provided	
  valuable	
  training	
  in	
  necessary	
  
methodologies	
   to	
   conduct	
   the	
   FOS	
   assessment,	
   and	
   this	
   forms	
   the	
   basis	
   of	
   my	
   capstone	
  
project.	
  Within	
  the	
  SoTL	
  course	
  I	
  also	
  have	
  realized	
  that	
  the	
  authentic	
  assessment	
  of	
  student	
  
learning	
   is	
   a	
   key	
   component	
   of	
   my	
   educational	
   practice	
   and	
   I	
   hope	
   to	
   implement	
   and	
  
measure	
  effectiveness	
  of	
  both	
   courses	
   I	
   teach	
  and	
   curriculum	
   I	
   lead	
   in	
   terms	
  of	
   authentic	
  
assessment	
  and	
  alignment	
  between	
  espoused,	
  enacted	
  and	
  experienced	
  learning	
  outcomes.	
  



	
  
This	
   SoTL	
   course	
   has	
   also	
   taught	
   me	
   that	
   the	
   Scholarship	
   of	
   Curriculum	
   Practice	
   (SoCP)	
  
requires	
   constant	
   attention	
   to	
   assessment	
   of	
   effectiveness	
   across	
   both	
   horizontally	
   and	
  
vertically	
   integrated	
   curriculum,	
   and	
   to	
  measure	
   the	
   learning	
  outcomes	
   systematically.	
   	
   In	
  
my	
  practice	
  as	
  an	
  educational	
   leader,	
   I	
  hope	
   to	
  employ	
   the	
  same	
  methodologies	
  of	
   sound	
  
SoCP	
   that	
  were	
   described	
   in	
   the	
   podcast	
   by	
   Joanna	
   Bates.	
   In	
   her	
  work	
   she	
   is	
   sure	
   to	
   use	
  
program	
   evaluation	
   indicators	
   that	
   include	
   short-­‐term	
   indicators,	
   medium	
   and	
   long-­‐term	
  
indicators.	
  The	
  methodology	
  I	
  can	
  employ	
  to	
  assess	
  the	
  effectiveness	
  of	
  my	
  practice	
  can	
  also	
  
employ	
   such	
   indicators,	
   which	
   for	
   each	
   timeframe	
   will	
   rely	
   on	
   a	
   mix	
   of	
   quantitative	
   and	
  
qualitative	
  data.	
  For	
  short-­‐term	
  indicators,	
  I	
  can	
  rely	
  on	
  consistent	
  and	
  positive	
  evaluations	
  
from	
  students,	
  positive	
  feedback	
  from	
  colleagues,	
  and	
  frequent	
  and	
   increasing	
  numbers	
  of	
  
requests	
   for	
  advice	
  and	
   input	
   from	
  my	
  faculty	
  on	
  matters	
   related	
  to	
  teaching	
  and	
   learning	
  
and	
  to	
  larger	
  policies	
  of	
  educational	
  leadership	
  from	
  the	
  administrators	
  at	
  Yale-­‐NUS	
  College.	
  
The	
  medium	
  term	
   indicators	
  would	
   include	
   invitations	
   to	
   speak	
  at	
   conferences,	
   invitations	
  
for	
  high-­‐level	
  meetings	
  to	
  discuss	
  educational	
  policy,	
  and	
  increasing	
  levels	
  of	
  influence	
  both	
  
within	
   the	
  Yale-­‐NUS	
  campus	
  and	
  at	
  NUS	
  and	
  beyond	
   through	
   improved	
   contacts	
   and	
  high	
  
level	
   consultations	
  with	
   academic	
   leaders	
   in	
   the	
   region.	
   Longer	
   term	
   indicators	
   of	
   success	
  
would	
  include	
  traditional	
  metrics	
  such	
  as	
  publications	
  and	
  citations	
  and	
  also	
  the	
  impacts	
  of	
  
my	
   projects	
   as	
   indicated	
   by	
   external	
   reviews	
   of	
   the	
   Yale-­‐NUS	
   Curriculum,	
  monographs	
   on	
  
teaching	
  and	
  learning	
  that	
  I	
  have	
  co-­‐edited	
  or	
  wrote	
  (with	
  subsequent	
  feedback	
  and	
  sales),	
  
and	
  even	
  adoption	
  of	
   some	
  of	
   the	
  curriculum	
  practices	
  disseminated	
   through	
  some	
  of	
   the	
  
educational	
  research	
  we	
  will	
  be	
  conducting	
  at	
  Yale-­‐NUS	
  College.	
  

Ultimately	
  the	
  methodology	
  I	
  employ	
  in	
  my	
  work	
  as	
  an	
  educational	
  leader	
  should	
  follow	
  the	
  
framework	
  for	
  “good	
  practice”	
  in	
  SoTL	
  (Felton,	
  2013).	
  To	
  this	
  end	
  I	
  should	
  ground	
  my	
  work	
  
in	
  an	
  effort	
   that	
   is	
  always	
   focused	
  on	
  student	
   learning,	
  be	
  grounded	
  within	
   the	
  context	
  of	
  
each	
  project	
  and	
  problem	
  I	
  am	
  working	
  on,	
  which	
  may	
  also	
  require	
  flexibility	
  in	
  adopting	
  the	
  
correct	
  methodology	
  for	
  each	
  problem.	
  This	
  framework	
  also	
  prescribes	
  that	
  work	
  be	
  done	
  in	
  
partnership	
  with	
  students	
  in	
  a	
  manner	
  that	
  is	
  appropriately	
  public,	
  while	
  soliciting	
  feedback	
  
from	
   diverse	
   stakeholders,	
   and	
   providing	
   clear	
   and	
   transparent	
   communication	
   about	
   the	
  
motivations	
  and	
  background	
  research	
  that	
  informs	
  policy	
  recommendations	
  and	
  curriculum.	
  
These	
  recommendations	
  for	
  good	
  practice	
  in	
  SoTL	
  were	
  developed	
  for	
  educational	
  research,	
  
but	
  apply	
  generally	
  to	
  educational	
  leadership	
  and	
  provide	
  a	
  great	
  example	
  of	
  how	
  SoTL	
  can	
  
naturally	
  promote	
  effective	
  educational	
   leadership	
  –	
  something	
   I	
  am	
  hoping	
  to	
  accomplish	
  
through	
  an	
  awareness	
  and	
  of	
   the	
   research-­‐validated	
  approaches	
   to	
  education	
  discussed	
   in	
  
this	
  course.	
  	
  

	
  

	
  

	
  

	
  
	
  
	
  
	
  



References	
  

	
  
Ash,	
  S.	
  L.,	
  and	
  Clayton,	
  P.	
  J.,	
  "Generating,	
  Deeping	
  and	
  Documenting	
  Learning:	
  The	
  Power	
  of	
  

Critical	
  Reflection	
  in	
  Applied	
  Learning,"	
  Journal	
  of	
  Applied	
  Learning	
  in	
  Higher	
  Education,	
  
Vol.	
  1,	
  p.	
  25.	
  	
  

Bain,	
  2004,	
  What	
  the	
  Best	
  College	
  Teachers	
  Do,	
  Cambridge,	
  MA:Belknap	
  Press.	
  	
  
Bain,	
  K.,	
  2012,	
  What	
  the	
  Best	
  College	
  Students	
  Do,	
  Cambridge,	
  MA:Belknap	
  Press.	
  	
  
Biggs,	
  J.,	
  1996,	
  "Enhancing	
  teaching	
  through	
  constructive	
  alignment,"	
  Higher	
  Education	
  32:	
  

347-­‐364.	
  
Biggs	
  J.,	
  and	
  Tang,	
  C.,	
  2011,	
  Teaching	
  for	
  Quality	
  Learning	
  at	
  University,	
  4th	
  Edition,	
  New	
  York,	
  

N.Y.:	
  Open	
  University	
  Press	
  /	
  McGraw	
  Hill	
  Education.	
  	
  
Bolman,	
  L.G.,	
  	
  and	
  Deal,	
  T.E.,	
  1998,	
  Reframing	
  Organizations	
  -­‐	
  Artistry,	
  Choice,	
  and	
  Leadership,	
  

San	
  Francisco,	
  CA:	
  Jossey-­‐Bass.	
  
Dweck,	
  C.S.,	
  1999,	
  Self-­‐theories:	
  Their	
  role	
  in	
  motivation,	
  personality,	
  and	
  development.	
  Essays	
  

in	
  social	
  psychology.	
  New	
  York,	
  NY:	
  Random	
  House.	
  	
  
Dweck,	
  C.S.,	
  and	
  Leggett,	
  	
  E.L.,	
  1988,	
  "A	
  social-­‐cognitive	
  approach	
  to	
  motivation	
  and	
  

personality,"	
  Psychological	
  Review,	
  95	
  (2),	
  256-­‐273.	
  
Felton,	
  P.,	
  2013,	
  “Principles	
  of	
  Good	
  Practice	
  in	
  SoTL,”	
  in	
  Teaching	
  and	
  Learning	
  inquiry,	
  the	
  

ISSOTL	
  Journal,	
  1:1,	
  121.	
  	
  
Forsyth,	
  D.R.,	
  2009,	
  Group	
  Dynamics,	
  5th	
  ed.,	
  Pacific	
  Grove,	
  CA:	
  Brooks/Cole.	
  	
  
Garsten,	
  B.,	
  Patke,	
  R.,	
  Bailyn,	
  C.,	
  Jacobs,	
  J.M.,	
  Chuan,	
  K.H.,	
  and	
  Penprase,	
  B.,	
  2013,	
  "Yale-­‐NUS	
  

College:	
  A	
  New	
  Community	
  of	
  Learning,"	
  accessed	
  at	
  http://www.yale-­‐nus.edu.sg/wp-­‐
content/uploads/2013/09/Yale-­‐NUS-­‐College-­‐Curriculum-­‐Report.pdf	
  .	
  

Greenleaf,	
  R.	
  K.,	
  2002,	
  Servant	
  Leadership:	
  A	
  Journey	
  into	
  the	
  Nature	
  of	
  Legitimate	
  Power	
  and	
  
Greatness,	
  Costa	
  Mesa,	
  CA	
  :	
  Paulist	
  Press.	
  

Handelsman,	
  J.,	
  Miller,	
  S.,	
  and	
  Pfund,	
  C.,	
  2007,	
  Scientific	
  Teaching,	
  New	
  York,	
  N.Y.:	
  W.	
  J.	
  
Freeman.	
  	
  

Glynn,	
  S.	
  M.,	
  &	
  Koballa,	
  T.	
  R.,	
  Jr.,	
  2006,	
  "Motivation	
  to	
  learn	
  college	
  science,	
  "	
  in	
  J.	
  J.	
  Mintzes	
  &	
  
W.	
  H.	
  Leonard	
  (Eds.),	
  Handbook	
  of	
  college	
  science	
  teaching,	
  pp.	
  25-­‐32.	
  Arlington,	
  VA:	
  
National	
  Science	
  Teachers	
  Association	
  Press.	
  

Kolb,	
  D.A.,	
  1984,	
  Experiential	
  learning:	
  Experience	
  as	
  the	
  source	
  of	
  learning	
  and	
  development	
  
(Vol.	
  1),	
  Englewood	
  Cliffs,	
  NJ:	
  Prentice-­‐Hall.	
  

Kolb,	
  A.Y.	
  and	
  Kolb,	
  D.	
  A.,	
  2005,	
  "Learning	
  Styles	
  and	
  Learning	
  Spaces:	
  Enhancing	
  Experiential	
  
Learning	
  in	
  Higher	
  Education,"	
  Academy	
  of	
  Management	
  Learning	
  &	
  Education,	
  Vol.	
  4,	
  No.	
  
2.,	
  193-­‐212.	
  	
  

Lombardi,	
  M.,	
  2007,	
  "Authentic	
  Learning	
  for	
  the	
  21st	
  Century:	
  An	
  Overview,"	
  EDUCAUSE	
  
Learning	
  Initiative	
  Paper	
  1,	
  accessed	
  at	
  
https://net.educause.edu/ir/library/pdf/ELI3009.pdf.	
  	
  

Mazur,	
  E.,	
  1996,	
  	
  Peer	
  Instruction	
  -­‐	
  A	
  User's	
  Manual,	
  Boston,	
  MA:	
  Addison-­‐Wesley.	
  	
  
O'Keefe,	
  P.,	
  2012,	
  "Mindsets	
  and	
  Self-­‐Evaluation:	
  How	
  beliefs	
  about	
  Intelligence	
  can	
  create	
  a	
  

Preference	
  for	
  Growth	
  over	
  Defensiveness,"	
  Oxford	
  University	
  Press.	
  
Palmer,	
  P.,	
  2007.	
  The	
  Courage	
  to	
  Teach	
  -­‐	
  Exploring	
  the	
  Inner	
  Landscape	
  of	
  a	
  Teacher's	
  Life,	
  San	
  

Francisco,	
  CA:	
  Jossey-­‐Bass.	
  

	
   	
  



SoTL Leadership ePortfolio Assignment # 2 

Thematic Review of Educational Scholarship in HE  

THEME	
  1:	
  SoTL	
  Leadership/SoEL	
  Contexts:	
  Institutional,	
  National,	
  Regional	
  &	
  Global	
  

Selected	
  sources	
  consulted	
  include	
  journal	
  articles,	
  book	
  chapters,	
  and	
  lecture	
  podcasts:	
  

(1) Journal	
  Articles	
  and	
  Book	
  Chapters	
  
• McGrath	
  &	
  Laskov	
  (2014)	
  Laying	
  bare	
  educational	
  crosstalk:	
  a	
  study	
  of	
  discursive	
  repertoires	
  

in	
  the	
  wake	
  of	
  educational	
  refrorm.	
  International	
  Journal	
  of	
  Academic	
  Development,	
  19(2),	
  
139-­‐149.	
  

• 	
  Chng	
  Huang	
  Hoon	
  &	
  Peter	
  Looker	
  (2013),	
  “On	
  the	
  margins	
  of	
  SoTL	
  discourse:	
  An	
  Asian	
  
perspective.”	
  Teaching	
  Learning	
  Inquiry,	
  Indiana	
  University	
  Press,	
  Volume	
  1,	
  2013.	
  

• Ten	
  year	
  reflections	
  on	
  mentoring	
  SoTL	
  research	
  in	
  a	
  Research-­‐Intensive	
  University	
  (Hubball,	
  
Clarke,	
  Poole	
  2010)	
  

• 	
  Assessing	
  Faculty	
  Wellness:	
  Critical	
  Foundations	
  for	
  the	
  Scholarship	
  of	
  Teaching	
  and	
  
Learning	
  (Hubball	
  &	
  West,	
  2008)	
  

• Bryk	
  A.	
  S.,	
  Gomez	
  L.	
  M.,	
  &	
  Grunow,	
  A.	
  (2011).	
  Getting	
  ideas	
  into	
  action:	
  Building	
  networked	
  
improvement	
  communities	
  in	
  education.	
  Retrieved	
  May	
  15,	
  2015	
  
fromhttp://www.carnegiefoundation.org/resources/publications/getting-­‐ideas-­‐action-­‐
building-­‐networked-­‐improvement-­‐communities-­‐education/	
  

• International	
  Collaboration	
  in	
  SoTL:	
  Current	
  Status	
  and	
  Future	
  Direction	
  (MacKenzie	
  &	
  
Meyers,	
  2012)	
  

• Increasing	
  the	
  Impact	
  of	
  SoTL:	
  Two	
  Sometimes	
  Neglected	
  Opportunities	
  (McKinney,	
  2012)	
  	
  
• "Who	
  is	
  entitled	
  to	
  do	
  SoTL",	
  (Svinicki,	
  2012)	
  
• Scholarly	
  Teaching:	
  Suggestions	
  for	
  a	
  Road	
  More	
  Traveled	
  (Zakrajsek,	
  2013)	
  
• Cruz,	
  L	
  (2014).	
  Opposing	
  forces:	
  institutional	
  theory	
  and	
  second-­‐generation	
  Scholarship	
  of	
  

Teaching	
  and	
  Learning.	
  International	
  Journal	
  for	
  the	
  Scholarship	
  of	
  Teaching	
  and	
  Learning,	
  
8(1).	
  

• Harry	
  Hubball	
  &	
  Anthony	
  Clarke	
  (2010),	
  “Diverse	
  methodological	
  approaches	
  and	
  
considerations	
  for	
  SoTL	
  in	
  Higher	
  Education”,	
  The	
  Canadian	
  Journal	
  for	
  the	
  Scholarship	
  of	
  
Teaching	
  and	
  Learning,	
  Volume	
  1,	
  Issue	
  1,	
  pp.1-­‐11.	
  
	
  

(2) Podcasts	
  and	
  Optional	
  Video	
  Recordings	
  
• “Developing	
  institutional	
  SoTL	
  leadership:	
  The	
  scholarship	
  of	
  teaching,	
  learning	
  and	
  

curriculum	
  practice”	
  

As	
  I	
  began	
  my	
  journey	
  into	
  the	
  literature	
  of	
  SoTL,	
   I	
  wanted	
  to	
  read	
  ALL	
  the	
  articles	
   in	
  the	
  listing	
  to	
  
get	
  an	
  overview	
  of	
   the	
  subject.	
  Time	
  only	
  allowed	
  for	
  about	
  half	
  of	
   the	
  articles	
   to	
  be	
  read,	
  but	
  by	
  
good	
   fortune,	
   Antony	
   Bryk	
  was	
   a	
   visitor	
   to	
  NUS	
   during	
   the	
   early	
   period	
   of	
   our	
   SoTL	
   course	
   and	
   I	
  
attended	
   two	
   of	
   his	
   talks	
   and	
   one	
   of	
   workshop	
   that	
   he	
   ran	
   on	
   Networked	
   Improvement	
  
Communities.	
  During	
  the	
  first	
  part	
  of	
  the	
  course,	
  the	
  NUS	
  CDTL	
  was	
  also	
  convening	
  all-­‐Singapore	
  CTL	
  
leaders	
  to	
  attend	
  discussions	
  on	
  how	
  to	
  create	
  a	
  Singaporean	
  network	
  for	
  Faculty	
  Development	
  and	
  
SoTL	
  among	
  the	
  many	
  new	
  tertiary	
   institutions	
  within	
  Singapore.	
  These	
  developments	
  provided	
  an	
  

https://connect.ubc.ca/webapps/blackboard/content/listContent.jsp?course_id=_60235_1&content_id=_2609327_1
http://www.tandfonline.com/doi/full/10.1080/1360144X.2012.716760
http://www.tandfonline.com/doi/full/10.1080/1360144X.2012.716760
http://www.tandfonline.com/doi/abs/10.1080/13601441003737758
http://www.kpu.ca/td/past-issues/2-1
http://www.kpu.ca/td/past-issues/2-1
http://www.carnegiefoundation.org/resources/publications/getting-ideas-action-building-networked-improvement-communities-education/
http://www.carnegiefoundation.org/resources/publications/getting-ideas-action-building-networked-improvement-communities-education/
http://w3.georgiasouthern.edu/ijsotl/v6n1/invited_essays/MacKenzie_Myers/index.html
http://w3.georgiasouthern.edu/ijsotl/v6n1/invited_essays/McKinney/index.html
http://w3.georgiasouthern.edu/ijsotl/v6n2/invited_essays/Svinicki/index.html
http://w3.georgiasouthern.edu/ijsotl/v7n1/invited_essays/Zakrajsek/index.html
http://digitalcommons.georgiasouthern.edu/cgi/viewcontent.cgi?article=1423&context=ij-sotl
http://digitalcommons.georgiasouthern.edu/cgi/viewcontent.cgi?article=1423&context=ij-sotl


exciting	
  real-­‐world	
  immersion	
  into	
  the	
  world	
  of	
  leading	
  SoEL	
  and	
  SoTL,	
  as	
  I	
  was	
  just	
  starting	
  my	
  role	
  
as	
  the	
  director	
  of	
  Teaching	
  and	
  Learning	
  Centre	
  at	
  Yale-­‐NUS	
  College.	
  	
  

From	
  our	
  discussions	
  in	
  our	
  cohort	
  meeting,	
  the	
  workshops	
  at	
  NUS,	
  and	
  meetings	
  with	
  other	
  leaders	
  
of	
   Centres	
   across	
   Singapore,	
   my	
   initial	
   questions	
   about	
   SoTL	
   shifted	
   from	
   ones	
   focused	
   on	
   my	
  
research	
   question	
   and	
   institution	
   to	
   larger	
   questions	
   about	
   the	
   role	
   of	
   SoTL	
   in	
   teaching,	
   in	
  
educational	
   leadership	
   and	
   in	
   designing	
   and	
   organizing	
   higher	
   educational	
   institutions.	
   I	
   became	
  
aware	
   –	
   almost	
   by	
   revelation	
   –	
   of	
   some	
   of	
   the	
  many	
   practices	
   that	
   SoTL	
   has	
   been	
   studying	
   and	
  
describing	
  that	
  had	
  been	
  in	
  place	
  all	
  around	
  me	
  throughout	
  my	
  career.	
  I	
  also	
  became	
  of	
  the	
  dazzling	
  
lack	
  of	
  awareness	
  of	
  SoTL	
  among	
  educational	
  leaders	
  and	
  most	
  professors.	
  The	
  disconnect	
  between	
  
the	
   SoTL	
   community	
   and	
   educational	
   policymakers	
   in	
   many	
   institutions	
   was	
   striking,	
   and	
   I	
  
recognized	
  the	
  need	
  for	
  better	
  communication	
  about	
  the	
  findings	
  of	
  SoTL	
  to	
  academic	
  leadership	
  –	
  
both	
   in	
   my	
   institution(s)	
   (NUS,	
   Yale-­‐NUS	
   and	
   Pomona)	
   –	
   and	
   to	
   larger	
   constituencies	
   who	
   are	
  
overseeing	
  higher	
  education	
  and	
  policy.	
  The	
  awareness	
  among	
  professors,	
  administrators,	
  and	
  other	
  
academics	
   of	
   the	
   principles	
   of	
   SoTL	
   can	
   help	
   better	
   organize	
   classes,	
   curriculum,	
   programs	
   and	
  
departments,	
  and	
  align	
  them	
  with	
  research-­‐validated	
  methods	
  of	
  teaching	
  and	
  learning.	
  

From	
  the	
  readings,	
  some	
  of	
  these	
  issues	
  were	
  also	
  played	
  out,	
  and	
  it	
  was	
  interesting	
  to	
  read	
  about	
  
the	
   dialog	
  within	
   the	
   SoTL	
   community	
   about	
   these	
   very	
   issues.	
  McGrath	
   and	
   Laskov	
   (2014)	
  write	
  
about	
   the	
   “educational	
   crosstalk”	
   within	
   higher	
   education	
   in	
   Europe.	
   The	
   disconnect	
   between	
  
change	
  coming	
  from	
  above	
  and	
  below	
  was	
  striking	
  –	
  finding	
  a	
  middle	
  ground	
  to	
  connect	
  innovative	
  
practitioners	
  within	
  classes	
  with	
  high-­‐level	
  policy	
  makers	
   seems	
   to	
  be	
  a	
  key	
   issue	
   in	
   their	
   context.	
  
They	
   thoughtfully	
   point	
   out	
   how	
   “discourse	
   or	
   discursive	
   repertoires”	
   based	
   on	
   “shared	
  
understandings,	
   assumptions,	
   theories	
   of	
   action	
   and	
   values	
   around	
   a	
   common	
   phenomenon”	
   are	
  
key	
   to	
   making	
   this	
   connection	
   within	
   and	
   across	
   institutions.	
   However	
   the	
   discourse	
   of	
  
“management”	
  in	
  many	
  cases	
  seems	
  at	
  cross	
  purposes	
  from	
  those	
  from	
  the	
  discourse	
  of	
  “teaching.”	
  
Within	
  this	
  article	
   is	
  reference	
  to	
  “communities	
  of	
  practice”	
  which	
  typically	
  are	
  department	
  based,	
  
and	
  which	
   are	
   the	
  primary	
   agents	
  of	
   change	
   in	
  universities.	
   The	
   study	
   continued	
   to	
  describe	
  how	
  
varied	
   levels	
   of	
   understanding	
   of	
   educational	
   theory	
   and	
  designed	
   caused	
   conflict	
   and	
   friction,	
   as	
  
well	
  as	
  frustration	
  among	
  professors	
  when	
  their	
   leaders	
  were	
   less	
  well	
  versed	
   in	
  these	
   issues	
  than	
  
they	
  were.	
  	
  

One	
   initiative	
   to	
   help	
   address	
   this	
   is	
   the	
   very	
   SoTL	
   course	
   we	
   are	
   enrolled	
   in.	
   This	
   course	
   was	
  
described	
   in	
   some	
  detail	
  by	
  Huball,	
  Clark	
  and	
  Poole	
   (2010),	
   in	
   the	
   context	
  of	
  UBC.	
  They	
  point	
  out	
  
that	
  some	
  of	
  the	
  barriers	
  for	
  creating	
  a	
  shared	
  understanding	
  of	
  SoTL	
  contexts	
  are	
  the	
  very	
  different	
  
disciplinary	
  trainings	
  of	
  faculty.	
  In	
  particular,	
  “those	
  unfamiliar	
  with	
  social	
  science	
  research	
  methods,	
  
experience	
  significant	
  methodological	
  research	
  when	
  conducting	
  SoTL	
  research.”	
  The	
  article	
  further	
  
stresses	
   the	
   importance	
   of	
   Communities	
   of	
   Practice	
   or	
   COPs.	
   Building	
   COPs	
   in	
   SoTL,	
   and	
   having	
  
mentoring	
   by	
   role	
  models	
   seems	
   to	
   be	
   a	
   key	
   element	
   in	
   expanding	
   SoTL	
   in	
   a	
   campus.	
   The	
   article	
  
then	
   analyzed	
   the	
   methodologies	
   and	
   impacts	
   of	
   SoTL	
   research	
   on	
   “students”	
   in	
   the	
   certificate	
  
program.	
   It	
   found	
  that	
  most	
  performed	
  qualitative	
  research	
  with	
  only	
  24%	
  using	
  “mixed	
  methods”	
  
research	
   and	
   5%	
   giving	
   primary	
   emphasis	
   on	
   quantitative	
   data	
   analysis.	
   Despite	
   the	
   challenges	
   of	
  
bringing	
   new	
   practitioners	
   into	
   SoTL	
   and	
   educational	
   research,	
   the	
   article	
   found	
   that	
   “the	
   vast	
  
majority	
   of	
   multidisciplinary	
   faculty	
   members	
   undertaking	
   SoTL	
   research	
   found	
   it	
   both	
  
‘epistemologically	
  challenging’	
  and	
  empowering.”	
   	
  A	
   further	
   interesting	
  article	
  by	
  Huball	
  and	
  West	
  
(2008)	
  attempts	
  to	
  measure	
  “faculty	
  wellness”	
  as	
  a	
  tool	
   for	
  assessing	
  an	
   institution’s	
  readiness	
   for	
  



SoTL.	
  An	
   instrument	
  entitled	
  the	
  “Faculty	
  Wellness	
  Appraisal”	
  asks	
  a	
  wide	
  range	
  of	
  questions	
  both	
  
about	
  interpersonal	
  issues,	
  departmental	
  structures,	
  and	
  individual	
  wellness	
  questions	
  about	
  topics	
  
such	
  as	
  diet,	
  sleep,	
  mental	
  health	
  and	
  balance	
  in	
  emotional	
  and	
  social	
  contexts.	
  	
  

From	
  the	
  first	
  set	
  of	
  articles,	
  a	
  question	
  I	
  was	
  asking	
  is	
  “who	
  is	
  entitled	
  to	
  do	
  SoTL?”	
  based	
  both	
  on	
  
the	
  challenges	
  I	
  was	
  feeling	
  from	
  social	
  science	
  methodologies,	
  and	
  the	
  larger	
  questions	
  of	
  authority	
  
–	
   by	
   what	
   authority	
   can	
   practitioners	
   of	
   SoTL	
   advise	
   others	
   in	
   their	
   teaching,	
   and	
   what	
   sorts	
   of	
  
background	
  preparation	
  are	
  necessary	
  and	
  sufficient	
   for	
  one	
  to	
  become	
  a	
  Scholar	
  of	
  Teaching	
  and	
  
Learning?	
  	
  This	
  question	
  is	
  answered	
  in	
  the	
  article	
  by	
  Svincki	
  (2012),	
  who	
  describes	
  the	
  importance	
  
of	
   “Pedagogical	
   Content	
   Knowledge”	
   	
   which	
   is	
   at	
   the	
   intersection	
   of	
   disciplinary	
   content	
   and	
  
pedagogical	
  theory.	
  For	
  SoTL	
  this	
  has	
  to	
  be	
  taken	
  one	
  step	
  further,	
  to	
  obtain	
  “pedagogical	
  content	
  
research	
  knowledge.”	
  	
  To	
  answer	
  the	
  question	
  of	
  who	
  is	
  entitled,	
  the	
  author	
  points	
  toward	
  an	
  ideal	
  
of	
  having	
  “distributive	
  expertise”	
   in	
  the	
  form	
  of	
  a	
  research	
  team.	
  The	
   idea	
   is	
   for	
  no	
  one	
  person	
  to	
  
have	
   all	
   of	
   the	
   pedagogical	
   or	
   content	
   knowledge,	
   but	
   for	
   leaders	
   in	
   SoTL	
   to	
   create	
   groups	
   and	
  
programs	
  in	
  which	
  the	
  various	
  pieces	
  of	
  expertise	
  can	
  combine	
  to	
  create	
  the	
  necessary	
  critical	
  mass	
  
of	
  knowledge	
  for	
  educational	
  research	
  to	
  be	
  effective.	
  Knowing	
  how	
  best	
  to	
  create	
  these	
  groups	
  and	
  
institutions,	
  to	
  me	
  seems	
  to	
  be	
  one	
  facet	
  of	
  the	
  Scholarship	
  of	
  Educational	
  Leadership.	
  	
  

A	
   curious	
   article	
   on	
   “Scholarly	
   Teaching”	
   by	
   Zakrajsek	
   (2013)	
   explored	
   how	
   faculty	
   in	
   a	
   school	
   of	
  
medicine	
   responded	
   to	
  providing	
   research	
  articles	
  on	
  active	
   learning	
  and	
  alternatives	
   to	
   lecturing.	
  
The	
  article	
  described	
  both	
  the	
  appreciation	
  felt	
  by	
  the	
  author	
  for	
  being	
  able	
  to	
  help	
  his	
  faculty	
  teach	
  
more	
   effectively	
   and	
   a	
   strong	
   sense	
   of	
   frustration	
   that	
   colleagues	
   in	
   higher	
   education	
   are	
   so	
  
oblivious	
  to	
  basic	
  findings	
  and	
  seminal	
  principles	
  and	
  works	
  of	
  SoTL.	
  The	
  author	
  questions	
  (as	
  I	
  do)	
  
about	
  how	
  it	
  is	
  possible	
  to	
  motivate	
  more	
  faculty	
  to	
  read	
  literature	
  to	
  enable	
  them	
  to	
  live	
  the	
  life	
  of	
  
a	
  “scholarly	
   teacher.”	
  The	
  answer	
  provided	
  by	
   the	
  article	
  comes	
   in	
  a	
  wide-­‐ranging	
  menu	
  of	
  “entry	
  
level”	
  articles	
  and	
  books,	
  and	
  some	
  simple	
  principles	
  of	
  SoTL.	
  Particular	
  praise	
  is	
  given	
  to	
  the	
  work	
  
by	
  Hake	
  (1998)	
  on	
   interactive	
  engagement	
  of	
  students	
   in	
  physics,	
  and	
  the	
  Learning	
  and	
  Forgetting	
  
Lab	
  at	
  UCLA	
  from	
  Dr.	
  Bjork.	
  	
  

Expanding	
   the	
   audience	
   and	
   practice	
   of	
   SoTL	
  within	
   an	
   institution	
   and	
   into	
   national,	
   regional	
   and	
  
global	
   contexts	
   was	
   the	
   subject	
   of	
   the	
   remaining	
   articles.	
   McKinney	
   (2012)	
   reports	
   on	
   the	
  
importance	
  of	
  sharing	
  SoTL	
  with	
  students,	
  and	
  making	
  them	
  actively	
  aware	
  of	
  and	
  participants	
  in	
  our	
  
SoTL	
  research.	
  Including	
  student	
  voices	
  throughout	
  our	
  work	
  as	
  educational	
  researchers	
  is	
  vital	
  to	
  tie	
  
down	
  the	
  research	
  to	
  its	
  primary	
  purpose	
  –	
  advancing	
  student	
  learning.	
  The	
  article	
  by	
  MacKenze	
  and	
  
Meyers	
   (2012)	
   describes	
   several	
   different	
   methods	
   for	
   increasing	
   international	
   collaborations	
   in	
  
SoTL,	
  something	
  I	
  have	
  been	
  interested	
  in	
  through	
  my	
  work	
  at	
  Yale-­‐NUS	
  College	
  and	
  in	
  my	
  “Liberal	
  
Arts	
  in	
  India”	
  initiative.	
  They	
  describe	
  several	
  valuable	
  conceptualizations	
  of	
  collaboration.	
  One	
  idea	
  
is	
   that	
   collaboration	
   within,	
   and	
   across	
   institutions,	
   requires	
   five	
   parts	
   –	
   context,	
   social	
   vehicles,	
  
professional	
  dialogues,	
  engagement	
  and	
  practice.	
  These	
  all	
  have	
  to	
  be	
   in	
  place	
  to	
  enable	
  SoTL	
  and	
  
other	
   initiatives	
  to	
  extend	
  beyond	
  departmental	
  boundaries.	
  Other	
  models	
  discussed	
   in	
  this	
  article	
  
include	
   the	
   model	
   of	
   collaboration	
   in	
   which	
   commitment	
   building	
   and	
   sustenance,	
   effective	
  
relationship	
  development,	
  and	
  mechanisms	
  for	
  people	
  to	
  engage	
  to	
  discover	
  “shared	
  objectives	
  and	
  
thereby	
  deepen	
   the	
   relationships.”	
  The	
  discussions	
  harken	
  back	
   to	
   the	
   idea	
  of	
   the	
  “Community	
  of	
  
Practice”	
  and	
  give	
  other	
  frameworks	
  in	
  which	
  to	
  develop	
  these	
  types	
  of	
  collaborations.	
  	
  	
  



Particularly	
  resonant	
  was	
  both	
  the	
  article	
  by	
  Chng	
  and	
  Looker	
  (2013),	
  and	
  my	
  discussions	
  with	
  both	
  
of	
   them	
  during	
  the	
  weeks	
  of	
  our	
  SoTL	
  course.	
  Their	
  effort	
   to	
  create	
  a	
   Journal	
   for	
  SoTL	
   in	
  an	
  Asian	
  
context,	
  and	
  our	
  discussions	
  at	
  NUS,	
  NTU	
  and	
  at	
  the	
  Singapore	
  CTL	
  directors	
  meetings	
  all	
  highlight	
  
the	
  need	
  for	
  SoTL	
  here	
  in	
  Singapore	
  to	
  account	
  for	
  not	
  only	
  the	
  curriculum,	
  methods	
  of	
  delivery	
  of	
  
courses,	
  assessments,	
  and	
  other	
  mechanics	
  of	
  pedagogy	
  but	
  to	
  consider	
  the	
  different	
  Asian	
  context	
  
of	
   teaching	
   and	
   learning	
   here	
   in	
   Singapore.	
   Different	
   conceptualizations	
   by	
   students	
   of	
   their	
  
identities,	
  priorities,	
  aspirations,	
  and	
  behavioural	
  norms	
  all	
  have	
  to	
  shape	
  how	
  we	
  approach	
  higher	
  
education	
   here	
   in	
   Singapore,	
   and	
   our	
   awareness	
   of	
   SoTL	
  will	
   enable	
   us	
   to	
   provide	
   leadership	
   for	
  
Educational	
   Research	
   that	
   can	
   have	
   international	
   impact	
   by	
   exploring	
   these	
   dimensions	
   at	
   our	
  
institutions.	
  

  



  

• SoTL Leadership ePortfolio Assignment # 2 
• Thematic Review of Educational Scholarship in HE  (continued) 

THEME	
  2:	
  SoTL	
  Leadership	
  Inquiry,	
  Research	
  Design,	
  Methodology,	
  Evidence-­‐based	
  
Practice	
  &	
  Dissemination	
  

Selected	
  sources	
  consulted	
  include	
  journal	
  articles,	
  conference	
  papers,	
  and	
  lecture	
  podcasts:	
  

(1) Journal	
  Articles	
  and	
  Conference	
  Papers	
  
• Chick,	
  N.L.	
  (2014)	
  'Methodologically	
  sound'	
  under	
  the	
  'big	
  tent'.	
  International	
  Journal	
  for	
  

the	
  Scholarship	
  of	
  Teaching	
  and	
  Learning,	
  8(2).	
  
• Principles	
  of	
  Good	
  Practice	
  in	
  SoTL	
  (Felten,	
  2013)	
  
• Diverse	
  Methodological	
  Approaches	
  and	
  Considerations	
  for	
  SoTL	
  in	
  Higher	
  

Education	
  (Hubball	
  &	
  Clarke,	
  2010)	
  
• A	
  Summary	
  of	
  Ontological	
  and	
  Epistemological	
  Paradigms	
  in	
  Educational	
  

Research	
  (Hammersley)	
  
	
  

(2) Podcasts	
  and	
  Optional	
  Video	
  Recordings	
  	
  
• “Ontological	
  &	
  Epistemological	
  Foundations	
  of	
  SoTL	
  Leadership	
  Research”	
  (Professor	
  Tony	
  

Clarke)	
  
• 	
  “Research	
  Methodologies	
  and	
  SoTL	
  Leadership”	
  (Professor	
  Tony	
  Clarke)	
  

This	
   unit	
   on	
  methodology	
   included	
   the	
   Cohort	
  meeting	
   at	
  NUS,	
  where	
  we	
   discussed	
  many	
   of	
   the	
  
ontological	
  and	
  epistemological	
  backgrounds	
  we	
  all	
  bring	
  to	
  our	
  work	
  as	
  educators,	
  professors,	
  and	
  
SoTL	
   practitioners.	
   	
   The	
   podcasts	
   and	
   the	
   discussions	
   among	
   our	
   cohort	
   members	
   were	
   quite	
  
revelatory,	
  as	
  I	
  had	
  not	
  been	
  aware	
  of	
  the	
  many	
  ways	
  in	
  which	
  “paradigm	
  wars”	
  had	
  been	
  fought	
  all	
  
around	
   me,	
   with	
   invisible	
   battle-­‐lines	
   and	
   borders	
   based	
   on	
   unarticulated	
   and	
   unrecognized	
  
disconnects	
   in	
  the	
  epistemology	
  and	
  ontology	
  that	
  each	
  professor	
  uses	
  to	
   find	
  truth	
   in	
  their	
  work.	
  
The	
   visceral	
   rejection	
   of	
   science	
   and	
   its	
  methods	
   among	
   some	
  of	
  my	
   colleagues	
   in	
   academe	
  now	
  
became	
   more	
   comprehensible,	
   or	
   at	
   least	
   more	
   describable	
   by	
   the	
   comprehensive	
   overview	
  
provided	
   by	
   Hammersley’s	
   article	
   on	
   “Methodological	
   Paradigms	
   in	
   Educational	
   Research.”	
   	
   The	
  
ways	
  in	
  which	
  my	
  implicit	
  faith	
  in	
  the	
  infallibility	
  of	
  science	
  and	
  its	
  rooting	
  in	
  a	
  positivist	
  world	
  view	
  
have	
   played	
   out	
   in	
   my	
   academic	
   career	
   now	
   seem	
   apparent.	
   I	
   was	
   not	
   aware	
   of	
   how	
   the	
   vast	
  
majority	
   of	
   academics	
   in	
   social	
   sciences	
   and	
   humanities	
   in	
   today’s	
   academic	
   institutions	
   similarly	
  
believe	
   in	
   the	
   infallibility	
   of	
   their	
   methodologies,	
   ontologies	
   and	
   epistemologies.	
   The	
   role	
   of	
  
interpretivism,	
   or	
   hermeneutics	
   in	
   helping	
   to	
   bridge	
   this	
   gap	
   seemed	
   especially	
   helpful	
   to	
   me.	
  
Hammersley	
  notes	
  that	
  interpretivism	
  insists	
  that:	
  

“there	
   is	
   a	
   fundamental	
   difference	
   between	
   the	
   nature	
   of	
   phenomena	
   investigated	
   by	
   the	
  
natural	
   sciences	
   and	
   those	
   studied	
   by	
   historians,	
   social	
   scientists	
   and	
   educational	
  
researchers.	
  This	
  is	
  that	
  people	
  –	
  unlike	
  atoms,	
  chemicals	
  or	
  even	
  most	
  non-­‐human	
  forms	
  of	
  
life	
  –	
  interpret	
  or	
  give	
  meaning	
  to	
  their	
  environment	
  and	
  themselves,	
  that	
  the	
  ways	
  in	
  which	
  
they	
  do	
  this	
  are	
  shaped	
  by	
  the	
  particular	
  cultures	
   in	
  which	
  they	
  live,	
  and	
  this	
  generates	
  the	
  
actions	
  and	
  institutions	
  in	
  which	
  they	
  participate.”	
  	
  

https://connect.ubc.ca/bbcswebdav/pid-2609322-dt-content-rid-10704658_1/xid-10704658_1
https://connect.ubc.ca/bbcswebdav/pid-2609322-dt-content-rid-10704658_1/xid-10704658_1
http://digitalcommons.georgiasouthern.edu/ij-sotl/vol8/iss2/1/
http://www.jstor.org/discover/10.2979/teachlearninqu.1.1.121?uid=3739400&uid=2134&uid=2&uid=70&uid=3737720&uid=4&sid=21102001068641
http://ir.lib.uwo.ca/cgi/viewcontent.cgi?article=1017&context=cjsotl_rcacea&sei-redir=1
http://ir.lib.uwo.ca/cgi/viewcontent.cgi?article=1017&context=cjsotl_rcacea&sei-redir=1
http://www.tlrp.org/capacity/rm/wt/hammersley/hammersley4.html
http://www.tlrp.org/capacity/rm/wt/hammersley/hammersley4.html


This	
   insight	
  can	
  explain	
  how	
  the	
  “paradigm	
  wars”	
  have	
  raged	
  on,	
  as	
  cultures	
  of	
  constructivism	
  and	
  
critical	
   research	
   exist	
   in	
   conflict	
   alongside	
   logical	
   positivists.	
   The	
   irony	
   is	
   that	
   in	
   some	
   cases	
   the	
  
complexity	
  of	
  our	
  world	
  causes	
  us	
  to	
  need	
  a	
  mix	
  of	
  world	
  views,	
  methodologies	
  and	
  approaches	
  to	
  
finding	
   truth,	
  making	
  adherence	
   to	
  any	
  single	
  paradigm	
  problematic.	
  Much	
   like	
   the	
  “wave	
  particle	
  
duality”	
   that	
   condemns	
  physicists	
   to	
  only	
  partial	
   knowledge	
  of	
   an	
  electron’s	
   state,	
   clinging	
   to	
   any	
  
one	
  of	
  the	
  methodologies	
  and	
  epistemologies	
  necessarily	
  gives	
  and	
  incomplete	
  and	
  inaccurate	
  view	
  
of	
  the	
  phenomenon	
  studied.	
  	
  

Huball	
  and	
  Clarke	
  (2010)	
  describe	
  how	
  diverse	
  methodological	
  approaches	
  are	
  needed	
  and	
  how	
  they	
  
can	
   be	
   created	
   by	
   communities	
   of	
   SoTL	
   practitioners	
   who	
   are	
   able	
   to	
   “move	
   beyond	
   disciplinary	
  
boundaries.”	
   In	
  the	
  article	
  the	
  heuristic	
  model	
  of	
  SoTL	
  research	
  questions	
   is	
  explained,	
  as	
  was	
  also	
  
discussed	
   in	
   our	
   in-­‐person	
   session.	
   The	
   generalized	
   way	
   in	
   which	
   research	
   questions	
   can	
   be	
  
described	
  helps	
  SoTL	
  practitioners	
  achieve	
  understanding	
  together	
  as	
  they	
  are	
  often	
  driven	
  apart	
  by	
  
their	
   methodologies,	
   and	
   ontologies.	
   The	
   article	
   provides	
   a	
   very	
   useful	
   menu	
   of	
   specific	
   SoTL	
  
inquiries	
   that	
  draw	
  from	
  each	
  of	
   the	
  methodologies	
  that	
  can	
  arise	
  –	
  ranging	
   from	
  action	
  research,	
  
implementation	
   analysis,	
   controlled	
   experimental	
   design,	
   phenomenological	
   study,	
   narrative	
   case	
  
studies,	
   and	
   other	
   methods.	
   The	
   article	
   rightly	
   points	
   out	
   the	
   necessary	
   condition	
   of	
   merging	
  
“appropriate	
   combinations	
   of	
   qualitative	
   and	
   quantitative	
   data	
   sources”	
   to	
   enable	
   reliable	
   SoTL	
  
inquiry.	
  This	
  point	
  really	
  hit	
  home	
  for	
  me,	
  as	
  I	
  was	
  considering	
  how	
  best	
  to	
  create	
  an	
  E-­‐2	
  inquiry	
  into	
  
one	
  of	
  the	
  courses	
  I	
  am	
  leading	
  at	
  Yale-­‐NUS,	
  and	
  as	
  a	
  logical	
  positivist,	
  was	
  naturally	
  inclined	
  toward	
  
a	
  quantitative	
  survey	
   instrument,	
  but	
  now	
  recognize	
  the	
  power	
  of	
  having	
  mixed	
  methods	
  to	
  query	
  
some	
  of	
  the	
  complexity	
  within	
  our	
  educational	
  context.	
  	
  

As	
  I	
  pondered	
  how	
  best	
  to	
  describe	
  and	
  assess	
  some	
  of	
  our	
  Yale-­‐NUS	
  science	
  courses,	
  I	
  was	
  able	
  to	
  
draw	
   some	
   ideas	
   from	
   the	
   article	
   by	
   Chick	
   (2014)	
   which	
   describes	
   “An	
   Ongoing	
   Conversation”	
  
between	
   the	
   methodologies	
   employed	
   within	
   educational	
   research.	
   My	
   previous	
   limited	
  
understanding	
   of	
   educational	
   research,	
   I	
   realized,	
  was	
   rooted	
  more	
   in	
   the	
   camp	
   of	
   “what	
  works”	
  
which	
   underlies	
   most	
   of	
   the	
   educational	
   meetings	
   and	
   publications	
   in	
   my	
   field	
   of	
   physics	
   and	
  
astronomy.	
   I	
   recognized	
   from	
   the	
   piece	
   the	
   power	
   of	
   the	
   “what	
   is”	
   inquiry	
   –	
  which	
   for	
   academic	
  
leaders	
   struggling	
   to	
  gauge	
  how	
   teaching	
  and	
   learning	
   is	
   implemented	
  on	
   their	
   campuses	
   is	
   a	
   key	
  
component	
  of	
  academic	
  leadership.	
  The	
  article	
  builds	
  on	
  Peter	
  Felten’s	
  definition	
  of	
  “good	
  practice”	
  
in	
  SoTL	
  (Felton,	
  2013)	
  which	
  are	
  worth	
  listing	
  here	
  as	
  they	
  are	
  so	
  important	
  for	
  all	
  that	
  we	
  aspire	
  to	
  
do	
  in	
  both	
  SoTL	
  and	
  SoEL:	
  

1. Inquiry	
  focused	
  on	
  student	
  learning	
  
2. Grounded	
  in	
  context	
  
3. Methodologically	
  sound	
  
4. Conducted	
  in	
  partnership	
  with	
  students	
  
5. Appropriately	
  Public	
  

The	
  article	
  continues	
  and	
  describes	
  good	
  ways	
  in	
  which	
  to	
  provide	
  adequate	
  measures	
  to	
  assure	
  that	
  
these	
   conditions	
   are	
   met.	
   The	
   goal	
   is	
   for	
   projects	
   to	
   be	
   “intentional	
   and	
   rigorous”	
   both	
   when	
  
quantitative	
  and	
  qualitative.	
  Further	
  exploration	
  too	
  of	
  how	
  different	
  disciplines	
  define	
  “rigorous”	
  is	
  
necessary,	
   as	
   the	
   article	
   reminds	
   us	
   that	
   “humanistic	
   fields	
   typically	
   seek	
   meaning	
   through	
  
description,	
   analysis	
   and	
   interpretation”	
   and	
   therefore	
   respond	
   best	
   to	
   the	
   “what	
   is”	
   type	
  
investigations.	
   In	
  all	
   cases	
   the	
  key	
   is	
   to	
  document	
  student	
   learning.	
  This	
   requires	
  SoTL	
   inquiries	
   to	
  



include	
   “samples	
   of	
   students’	
   work,	
   classroom	
   assessment	
   techniques,	
   process	
   captures,	
   scores,	
  
counts,	
  first-­‐hand	
  reports,”	
  along	
  with	
  other	
  forms	
  of	
  data.	
  	
  

By	
  chance,	
  Dan	
  Bernstein	
  was	
  visiting	
  NUS	
  during	
  this	
  period	
  and	
  kindly	
  agreed	
  to	
  give	
  a	
  pair	
  of	
  talks	
  
at	
  Yale-­‐NUS	
  during	
  this	
  week.	
  I	
  was	
  strongly	
  influenced	
  by	
  his	
  work	
  in	
  “making	
  teaching	
  visible”	
  and	
  
he	
   described	
   in	
   detail	
   his	
   work	
   creating	
   teaching	
   portfolios	
   in	
   the	
   US	
   to	
   help	
   departments	
   and	
  
universities	
  communicate	
  about	
  their	
  teaching,	
  and	
  the	
  transformative	
  role	
  such	
  portfolios	
  can	
  have	
  
in	
  shaping	
  educational	
  practice	
  in	
  diverse	
  contexts.	
  Further	
  discussions	
  at	
  meetings	
  at	
  NUS	
  showed	
  
also	
  how	
  such	
  portfolios	
  can	
  be	
  a	
  vital	
  indicator	
  of	
  SoTL	
  within	
  a	
  campus	
  and	
  a	
  vehicle	
  for	
  promoting	
  
good	
  practice	
  in	
  SoTL	
  when	
  coupled	
  to	
  teaching	
  awards	
  and	
  tenure	
  and	
  promotion	
  procedures.	
  	
  

  



SoTL Leadership ePortfolio Assignment # 2 

Thematic Review of Educational Scholarship in HE (continued) 

THEME	
  3:	
  	
  Pedagogical	
  Leadership	
  &	
  SoTL	
  Leadership	
  Implications:	
  Adult	
  Learning	
  &	
  Teaching	
  
Perspectives	
  in	
  Diverse	
  Disciplinary	
  Contexts	
  

Selected	
  sources	
  consulted	
  include	
  both	
  journal	
  articles	
  and	
  lecture	
  podcasts:	
  

Journal	
  Articles	
  &	
  Book	
  Chapters	
  

1. Multiple	
  Ways	
  of	
  Knowing	
  in	
  Teaching	
  and	
  Learning	
  (Gurm,	
  B.,	
  2013)	
  

2. Taylor	
  &	
  Hamdy	
  (2013).	
  Adult	
  learning	
  theories:	
  implications	
  for	
  learning	
  and	
  teaching	
  in	
  
medical	
  education:	
  AMMEE	
  Guide	
  No.	
  83.	
  Medical	
  Teacher,	
  35(11).	
  	
  

3. The	
  Teaching	
  Perspectives	
  Inventory	
  (Pratt	
  &	
  Collins)	
  

Podcasts	
  and	
  Optional	
  Video	
  Recordings	
  

• “Authentic	
  Assessment	
  and	
  Evaluation	
  of	
  Pedagogical/Curricular/Institutional	
  Practices	
  in	
  
Higher	
  Education”	
  	
  

• “Pedagogical	
  Leadership	
  in	
  Higher	
  Education:	
  Theory-­‐Practice	
  Implications”	
  

Like	
  other	
  units	
  in	
  this	
  course	
  –	
  many	
  revelations	
  occurred	
  during	
  the	
  readings	
  and	
  activities	
  of	
  this	
  
unit.	
   The	
   article	
   on	
   “Adult	
   Learning	
   Theories”	
   by	
   Taylor	
   and	
   Hamdy	
   (2013)	
   is	
   a	
  microcosm	
   of	
   an	
  
educational	
  master’s	
   degree,	
   as	
   it	
  masterfully	
   outlines	
   a	
   vast	
   array	
   of	
   concepts	
   from	
   educational	
  
research,	
  psychology,	
  sociology,	
  and	
  other	
  threads	
  of	
  SoTL.	
  What	
  really	
  struck	
  me	
  was	
  the	
  breadth	
  
and	
  scope	
  of	
  the	
  article	
  –	
  which	
  placed	
  into	
  context	
  those	
  pieces	
  of	
  educational	
  theory	
  I	
  was	
  familiar	
  
with	
  before	
  this	
  course	
  with	
  a	
  much	
  larger	
  body	
  of	
  research	
  from	
  social	
  science	
  and	
  education.	
  The	
  
notion	
   of	
   “andragogy”	
   distinct	
   from	
   “pedagogy”	
   is	
   quite	
   helpful	
   as	
   we	
   need	
   to	
   account	
   for	
   the	
  
different	
   motivation	
   factors	
   that	
   adults	
   bring	
   to	
   their	
   learning,	
   as	
   well	
   as	
   the	
   need	
   to	
   navigate	
  
between	
  predefined	
  conceptual	
  frameworks	
  and	
  other	
  prior	
  learning	
  than	
  can	
  both	
  be	
  an	
  asset	
  and	
  
a	
  liability	
  for	
  a	
  learning	
  environment.	
  	
  
	
  
I	
  am	
  very	
  grateful	
  to	
  be	
  able	
  to	
  understand	
  the	
  differences	
  between	
  instrumental	
  learning	
  theories	
  
(such	
  as	
   I	
   learned	
  about	
   in	
  my	
  primordial	
  psychology	
  classes	
  when	
   I	
  was	
  a	
  student)	
  and	
   the	
  other	
  
theories	
   such	
   as	
   humanistic	
   theories,	
   transformative	
   learning	
   theories,	
   social	
   theories,	
   and	
  
motivational	
  models.	
   In	
  my	
   teaching	
   I	
   had	
   intuited	
   some	
   of	
   the	
   elements	
   within	
   “transformative	
  
learning	
   theory”	
   in	
   particular,	
   and	
   placed	
   a	
   lot	
   of	
   value	
   on	
   a	
   few	
   elements	
   within	
   this	
   model	
   of	
  
learning	
   which	
   requires	
   a	
   “disorienting	
   dilemma	
   which	
   is	
   the	
   catalyst/trigger	
   to	
   review	
   own	
  
views/perspectives.”	
   I	
  also	
   liked	
  the	
  emphasis	
  on	
  critical	
   reflection	
  and	
  the	
  context	
  which	
   includes	
  
personal,	
   professional	
   and	
   social	
   factors.	
   My	
   teaching	
   has	
   been	
   intuiting	
   and	
   building	
   on	
   this	
  
learning	
  theory	
  for	
  nearly	
  20	
  years	
  without	
  recognizing	
  it	
  as	
  an	
  area	
  with	
  extensive	
  literature	
  –	
  and	
  
itself	
  a	
  small	
  piece	
  of	
  a	
  much	
  larger	
  body	
  of	
  adult	
  learning	
  theories!	
  
	
  	
  
It	
   strikes	
   me	
   that	
   the	
   “paradigm	
   wars”	
   that	
   underlie	
   academics	
   today	
   also	
   take	
   some	
   of	
   their	
  
ammunition	
  from	
  these	
  different	
  and	
  competing	
  models	
  of	
  how	
  people	
  learn.	
  Many	
  colleagues	
  in	
  an	
  
institution,	
  with	
  or	
  without	
  knowing	
  it,	
  offer	
  their	
  courses	
  based	
  on	
  instrumental	
  learning	
  theories,	
  
and	
  then	
  argue	
  with	
  colleagues	
  who	
  instead	
  believe	
  in	
  more	
  humanistic	
  or	
  transformative	
  learning	
  
theories,	
   without	
   either	
   one	
   recognizing	
   which	
   concepts	
   or	
   theories	
   motivated	
   their	
   teaching	
  
practices!	
   	
  Here	
  clearly	
   is	
  a	
  role	
  for	
  SoTL	
  –	
  to	
  provide	
  a	
  vocabulary	
  and	
  a	
  conceptual	
  framework	
  to	
  

https://connect.ubc.ca/bbcswebdav/pid-2609323-dt-content-rid-10704660_1/xid-10704660_1
https://connect.ubc.ca/bbcswebdav/pid-2609323-dt-content-rid-10704660_1/xid-10704660_1
http://w3.georgiasouthern.edu/ijsotl/v7n1/invited_essays/Gurm/index.html
http://www.ncbi.nlm.nih.gov/pubmed/24004029
http://www.ncbi.nlm.nih.gov/pubmed/24004029
http://www.teachingperspectives.com/tpi/


enable	
   a	
   diverse	
   faculty	
   to	
   communicate	
   and	
  understand	
   each	
  others,	
   and	
   to	
   blend	
   and	
  optimize	
  
their	
  teaching	
  to	
  build	
  on	
  the	
  large	
  amount	
  of	
  existing	
  educational	
  research	
  in	
  these	
  areas.	
  	
  
	
  
The	
   article	
   by	
   Taylor	
   and	
   Hamdy	
   (2013)	
   concisely	
   describes	
   concepts	
   which	
   are	
   absolutely	
  
fundamental	
   in	
   education	
   –	
   such	
   as	
   Piaget’s	
   ideas	
   about	
   cognitive	
   development,	
   Vygotsky’s	
   ideas	
  
about	
  the	
  “zone	
  of	
  proximal	
  development”	
  and	
  Kolb’s	
  experiential	
  learning	
  cycle.	
  	
  I	
  had	
  known	
  some	
  
of	
   the	
   background	
   ideas	
   within	
   each	
   of	
   these	
   theories	
   form	
   my	
   own	
   career	
   as	
   a	
   teacher	
   and	
  
educator,	
   without	
   previously	
   being	
   able	
   to	
   recognize	
   their	
   connections	
   to	
   these	
   long	
   established	
  
schools	
  of	
  thought	
  about	
   learning.	
  This	
  article	
  should	
  be	
  required	
  reading	
  for	
  all	
  profs	
   just	
  starting	
  
out	
  as	
  teachers,	
  since	
  it	
  can	
  provide	
  a	
  rich	
  set	
  of	
  conceptual	
  frameworks	
  to	
  help	
  guide	
  faculty	
  toward	
  
grounding	
  their	
  work	
  in	
  educational	
  scholarship.	
  I	
  recognized	
  after	
  reading	
  the	
  article	
  how	
  powerful	
  
this	
  article	
  would	
  be	
  as	
  a	
   starting	
  point	
   in	
  a	
  curriculum	
  development	
  effort	
   such	
  as	
   the	
  multi-­‐year	
  
effort	
  we	
  have	
  been	
  conducting	
  at	
  Yale-­‐NUS	
  College.	
  	
  	
  
	
  
Among	
   the	
   specific	
   tools	
   and	
   frameworks	
   mentioned	
   in	
   the	
   article	
   is	
   the	
   Johari	
   Window	
   which	
  
provides	
  a	
  method	
  for	
  describing	
  an	
  in-­‐class	
  discussion	
  in	
  which	
  students	
  can	
  navigate	
  through	
  their	
  
conversation	
  topics	
  that	
  are	
  “not	
  known	
  to	
  self”	
  but	
  “known	
  to	
  others”	
  to	
  have	
  “discovery	
  through	
  
discussion.”	
   	
   The	
   process	
   by	
   which	
   one	
   guides	
   a	
   class	
   can	
   be	
   understood	
   with	
   this	
   window	
   –	
  
navigating	
   to	
   avoid	
   topics	
   which	
   are	
   known	
   both	
   to	
   self	
   and	
   to	
   others,	
   and	
   toward	
   the	
   elusive	
  
territory	
  of	
  “unknown	
  unknowns”	
  where	
  the	
  most	
  profound	
  discoveries	
  can	
  be	
  made.	
  	
  
	
  
The	
  article	
  describes	
  how	
  adults	
  learn	
  and	
  how	
  important	
  it	
  is	
  to	
  enable	
  students	
  to	
  construct	
  their	
  
own	
  knowledge,	
  which	
  occurs	
  in	
  four	
  stages	
  that	
  can	
  be	
  recognized	
  and	
  used	
  in	
  educational	
  design	
  
of	
  a	
  course	
  or	
  curriculum	
  The	
  four	
  stages	
  include	
  a	
  dissonance	
  phase	
  where	
  a	
  learner’s	
  knowledge	
  is	
  
challenged	
  and	
  found	
  to	
  be	
  incomplete,	
  a	
  refinement	
  phase	
  where	
  the	
  learner	
  seeks	
  out	
  a	
  number	
  
of	
   possible	
   explanations	
   or	
   solutions,	
   a	
   feedback	
   phase	
  where	
   the	
   learner	
   articulates	
   their	
   newly	
  
acquired	
  knowledge	
  and	
  the	
  consolidation	
  phase	
  where	
  they	
  reflect	
  upon	
  the	
  experience.	
  	
  
	
  
Other	
  articles	
  in	
  the	
  theme	
  included	
  Gurm’s	
  on	
  “multiple	
  ways	
  of	
  knowing”	
  (2013)	
  which	
  describes	
  
tensions	
   between	
   positivistic	
   paradigms	
   in	
   education	
   research,	
   and	
   the	
   more	
   reflective	
   practices	
  
from	
  humanistic	
   traditions.	
   Gurm	
  outlines	
   a	
   framework	
  which	
   includes	
   five	
  ways	
   of	
   knowing	
   that	
  
includes	
   Empirical,	
   Ethical,	
   Personal,	
   Aesthetic	
   and	
   Emancipatory	
  ways	
  of	
   knowing.	
   These	
  ways	
  of	
  
knowing	
  appear	
  to	
  coincide	
  with	
  schools	
  of	
  thought	
  about	
  how	
  one	
  might	
  teach,	
  and	
  seem	
  to	
  align	
  
pretty	
  well	
  with	
  the	
  Five	
  Perspectives	
  on	
  Good	
  Teaching,	
  which	
  underlie	
  the	
  Teaching	
  Perspectives	
  
Inventory	
  (TPI)	
  from	
  Pratt	
  and	
  Collins.	
  	
  
	
  
Within	
  each	
  of	
  the	
  perspectives	
  of	
  the	
  TPI	
  are	
  a	
  variety	
  of	
  approaches	
  that	
  might	
  apply	
  variously	
  in	
  
different	
   contexts	
   depending	
   on	
   discipline	
   and	
   level	
   of	
   proficiency	
   of	
   a	
   student.	
   Recognizing	
   the	
  
multi-­‐dimensional	
   space	
   our	
   teaching	
   might	
   occupy	
   is	
   somewhat	
   analogous	
   to	
   the	
   Myers	
   Briggs	
  
personality	
  test.	
  In	
  both	
  cases,	
  having	
  an	
  awareness	
  of	
  the	
  diversity	
  of	
  approaches	
  that	
  people	
  bring	
  
to	
  their	
  work	
  can	
  provide	
  a	
  better	
  department,	
  college,	
  and	
  institution.	
  The	
  various	
  perspectives	
  of	
  
teaching	
   also	
   seem	
   to	
   coincide	
   with	
   different	
   ontologies	
   –	
   mapping	
   somewhat	
   on	
   constructivist,	
  
positivist	
   and	
   critical	
   theories.	
   Within	
   the	
   perspectives	
   are	
   forms	
   of	
   teaching	
   that	
   can	
   be	
  	
  
“transmission”	
   (content-­‐based),	
   “apprenticeship”	
   (using	
   modeling	
   of	
   advanced	
   practice),	
  
“developmental”	
   (using	
   detailed	
   scaffolding	
   and	
   class	
   design),	
   “nurturing”	
   (in	
   which	
   the	
   teacher	
  
engages	
  the	
  “heart”	
  and	
  works	
  as	
  a	
  coach),	
  and	
  “social	
  reform”	
  (in	
  which	
  the	
  teacher	
  is	
  able	
  to	
  work	
  
to	
  change	
  society	
  and	
  engage	
  students	
  with	
  this	
  critical	
  theory	
  perspective).	
  
	
  
	
  
	
  
	
  
  



SoTL Leadership ePortfolio Assignment # 2 

Thematic Review of Educational Scholarship in HE (continued) 

THEME	
  4:	
  	
  Curriculum Leadership & SoTL Leadership Implications: Learning-centred 
Undergraduate/Graduate Program Reform in Diverse Disciplinary Contexts 
	
  

Selected	
  sources	
  consulted	
  include	
  both	
  journal	
  articles	
  and	
  lecture	
  podcasts:	
  

Journal	
  Articles	
  &	
  Book	
  Chapters	
  

1. SoTL	
  Inquiry	
  in	
  Broader	
  Curricular	
  and	
  Institutional	
  Contexts:	
  Theoretical	
  Underpinnings	
  and	
  
Emerging	
  Trends	
  (Hubball,	
  Pearson	
  &	
  Clarke,	
  2013)	
  

2. Twelve	
  tips	
  for	
  curriculum	
  renewal	
  _2015_	
  	
  (McLeod	
  &	
  Steinert)	
  

3. Graduate	
  attributes	
  as	
  a	
  focus	
  for	
  institution-­‐wide	
  curriculum	
  renewal:	
  innovations	
  and	
  
challenges	
  (Oliver,	
  B.	
  2013)	
  

4. Curricular	
  Integration	
  in	
  Pharmacy	
  Education	
  	
  (Pearson	
  &	
  Hubball,	
  2012)	
  

Podcasts	
  and	
  Optional	
  Video	
  Recordings	
  

• “The	
  Scholarship	
  of	
  Program	
  Reform:	
  Learning-­‐centred	
  Curriculum	
  Practice”	
  (Harry	
  Hubball)	
  
• “Curriculum	
  Leadership:	
  Engaging	
  Key	
  Stakeholders”	
  (Helen	
  Burt)	
  –	
  have	
  to	
  have	
  practice	
  

problems	
  solvign,	
  retrieving	
  information	
  thikning	
  critically	
  and	
  then	
  communicating	
  it.	
  	
  
• “Curriculum	
  Leadership:	
  Program	
  Evaluation”	
  (Joanna	
  Bates)	
  

The	
  transition	
  from	
  SoTL	
  to	
  the	
  Scholarship	
  of	
  Curriculum	
  Practice	
  (SoCP)	
  is	
  described	
  in	
  the	
  essay	
  by	
  
Hubball,	
  Pearson	
  and	
  Clarke	
  (2013),	
  and	
  some	
  of	
  the	
  underlying	
  theory,	
  historical	
  backgrounds,	
  and	
  
future	
   possibilities	
   of	
   Curriculum	
   leadership.	
   The	
   article	
   pointed	
   out	
   that	
   the	
   entire	
   field	
   of	
   SoTL	
  
which	
  arose	
  from	
  around	
  1990	
  from	
  the	
  work	
  of	
  Boyer	
  and	
  others,	
  and	
  has	
  transitioned	
  from	
  a	
  study	
  
of	
  the	
  individual	
  course	
  and	
  pedagogical	
  approaches	
  in	
  a	
  classroom	
  into	
  a	
  more	
  systematic	
  study	
  of	
  
entire	
   programs	
   and	
   departments,	
   and	
   begins	
   to	
   have	
   important	
   implications	
   for	
   institutional	
  
leadership	
   and	
   strategic	
   planning.	
   A	
   very	
   interesting	
   evolution	
   in	
  methodology	
   is	
   also	
   chronicled,	
  
with	
   earlier	
   SoCP	
   focusing	
   on	
   quantitative	
   studies	
   and	
   linear	
   models,	
   and	
   more	
   recent	
   SoCP	
  
admitting	
  qualitative	
  methods	
  such	
  as	
  case	
  studies,	
  mixed	
  methods,	
  and	
  action	
  research.	
  The	
  future	
  
promises	
   a	
   gradual	
   expansion	
   into	
   analytics,	
   which	
   allow	
   for	
   diverse	
   disciplines	
   and	
   institutional	
  
units	
  to	
  be	
  able	
  to	
  compare	
  and	
  quantify	
  their	
  results.	
  The	
  cycle	
  of	
  evolution	
  of	
  SoCP	
  seems	
  to	
  be	
  
returning	
  back	
  to	
  its	
  origins	
  –	
  as	
  it	
  has	
  evolved	
  from	
  primarily	
  quantitative	
  methods	
  through	
  various	
  
epistemologies,	
   back	
   toward	
   quantitative	
   “big	
   data”	
   analytics	
  made	
  possible	
   from	
  hybrid	
   courses,	
  
MOOCs	
   and	
   online	
   learning	
   platforms	
   of	
   all	
   kinds.	
   Like	
   teaching	
   and	
   learning	
   SoCP	
   is	
   “inherently	
  
situated,	
  socially	
  mediated	
  and	
  locally	
  implemented”	
  and	
  respect	
  for	
  the	
  “disciplinary	
  traditions”	
  is	
  
necessary	
   to	
   implement	
   effective	
   leadership	
   in	
   Curriculum	
   Reform.	
   Creating	
   communities	
   of	
  
practices	
  and	
  diverse	
  and	
  broad	
  representation	
  in	
  curriculum	
  reform	
  seems	
  vital	
  for	
  sustainable	
  and	
  
effective	
  leadership	
  in	
  curriculum.	
  	
  
	
  
The	
   medical	
   education	
   context	
   is	
   one	
   in	
   which	
   curriculum	
   renewal	
   is	
   vital,	
   to	
   enable	
   doctors	
   to	
  
provide	
  the	
  best	
  possible	
  care	
  for	
  their	
  patients,	
  that	
  is	
  aligned	
  with	
  new	
  developments	
  in	
  the	
  field.	
  
More	
   than	
   perhaps	
   any	
   field,	
  medical	
   education	
   requires	
   curriculum	
   renewal,	
  with	
   life	
   and	
   death	
  
literally	
  depending	
  on	
  curriculum	
  remaining	
  current	
  and	
  effective.	
   	
  The	
  Twelve	
  Tips	
   for	
  curriculum	
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renewal	
   (Mcleod	
  and	
  Steinert,	
  2015)	
  gives	
  a	
  great	
  overview	
  of	
   the	
  process	
  of	
   curriculum	
  renewal,	
  
and	
  spends	
  some	
  time	
  clarifying	
  some	
  of	
  the	
  factors	
  needed	
  for	
  a	
  curriculum	
  to	
  be	
  effective.	
  Among	
  
the	
  points	
   in	
   the	
  paper	
   is	
   a	
   helpful	
   definition	
  of	
   curriculum	
  as	
   “a	
   planned	
   educational	
   experience	
  
that	
   encompasses	
   the	
   behavioral	
   goals,	
   instructional	
   methods	
   and	
   actual	
   experiences	
   of	
   the	
  
learners.”	
   	
   The	
   tips	
  are	
  based	
   in	
  medical	
  education	
  but	
  applicable	
   in	
  many	
  contexts.	
   The	
   first	
  one	
  
speaks	
   to	
   the	
   political	
   realities	
   of	
   curriculum	
   reform	
   and	
   articulates	
   well	
   the	
   need	
   to	
   create	
  
influential	
   coalitions	
   to	
   communicate	
   the	
   need	
   for	
   the	
   reform,	
   and	
   to	
   make	
   the	
   reasons	
   clear,	
  
relevant	
   and	
   meaningful.	
   	
   The	
   second	
   tip	
   recommends	
   that	
   the	
   composition	
   be	
   broadly	
  
representative	
   to	
  mitigate	
   tendencies	
  of	
  members	
   to	
   filibuster	
   for	
  pet	
   ideas,	
  and	
  to	
  also	
   include	
  a	
  
mix	
  of	
  opinion	
  leaders,	
  course	
  directors,	
  high	
  profile	
  teachers,	
  and	
  curriculum	
  committee	
  members.	
  	
  
The	
   third	
   tip	
   identifies	
   social,	
   political,	
   economic	
   and	
   technological	
   trends	
   as	
   key	
   inputs	
   to	
   the	
  
process,	
  while	
  balancing	
   the	
  needs	
  of	
   the	
   reform	
  with	
   realities	
  of	
   teachers	
   “in	
   the	
   trenches.”	
  This	
  
leads	
   to	
   a	
   fourth	
   tip	
   to	
   be	
   sure	
   that	
   outcomes	
   drive	
   teaching	
   and	
   learning	
   and	
   to	
   avoid	
   use	
   of	
  
“grandiose	
  concepts”	
  but	
  instead	
  keep	
  clear	
  objectives	
  in	
  the	
  foreground.	
  Additional	
  tips	
  stress	
  the	
  
need	
   for	
   evidenced	
   based	
   approaches,	
   teaching	
   methods	
   that	
   are	
   current,	
   informed	
   by	
   sound	
  
educational	
  theories,	
  and	
  that	
  teaching	
  is	
  done	
  by	
  carefully	
  selected	
  teachers	
  who	
  are	
  rewarded	
  for	
  
effective	
   work.	
   The	
   curriculum	
   should	
   be	
   sequenced	
   well,	
   with	
   a	
   multidimensional	
   learner	
  
assessment	
  protocol”	
  and	
  should	
  be	
  evaluated	
  carefully.	
  The	
   final	
   tip	
   refers	
   to	
  paying	
  attention	
  to	
  
the	
  “learning	
  climate”	
  which	
  includes	
  many	
  human	
  factors	
  beyond	
  just	
  the	
  domain	
  knowledge	
  and	
  
assessments.	
   Here	
   the	
   “soul	
   and	
   spirit	
   of	
   the	
   school”	
   should	
   be	
   considered	
   as	
   the	
   curriculum	
   is	
  
developed	
  and	
  reformed.	
  	
  
	
  
Some	
  of	
  these	
  tips	
  have	
  been	
  put	
  into	
  practice	
  at	
  Curtin	
  University	
  in	
  Australia,	
  as	
  described	
  by	
  the	
  
article	
  by	
  Oliver	
  (2013).	
  	
  Here	
  we	
  have	
  a	
  description	
  of	
  a	
  very	
  ambitious	
  Curriculum	
  2010	
  initiative,	
  
which	
   included	
   a	
   $3-­‐million	
   curriculum	
   reform	
   effort,	
   focused	
   on	
   graduate	
   attributes	
   as	
   a	
  way	
   of	
  
creating	
   learning	
   outcomes.	
   Within	
   this	
   article	
   is	
   an	
   interesting	
   review	
   of	
   outcomes-­‐focused	
  
approaches	
   to	
   curriculum,	
  which	
   includes	
   efforts	
   in	
   the	
   US,	
   Europe	
   and	
   Australia.	
  Many	
   of	
   these	
  
efforts	
   are	
   spurred	
   by	
   government	
   agencies	
   or	
   industries	
   who	
   are	
   eager	
   for	
   more	
   competitive	
  
employees.	
  A	
  very	
  interesting	
  review	
  of	
  international	
  systems	
  for	
  development	
  of	
  quality	
  assurance	
  
included	
   descriptions	
   of	
   the	
   “Approach,	
   Deploy,	
   Review	
   and	
   Improve”	
   or	
   ADRI	
   framework	
   from	
  
Australia,	
   the	
   “Abilities,	
   Alignment,	
   Assessment	
   and	
   Action”	
   system	
   from	
   Ewell	
   (2004),	
   the	
  
Transparency	
  Framework	
  from	
  the	
  National	
  Institute	
  from	
  Learning	
  Outcomes	
  Assessments	
  (2010),	
  
or	
   the	
   AACSB	
   system	
  within	
   the	
   US,	
   and	
   the	
   “Assurance	
   of	
   Learning	
   for	
   Graduate	
   Employability”	
  
framework.	
  This	
   last	
  approach	
  was	
  adopted	
  by	
  Curtin	
  University,	
  and	
  also	
  has	
  been	
  the	
  subject	
  of	
  
some	
  conversation	
  in	
  Singapore.	
  The	
  Assurance	
  of	
  Learning	
  includes	
  an	
  evidence-­‐based	
  approach	
  to	
  
assure	
   graduate	
   attributes	
   that	
   incorporates	
   curriculum	
   maps,	
   work-­‐integrated	
   learning,	
   student	
  
portfolios,	
  course	
  portfolios,	
  and	
  then	
  a	
  cycle	
  whereby	
  these	
  portfolios	
  are	
  studied	
  and	
  evaluated	
  to	
  
enable	
   a	
   new	
   cycle	
   of	
   curriculum	
   development,	
   where	
   the	
   curriculum	
   is	
   updated	
   based	
   on	
   the	
  
revised	
  assessment	
  of	
  the	
  necessary	
  capabilities	
  and	
  standards	
  for	
  professional	
  success.	
  Particularly	
  
interesting	
  is	
  the	
  Curriculum	
  Mapping	
  tool	
  described	
  in	
  the	
  article	
  which	
  helps	
  create	
  more	
  efficient	
  
and	
   integrated	
  curriculum.	
  The	
  article	
   then	
  applies	
   student	
   satisfaction	
  as	
  a	
  way	
  of	
  assessing	
  how	
  
well	
  the	
  framework	
  works.	
   It	
  seemed	
  ironic	
  that	
  a	
  complex	
  system	
  of	
  feedback	
  for	
  curriculum	
  was	
  
presented	
  and	
  ultimately	
  judged	
  on	
  such	
  simple	
  evaluations.	
  	
  
	
  
Putting	
  all	
  of	
  the	
  tips	
  and	
  theories	
  together	
  requires	
  one	
  to	
  practice	
  curricular	
  integration,	
  which	
  is	
  
described	
  in	
  detail	
  in	
  the	
  article	
  by	
  Pearson	
  and	
  Hubball	
  (2012).	
  The	
  article	
  describes	
  the	
  situation	
  of	
  
creating	
   a	
   curriculum	
   that	
   is	
   not	
   a	
   “jigsaw	
   puzzle”	
   of	
   separate	
   pieces,	
   but	
   instead	
   one	
   that	
   is	
  
assembled	
   to	
   provide	
   meaning.	
   This	
   article	
   gives	
   some	
   very	
   good	
   definitions	
   of	
   concepts	
   like	
  
integrative	
   learning,	
   as	
   well	
   as	
   integration,	
   interdisciplinarity,	
   multi-­‐disciplinarity,	
   and	
  
transdisciplinarity.	
  Each	
  of	
  these	
  concepts	
  can	
  inform	
  curriculum	
  integration,	
  but	
  only	
  a	
  curriculum	
  
which	
   has	
   alignment	
   between	
   the	
   espoused,	
   enacted	
   and	
   experienced	
   components,	
   and	
   across	
  



horizontal	
   and	
   vertical	
   axes	
   will	
   provide	
   that	
   meaningful	
   experience	
   for	
   students.	
   Horizontal	
  
integration	
  can	
  come	
  from	
  separate	
  disciplinary	
  courses	
  which	
  are	
  designed	
  to	
  be	
  complementary,	
  
or	
   with	
   multidisciplinary	
   approaches	
   where	
   disciplines	
   separately	
   focus	
   on	
   a	
   common	
   theme,	
  
interdisciplinary	
  work,	
  where	
  disciplines	
  work	
  together	
  to	
  understand	
  a	
  common	
  topic	
  together,	
  or	
  
even	
   trans-­‐disciplinary	
   approaches	
   where	
   disciplinary	
   distinctions	
   are	
   not	
   evident.	
   The	
   vertical	
  
integration	
  comes	
   from	
  developing	
  a	
  coherent	
  curriculum	
  that	
  develops	
  over	
   time,	
  and	
  where	
  the	
  
curriculum	
  can	
  be	
  applied	
  to	
  real-­‐world	
  contexts.	
  The	
  integrated	
  curriculum	
  gives	
  rise	
  to	
  integrative	
  
learning,	
   which	
   is	
   “an understanding and a disposition that a student builds across the 
curriculum and co-curriculum, from making simple connections among ideas and experiences 
to synthesizing and transferring learning to new, complex situations within and beyond 
campus.”	
  	
  The	
  mystifying	
  mosaic	
  or	
  jigsaw	
  of	
  courses	
  can	
  then	
  be	
  replaced	
  with	
  a	
  program	
  that	
  has	
  
unity,	
  and	
  which	
  prepares	
  students	
  for	
  the	
  “real	
  world.”	
  	
  The	
  article	
  also	
  describes	
  how	
  integrative	
  
pedagogies	
   can	
   be	
   developed	
   to	
   facilitate	
   integrative	
   learning.	
   These	
   pedagogies	
   include	
   using	
  
ability-­‐based	
  outcomes,	
   and	
   to	
   give	
   students	
   the	
   capacity	
   to	
   “synthesize,	
   apply	
   and	
   communicate	
  
knowledge	
   in	
   complex,	
   real-­‐world	
   situations.”	
   	
   In	
   all	
   of	
   these	
   contexts,	
   the	
   curriculum	
   should	
   be	
  
designed	
  with	
  appropriate	
  assessments	
  that	
  can	
  allow	
  students	
  to	
  demonstration	
  their	
  own	
  ability	
  
to	
  make	
   connections	
   across	
  disciplines,	
   and	
   to	
   transfer	
   skills	
   from	
  one	
   context	
   into	
  new	
  areas,	
   as	
  
well	
   as	
   to	
   connect	
   their	
   academic	
  experience	
  with	
   their	
   lives,	
   through	
  meaningful	
   communication	
  
and	
  reflection.	
  One	
  interesting	
  point	
  the	
  article	
  makes	
  is	
  that	
  despite	
  a	
  lot	
  of	
  progress	
  in	
  defining	
  the	
  
theory	
   and	
   method	
   of	
   integrative	
   learning,	
   there	
   are	
   very	
   few	
   studies	
   that	
   demonstrate	
   the	
  
effectiveness	
   of	
   this	
   approach,	
   despite	
   the	
   attraction	
   it	
   has	
   for	
  many	
   educators.	
   The	
   article	
   does	
  
conclude	
   however	
   that	
   the	
   lack	
   of	
   evidence	
   for	
   effectiveness	
   is	
   not	
   equivalent	
   to	
   a	
   lack	
   of	
  
effectiveness,	
  and	
  hopefully	
  new	
  educational	
  research	
  can	
  validate	
  and	
  quantify	
  the	
  ways	
  in	
  which	
  
this	
  integrative	
  approach	
  enhances	
  student	
  learning	
  and	
  outcomes.	
  	
  
	
  
Within	
   the	
   podcasts	
   were	
   some	
   fascinating	
   “in	
   the	
   trenches”	
   accounts	
   of	
   curriculum	
   reform,	
  
particularly	
   the	
   case	
   of	
   Helen	
   Bert,	
   and	
   her	
   multi-­‐year	
   campaign	
   to	
   reform	
   her	
   curriculum	
   in	
  
pharmacy.	
  I	
  was	
  struck	
  by	
  the	
  necessity	
  for	
  reform	
  to	
  include	
  energetic	
  champions	
  such	
  as	
  Bert,	
  who	
  
are	
  able	
  to	
  meet	
  with	
  all	
   stakeholders	
  –	
  students,	
   faculty,	
  administrators	
  –	
   in	
  ways	
  that	
  are	
  public	
  
and	
   persuasive	
   to	
   motivate	
   the	
   reform.	
   Despite	
   the	
   best	
   theoretical	
   frameworks,	
   tips,	
   and	
  
conceptual	
   bases	
   for	
   a	
   curriculum,	
   it	
   is	
   ultimately	
   necessary	
   to	
   have	
   such	
   energetic	
   curriculum	
  
reformers,	
   who	
   can	
   be	
   successful	
   in	
   waging	
   these	
   intense	
   and	
   arduous	
   political	
   battles	
   only	
   by	
  
combining	
  tenacity	
  and	
  theory.	
  One	
  without	
  the	
  other	
  seems	
  destined	
  to	
  failure,	
  and	
  the	
  literature	
  
from	
  this	
  unit	
  provides	
  ample	
  ammunition	
  to	
  arm	
  warriors	
  who	
  embark	
  on	
  these	
  reform	
  efforts.	
  It	
  is	
  
also	
  important	
  to	
  note,	
  as	
  indicated	
  in	
  podcast	
  by	
  Bates,	
  that	
  success	
  in	
  these	
  reform	
  efforts	
  is	
  also	
  
intimately	
   connected	
   to	
   the	
   ways	
   in	
   which	
   we	
   evaluate	
   it.	
   The	
   podcast	
   pointed	
   out	
   that	
   the	
  
measurements	
  of	
  curriculum	
  and	
  its	
  health	
  both	
  before	
  and	
  after	
  reforming	
  have	
  to	
   include	
  short-­‐
term	
  indicators,	
  medium	
  term	
  indicators,	
  and	
  longer	
  term	
  outcomes	
  measurements	
  and	
  should	
  also	
  
make	
  use	
  of	
  a	
  mix	
  of	
  methods	
  such	
  as	
  quantitative	
  measurements,	
  and	
  interview	
  data.	
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Overview:	
  Integrated	
  Science	
  Courses	
  in	
  an	
  International	
  Context	
  

One	
  of	
  the	
  challenges	
  within	
  modern	
  science	
  research	
  is	
  that	
  many	
  of	
  the	
  most	
  pressing	
  and	
  urgent	
  
issues	
   of	
   science	
   and	
   technology	
   are	
   inseparably	
   complex	
   problems	
   that	
   draw	
   from	
   multiple	
  
disciplines.	
  Development	
  of	
  new	
  sources	
  of	
  energy,	
  studying	
  the	
  effects	
  of	
  global	
  warming	
  and	
  sea	
  
level	
  rise,	
  and	
  the	
  effects	
  of	
  human	
  population	
  increase	
  on	
  rapidly	
  evolving	
  microbial	
  communities	
  
and	
   decreasing	
   biodiversity	
   in	
   the	
   natural	
   environment	
   are	
   all	
   interdisciplinary	
   problems	
   that	
  
demand	
  solutions.	
  Training	
  students	
   to	
  effectively	
  contribute	
   to	
   solutions	
   in	
   these	
  areas,	
  either	
  as	
  
scientific	
  professionals,	
  or	
  as	
  informed	
  policymakers	
  and	
  citizens,	
  requires	
  a	
  retooling	
  of	
  our	
  science	
  
education	
  beyond	
  the	
  single	
  subject	
  elective	
  course	
  or	
  disciplinary	
  curriculum.	
  	
  

Over	
   the	
  past	
   decade,	
   several	
   institutions	
   have	
   responded	
  with	
   curriculum	
   in	
   science	
  designed	
   to	
  
foster	
  interdisciplinary	
  science	
  practitioners.	
  The	
  Claremont	
  Colleges	
  Keck	
  Science	
  Institute	
  has	
  been	
  
offering	
   its	
  Accelerated	
   Integrated	
  Science	
  Sequence	
  (AISS)	
  since	
  2007,	
   funded	
   initially	
  by	
  and	
  NSF	
  
STEP	
   grant	
   to	
   prepare	
   students	
   interested	
   in	
   medicine	
   or	
   science	
   more	
   efficiently	
   in	
   their	
  
introductory	
   courses.	
   The	
  AISS	
   course	
   combines	
   three	
   one-­‐year	
   courses	
   in	
   physics,	
   chemistry	
   and	
  
biology	
  into	
  a	
  single	
  double-­‐credit	
  course.	
  The	
  three	
  instructors	
  within	
  the	
  course	
  provide	
  a	
  form	
  of	
  
Just-­‐in-­‐Time	
   teaching	
   (https://cft.vanderbilt.edu/guides-­‐sub-­‐pages/just-­‐in-­‐time-­‐teaching-­‐jitt/),	
   by	
  
sharing	
  duties	
  within	
   the	
   classroom	
  and	
   trading	
  off	
   each	
  other’s	
   expertise	
   in	
   answering	
  questions	
  
and	
  describing	
   interconnections	
  between	
  the	
  disciplines	
  of	
  physics,	
  chemistry	
  and	
  biology.	
  Further	
  
details	
  of	
  the	
  AISS	
  program	
  can	
  be	
  found	
  in	
  Purvis-­‐Roberts,	
  et	
  al	
  (2009).	
  	
  Princeton	
  University	
  has	
  the	
  
venerable	
  Integrated	
  Science	
  program,	
  where	
  a	
  small	
  and	
  select	
  group	
  of	
  20-­‐30	
  students	
  experience	
  
a	
   three-­‐year	
   integrated	
   sequence	
   that	
   includes	
   over	
   20	
   instructors	
   who	
   teach	
   high-­‐level	
   physics,	
  
math,	
  computer	
  science,	
  molecular	
  biology,	
  and	
  genomics.	
  	
  The	
  Princeton	
  program	
  is	
  designed	
  as	
  an	
  
elite	
  cadre	
  of	
  future	
  researchers,	
  and	
  has	
  one	
  of	
  the	
  most	
  intense	
  programs	
  available.	
  The	
  complete	
  
curriculum,	
   and	
   more	
   details	
   about	
   its	
   implementation	
   can	
   be	
   found	
   at	
  
(http://lsi.princeton.edu/integratedscience/).	
  	
  

Other	
   programs	
   have	
   been	
   devised	
   to	
   create	
   either	
   a	
   single	
   year	
   or	
   multiyear	
   interdisciplinary	
  
science	
  curriculum	
  for	
  more	
  general	
  audiences	
  of	
  students,	
  which	
  may	
   include	
  future	
  engineers	
  or	
  
non-­‐science	
  majors.	
  These	
  programs	
  include	
  the	
  Virginia	
  Tech	
  Integrated	
  Science	
  Curriculum,	
  which	
  
includes	
   a	
   two-­‐year	
   double-­‐effort	
   course	
   sequence	
   to	
   give	
   fundamentals	
   of	
   biology,	
   chemistry,	
  
physics	
   and	
   math.	
   The	
   course	
   is	
   a	
   gateway	
   to	
   Science	
   majors,	
   and	
   is	
   intended	
   to	
   provide	
   an	
  
accelerated	
   and	
   enhanced	
   "active-­‐learning	
   environment	
   stressing	
   multidisciplinary	
   modes	
   of	
  
thought"	
   that	
   can	
   enhance	
   science	
   education	
   but	
   also	
   make	
   connections	
   between	
   science,	
   law,	
  
engineering	
  and	
  art	
  (http://www.science.vt.edu/ais/isc/index.html).	
  Northwestern	
  University	
  has	
  an	
  
Integrated	
   Science	
   Program,	
   which	
   offers	
   accelerated	
   and	
   smaller	
   disciplinary	
   courses	
   and	
   a	
  
dedicated	
  Integrated	
  Science	
  Program	
  house	
  where	
  students	
  can	
  interact	
  with	
  each	
  other	
  and	
  with	
  
program	
  staff	
  (http://www.isp.northwestern.edu/about/).	
  James	
  Madison	
  University	
  offers	
  an	
  ABET	
  
accredited	
   Integrated	
   Science	
   and	
   Technology	
   program	
   (ISAT)	
   in	
   which	
   science,	
   mathematics,	
  



technology,	
   and	
   management	
   and	
   manufacturing	
   engineering	
   prepare	
   students	
   for	
   careers	
   that	
  
blend	
  science,	
  technology	
  and	
  business.	
  	
  

	
  

Throughout	
  Asia	
   and	
   the	
  Middle	
   East	
   several	
   entirely	
   new	
  universities	
   are	
  being	
   created,	
  while	
   in	
  
Hong	
   Kong	
   the	
   undergraduate	
   degree	
   programs	
  were	
   recently	
   expanded	
   from	
   three	
   to	
   four	
   year	
  
durations.	
   These	
   changes	
  have	
   created	
  many	
  new	
   innovative	
   interdisciplinary	
   science	
   courses	
  and	
  
course	
  sequences.	
  One	
  example	
  is	
  the	
  Foundations	
  of	
  Scientific	
  Inquiry	
  at	
  NYU	
  Shanghai,	
  which	
  is	
  a	
  
three-­‐year	
  sequence	
  of	
  disciplinary	
  courses	
  that	
  starts	
  with	
  Quantitative	
  reasoning,	
  and	
  progresses	
  
through	
   Natural	
   Sciences	
   I	
   and	
   II,	
   which	
   are	
   courses	
   designed	
   to	
   provide	
   a	
   broad	
   perspective	
   on	
  
physical	
   science	
   and	
   biological	
   science,	
   respectively.	
   The	
  Natural	
   Science	
   I	
   course	
   discusses	
   broad	
  
topics	
   such	
  matter	
   and	
   energy,	
   climate,	
   particle	
   physics	
   and	
   dark	
   energy,	
  while	
  Natural	
   Science	
   II	
  
discusses	
   the	
   intersection	
   of	
   neuroscience,	
   information	
   science,	
   and	
   genetics	
   in	
   the	
   life	
   sciences.	
  
Chinese	
   University	
   of	
   Hong	
   Kong	
   has	
   designed	
   a	
   single	
   semester	
   course	
   entitled	
   “In	
   Dialog	
   with	
  
Nature”	
   that	
  explores	
   the	
  methods	
  of	
   inquiry	
   in	
  science	
  and	
  mathematics	
   from	
  Euclid	
  and	
  ancient	
  
Chinese	
  science	
   to	
   readings	
   from	
  Charles	
  Darwin,	
  Rachel	
  Carson,	
  and	
   James	
  Watson.	
  University	
  of	
  
Hong	
   Kong	
   offers	
   a	
   Fundamentals	
   of	
   Modern	
   Science	
   course,	
   which	
   is	
   designed	
   to	
   give	
   an	
   “an	
  
overview	
  of	
  the	
  giant	
  web	
  of	
  knowledge	
  that	
  makes	
  up	
  science.”	
  The	
  course	
   is	
  one	
  that	
   integrates	
  
physics,	
   astronomy,	
   earth	
   sciences,	
   chemistry	
   and	
   biology	
   in	
   two	
   semesters,	
  with	
   ambitious	
   units	
  
that	
   outline	
   the	
   “universal	
   principles	
   and	
   unifying	
   concepts	
   of	
   science”,	
   and	
   apply	
   them	
   to	
   the	
  
fundamental	
  structure	
  of	
  matter,	
  atoms,	
  DNA,	
  cells,	
  organisms,	
  earth,	
  solar	
  system	
  and	
  cosmology	
  
(http://webapp.science.hku.hk/sr4/servlet/enquiry?Type=Course&course_code=SCNC1112).	
  	
  

Other	
   interesting	
   programs	
   within	
   Canada	
   and	
   Britain	
   include	
   the	
   Honours	
   Integrated	
   Science	
  
program	
   at	
   McMaster	
   University,	
   an	
   interdisciplinary,	
   research-­‐based	
   science	
   program	
   targeted	
  
toward	
   future	
   researchers.	
   The	
   program	
   includes	
   levels	
   that	
   progress	
   in	
   each	
   year	
   toward	
   more	
  
complex	
   research	
   questions,	
   starting	
   with	
   supervised	
   inquiry-­‐based	
   learning,	
   based	
   on	
   projects,	
  
followed	
  by	
  thematic	
  modules	
  emphasizing	
  overlapping	
  content	
  between	
  disciplines.	
  The	
  final	
  stage	
  
is	
  a	
   fourth	
  year	
  Honours	
  Thesis	
  project	
   (https://www.science.mcmaster.ca/isci/).	
   The	
  University	
  of	
  
Leicester	
   offers	
   the	
   Centre	
   for	
   Interdisciplinary	
   Science,	
   which	
   includes	
   innovative	
   courses	
   that	
  
incorporate	
  research	
  and	
  culminate	
  in	
  a	
  Natural	
  Sciences	
  degree.	
  	
  

Most	
   integrated	
   science	
  programs	
  comprise	
   sequences	
  of	
   courses	
   in	
  disciplinary	
  areas,	
  or	
  a	
   single	
  
interdisciplinary	
   course	
   that	
   attempts	
   to	
   explore	
   topics	
   across	
   disciplines	
   in	
   a	
   thematic	
   or	
   inquiry	
  
focused	
  way.	
  A	
   few	
  notable	
  exceptions	
   include	
   the	
  University	
  of	
  Massachusetts	
  Amherst	
   (U	
  Mass)	
  
ICONS	
  program,	
  and	
  the	
  NYU	
  Abu	
  Dhabi	
  Foundations	
  of	
  Science	
  program.	
  Both	
  of	
   these	
  programs	
  
are	
  reviewed	
  briefly	
  below.	
  	
  	
  	
  

The	
  U	
  Mass	
  Integrated	
  Concentration	
  in	
  Science	
  (iCONS)	
  program	
  is	
  hosted	
  at	
  its	
  integrated	
  science	
  
center,	
  a	
  newly	
  constructed	
  building	
  dedicated	
  to	
  fostering	
  interdisciplinary	
  research	
  and	
  teaching	
  in	
  
science.	
  The	
  iCons	
  program	
  is	
  literally	
  built	
  from	
  the	
  ground	
  up	
  in	
  2014	
  to	
  train	
  “the	
  next	
  generation	
  
of	
   leaders	
   in	
  science	
  and	
  technology	
  with	
   the	
  attitudes,	
  knowledge,	
  and	
  skills	
  needed	
  to	
  solve	
   the	
  
inherently	
  multi-­‐faceted	
  problems	
   facing	
  our	
  world.”	
  The	
   iCONS	
  program	
   is	
  organized	
  around	
   two	
  
theme	
   areas	
   –	
   Renewable	
   Energy	
   and	
   Biomedicine	
   and	
   Biosystems.	
   The	
   program	
   begins	
   in	
   the	
  
second	
  semester	
  of	
  the	
  first	
  year,	
  with	
  a	
  course	
  entitled	
  “Global	
  Challenges,	
  Scientific	
  Solutions.”	
  In	
  
the	
  second	
  year	
  student	
  take	
  prerequisite	
  courses	
  in	
  math	
  and	
  biology,	
  and	
  then	
  in	
  Spring	
  the	
  iCONS	
  



2	
  course	
  “Integrated	
  Scientific	
  Communication.”	
  The	
  third	
  year	
  includes	
  community	
  service	
  or	
  study	
  
abroad,	
  and	
  in	
  the	
  Spring	
  semester	
  is	
  the	
  iCONS	
  3	
  “Gene	
  and	
  Genome	
  Analysis”	
  course.	
  The	
  junior	
  
year	
   also	
   includes	
   a	
   laboratory	
   component,	
   known	
   as	
   a	
   “Team	
  Oriented	
   Lab	
  Discovery”	
   complete	
  
with	
   an	
   “Energy	
   Bootcamp”	
   to	
   study	
   Renewable	
   Energy	
   or	
   The	
   final	
   year	
   includes	
   an	
   iCONS4	
  
“Integrative	
  Team	
  Science	
  Seminar”	
  and	
  a	
  Senior	
  Design	
  project	
  or	
  senior	
  thesis.	
  The	
  iCONS	
  program	
  
is	
  notable	
  both	
  for	
  its	
  extensive	
  curriculum	
  and	
  its	
  emphasis	
  on	
  both	
  preparing	
  science	
  practitioners	
  
and	
  policy	
  makers,	
  who	
  may	
  come	
  from	
  outside	
  of	
  science	
  disciplines.	
  

The	
  New	
  York	
  University	
  Abu	
  Dhabi	
  (NYUAD)	
  campus	
  was	
  provided	
  with	
  the	
  opportunity	
  to	
  develop	
  
both	
  a	
  new	
  campus	
  and	
  new	
  curriculum,	
  and	
  like	
  Yale-­‐NUS	
  College	
  in	
  Singapore	
  has	
  responded	
  with	
  
imagination	
  in	
  its	
  interdisciplinary	
  science	
  program.	
  Like	
  Yale-­‐NUS	
  College,	
  NYUAD	
  has	
  a	
  Foundations	
  
of	
   Science	
   program,	
   which	
   spans	
   multiple	
   years	
   and	
   covers	
   disciplines	
   in	
   physical	
   and	
   biological	
  
science	
   in	
   an	
   interdisciplinary	
   manner.	
   	
   Foundations	
   of	
   Science	
   1:	
   Energy	
   and	
  Matter	
   is	
   a	
   team-­‐
taught	
   physical	
   science	
   year-­‐long	
   sequence	
   that	
   has	
   been	
   offered	
   since	
   2011,	
   and	
   includes	
  
integrated	
  discussions	
  of	
  matter,	
  energy,	
  physics	
  and	
  chemistry	
  in	
  the	
  first	
  semester.	
  Foundations	
  of	
  
Science	
  2:	
  Forces	
  and	
   Interactions	
   studies	
   fundamental	
   forces	
   in	
  a	
  unified	
  way,	
  and	
  spans	
  courses	
  
that	
  typically	
  are	
  separate	
  mechanics	
  and	
  atomic	
  physics	
  courses.	
  Foundations	
  of	
  Science	
  3:	
  Systems	
  
in	
   Flux	
   unifies	
   topics	
   within	
   physics,	
   chemistry	
   and	
   biology	
   in	
   an	
   elegant	
   way,	
   using	
   analogies	
  
between	
  basic	
  circuits	
  to	
  explain	
  flows	
  of	
  energy	
  within	
  chemical	
  reactions,	
  and	
  then	
  applying	
  these	
  
chemical	
  reactions	
  toward	
  the	
  physics	
  and	
  chemistry	
  of	
  biological	
  molecules	
  such	
  as	
  DNA,	
  RNA	
  and	
  
proteins.	
  The	
   final	
  course	
   in	
   the	
  sequence,	
  Foundations	
  of	
  Science	
  4:	
  Form	
  and	
  Function	
  discusses	
  
shapes	
   of	
   physical	
   entities	
   in	
   a	
   general	
   way	
   –	
   and	
   applies	
   concepts	
   of	
   electromagnetism,	
   and	
  
chemistry	
   toward	
   the	
   shapes	
   found	
   in	
   nature	
   of	
  molecules,	
   crystals	
   and	
   other	
   naturally	
   occurring	
  
symmetries.	
  	
  

From	
   this	
   wealth	
   of	
   sources	
   comes	
   a	
   strong	
   base	
   of	
   experience	
   in	
   best	
   practices	
   within	
   the	
  
integrated	
  science	
  context.	
  This	
  leads	
  me	
  to	
  an	
  appreciative	
  inquiry	
  (AI)	
  methodology	
  (Shuayb,	
  et	
  al,	
  
2009),	
  in	
  which	
  telephone	
  interviews	
  and	
  examination	
  of	
  course	
  syllabi	
  and	
  web	
  sites	
  provide	
  a	
  basis	
  
for	
  evaluating	
  curriculum	
  design	
  and	
  learning	
  objectives.	
  The	
  AI	
  interviews	
  are	
  the	
  key	
  element	
  that	
  
can	
  help	
  “identify,	
  anticipate	
  and	
  heighten	
  positive	
  potential”	
  through	
  an	
  “appreciative	
  cycle”	
  that	
  
asks	
   questions	
   that	
   help	
   share	
   best	
   moments	
   within	
   a	
   group	
   to	
   help	
   “maximize	
   participation,	
  
energize	
  the	
  participants,	
  and	
  thus	
  accelerate	
  positive	
  change.”	
  (Shuayb,	
  et	
  al,	
  2009).	
  	
  The	
  interviews	
  
from	
  this	
  study	
  will	
  also	
  explore	
  some	
  of	
  the	
  complexities	
  within	
  offering	
  a	
  multi-­‐disciplinary	
  science	
  
sequence,	
   to	
   help	
   inform	
   the	
  management	
   and	
   development	
   of	
   similar	
   courses	
   in	
  my	
   practice	
   at	
  
Yale-­‐NUS	
   College.	
   As	
   such,	
   these	
   complexities	
   are	
   best	
   studied	
   using	
   a	
   methodology	
   based	
   on	
   a	
  
social	
  constructivist	
  approach	
   (Chick,	
  2014).	
   	
  By	
   reaching	
  out	
   to	
   this	
  group	
  of	
  science	
  educators,	
   it	
  
also	
   is	
   a	
  possibility	
   that	
   the	
   common	
   interest	
  among	
   the	
  group	
   in	
  developing	
   this	
   form	
  of	
   science	
  
education	
   could	
   be	
   the	
   basis	
   of	
   a	
   community	
   of	
   practice	
   in	
   integrated	
   science	
   curriculum	
  
development	
   and	
  educational	
   leadership.	
   Such	
   communities	
   of	
   practice	
   are	
   essential	
   for	
   scholarly	
  
communication	
  about	
  pedagogy	
  between	
  and	
  within	
   institutions	
  (Roxa	
  et	
  al	
  2008)	
  and	
  are	
  typified	
  
by	
  groups	
  of	
  people	
  who	
  "share	
  a	
  concern,	
  a	
  set	
  of	
  problems,	
  or	
  a	
  passion	
  about	
  a	
  topic,	
  and	
  who	
  
deepen	
   their	
   knowledge	
   and	
   expertise	
   in	
   this	
   area	
   by	
   interacting	
   on	
   an	
   ongoing	
   basis"	
   (Wenger,	
  
2002).	
   One	
   potential	
   byproduct	
   of	
   the	
   interviewing	
   could	
   be	
   the	
   creation	
   of	
   a	
   network	
   of	
  
interdisciplinary	
   science	
   curriculum	
   leaders	
   –	
   which	
   could	
   continue	
   with	
   ongoing	
   conversations	
  
about	
  our	
  common	
  concern	
  and	
  passion	
  for	
   integrated	
  and	
   interdisciplinary	
  science	
  teaching.	
   	
   It	
   is	
  
also	
   hoped	
   that	
   particular	
   lessons	
   learned	
   within	
   the	
   COP	
   for	
   interdisciplinary	
   science	
   can	
   be	
  



codified	
   and	
   disseminated	
   to	
   help	
   others	
   implementing	
   this	
   type	
   of	
   curriculum	
   to	
   learn	
   from	
   the	
  
experiences	
   of	
   these	
   institutions	
   and	
   help	
   increase	
   the	
   quality	
   and	
   number	
   of	
   integrated	
   science	
  
courses	
  globally.	
  	
  

The	
  framework	
  for	
  the	
  interview	
  –	
  Elements	
  of	
  Curriculum	
  Design	
  and	
  Educational	
  Leadership	
  

My	
  review	
  of	
  the	
  literature	
  and	
  experience	
  with	
  developing	
  integrated	
  science	
  and	
  interdisciplinary	
  
science	
  curricula	
  within	
  the	
  Yale-­‐NUS	
  Singapore	
  context	
  suggests	
  that	
  there	
  are	
  common	
  challenges	
  
in	
  organizing	
  scientists	
  with	
  various	
  disciplinary	
  skills	
  and	
  vocabularies	
  into	
  a	
  unified	
  teaching	
  team.	
  
Within	
  the	
  team-­‐taught	
  environment,	
  making	
  common	
  types	
  of	
  assessments	
   for	
  students	
  based	
   in	
  
research-­‐informed	
  pedagogy	
  that	
  emphasizes	
  assessable	
   learning	
  outcomes	
  (Biggs	
  and	
  Tang,	
  2011;	
  
Handelsman,	
   et	
   al,	
   2007)	
   and	
   that	
   deploys	
   active	
   learning	
   strategies	
   and	
   peer	
   learning	
   and	
   team	
  
based	
   learning	
  also	
  seems	
  essential	
   for	
  assuring	
   the	
  highest	
  quality	
  of	
   teaching	
  and	
   learning.	
  Even	
  
within	
   a	
   team	
   that	
   agrees	
  on	
  pedagogical	
   strategy	
  and	
   course	
  design,	
   inherent	
   challenges	
  exist	
   in	
  
“making	
   teaching	
   visible”	
   which	
   can	
   be	
   addressed	
   through	
   portfolio	
   development	
   and	
   peer	
  
observations	
   of	
   teaching	
   (Bernstein,	
   2002;	
   Bernstein	
   and	
   Bass,	
   2005).	
   Through	
   interviews	
   I	
   was	
  
hoping	
  to	
  discern	
  how	
  the	
  teams	
  of	
   instructors	
  within	
  each	
  institution	
  agree	
  upon	
  curricular	
  goals,	
  
assessments,	
  teaching	
  strategies,	
  and	
  then	
  once	
  these	
  “espoused”	
  curricular	
  goals	
  are	
  set,	
  are	
  able	
  
to	
  “enact”	
  the	
  curriculum	
  in	
  a	
  consistent	
  way,	
  and	
  communicate	
  their	
  implementations	
  of	
  the	
  course	
  
to	
  each	
  other.	
   	
  Finally	
   to	
  complete	
   the	
  picture,	
   I	
  was	
   interested	
   in	
  how	
  these	
  teams	
  of	
   instructors	
  
evaluate	
  the	
  ways	
  in	
  which	
  the	
  course	
  has	
  been	
  received	
  or	
  “experienced”	
  by	
  students	
  –	
  and	
  their	
  
various	
  strategies	
  for	
  assessing	
  the	
  quality	
  of	
  teaching	
  in	
  their	
  courses.	
  The	
  mix	
  of	
  student	
  input	
  and	
  
faculty	
  review	
  of	
  curricular	
  materials	
  and	
  teaching	
  will	
  all	
  vary	
  in	
  the	
  different	
  institutional	
  contexts,	
  
but	
  all	
  are	
  needed	
  for	
  effective	
  evaluations	
  of	
  teaching	
  (Trigwell,	
  2013;	
  Trigwell,	
  2001).	
  An	
  additional	
  
research	
   goal	
   within	
   the	
   interview	
   is	
   to	
   help	
   ascertain	
   how	
   teaching	
   quality	
   is	
   assessed	
   in	
   an	
  
interdisciplinary	
  team	
  in	
  various	
  international	
  institutions.	
  	
  

To	
  reach	
  out	
  to	
  the	
  leading	
  programs	
  for	
  interdisciplinary	
  science,	
  I	
  compiled	
  a	
  list	
  of	
  practitioners	
  
for	
  my	
  interviews.	
  The	
  list	
  below	
  was	
  contacted	
  by	
  email	
  and	
  a	
  subset	
  of	
  the	
  group	
  agreed	
  to	
  phone	
  
and	
  Skype	
  interviews.	
  Within	
  the	
  request	
  for	
  the	
  interview	
  was	
  an	
  assurance	
  of	
  a	
  compact	
  interview	
  
of	
  20-­‐30	
  minutes	
  to	
  assure	
  the	
  interviewees	
  that	
  the	
  interview	
  would	
  make	
  a	
  minimal	
  imposition	
  on	
  
their	
  time,	
  one	
  part	
  of	
  the	
  ethical	
  component	
  of	
  educational	
  research.	
  	
  The	
  list	
  of	
  interview	
  
questions	
  was	
  included	
  with	
  the	
  email	
  and	
  these	
  questions	
  appear	
  below.	
  	
  

Integrated	
  Science	
  Professors	
  Contacted	
  for	
  this	
  Study	
  (*	
  =	
  Request	
  for	
  Interview	
  Accepted)	
  

Name	
   Institution	
   Course	
  
William	
  Bialek	
   Princeton	
  University	
   Integrated	
  Science	
  
David	
  Botstein	
   Princeton	
  University	
   Integrated	
  Science	
  
Joshua	
  Shaevitz*	
   Princeton	
  University	
   Integrated	
  Science	
  
Emily	
  Wiley	
   Keck	
  Science	
  Department	
   AISS	
  
Scott	
  Gould*	
   Keck	
  Science	
  Department	
   AISS	
  
Katie	
  Purvis	
  Roberts*	
   Keck	
  Science	
  Department	
   AISS	
  
JCS	
  Pun	
   University	
  of	
  Hong	
  Kong	
   Fundamentals	
  of	
  Modern	
  Science	
  
Spencer	
  Benson	
   University	
  of	
  Maryland	
   Fundamentals	
  of	
  Modern	
  Science	
  
Scott	
  Auerbach*	
   University	
  of	
  Massachusetts	
   iCONS	
  
Darryl	
  Yong*	
   Harvey	
  Mudd	
  College	
   Probing	
  the	
  Inverted	
  Classroom	
  



David	
  Scicchitano	
   NYU	
  Abu	
  Dhabi	
   Foundations	
  of	
  Science	
  
Joseph	
  Gelfand	
   NYU	
  Abu	
  Dhabi	
   Foundations	
  of	
  Science	
  
Joel	
  Bernstein*	
   NYU	
  Abu	
  Dhabi	
   Foundations	
  of	
  Science	
  
	
  

From	
  the	
  list	
  above,	
  interviews	
  were	
  scheduled	
  with	
  the	
  professors	
  indicated	
  with	
  the	
  asterisks.	
  
Darryl	
  Yong	
  from	
  Harvey	
  Mudd	
  College	
  was	
  also	
  included	
  in	
  the	
  group	
  as	
  he	
  is	
  leading	
  a	
  multi-­‐year	
  
study	
  of	
  “flipped”	
  classes	
  involving	
  a	
  multi-­‐disciplinary	
  team	
  of	
  Engineering,	
  and	
  Mathematics	
  
professors,	
  and	
  his	
  insights	
  for	
  creating	
  consistency	
  and	
  clarity	
  among	
  the	
  group	
  of	
  professors	
  was	
  
considered	
  valuable,	
  even	
  if	
  his	
  effort	
  is	
  strictly	
  not	
  an	
  “interdisciplinary”	
  science	
  course.	
  	
  

Interview	
  questions	
  

To	
  provide	
  efficiency	
  and	
  consistency	
  of	
  the	
  interview,	
  each	
  of	
  the	
  interviewees	
  was	
  given	
  the	
  list	
  of	
  
questions	
  below	
  before	
  being	
  called.	
  Their	
  responses	
  were	
  tabulated	
  and	
  are	
  summarized	
  in	
  the	
  
next	
  sections.	
  In	
  a	
  few	
  cases,	
  additional	
  information	
  was	
  sought	
  on	
  commonalities	
  between	
  the	
  peer	
  
institution	
  and	
  its	
  curriculum	
  with	
  Yale-­‐NUS	
  College	
  outside	
  of	
  these	
  questions	
  to	
  help	
  provide	
  
additional	
  context	
  for	
  the	
  inquiry.	
  	
  

• How	
  do	
  you	
  share	
  information	
  on	
  what	
  each	
  instructor	
  is	
  doing	
  in	
  their	
  section	
  both	
  for	
  their	
  
graded	
  assessments	
  and	
  content?	
  

• How	
  can	
  you	
  evaluate	
  the	
  consistency	
  of	
  grading	
  within	
  each	
  section?	
  

• How	
  do	
  you	
  prepare	
  faculty	
  to	
  teach	
  in	
  a	
  multi-­‐instructor	
  and	
  multi-­‐disciplinary	
  
environment?	
  

• What	
  techniques	
  work	
  best	
  for	
  professors	
  to	
  share	
  pedagogical	
  approaches	
  used	
  in	
  each	
  
course?	
  

• How	
  do	
  you	
  assess	
  the	
  quality	
  of	
  the	
  teaching	
  within	
  each	
  course?	
  

• How	
  do	
  you	
  assess	
  the	
  quality	
  of	
  learning	
  for	
  students	
  within	
  each	
  course?	
  

Results	
  from	
  the	
  Interviews	
  	
  

Interview	
  1:	
  Scot	
  Gould,	
  Keck	
  Science	
  Department	
  of	
  the	
  Claremont	
  Colleges	
  -­‐	
  AISS	
  

The	
   first	
   interview	
  was	
  with	
  Scot	
  Gould,	
  a	
  physics	
  professor	
   from	
  Keck	
  Science	
  Department	
  of	
   the	
  
Claremont	
   Colleges.	
   Scot	
   is	
   one	
   of	
   the	
   three	
   professors	
   teaching	
   in	
   the	
   Claremont	
   Colleges’	
   AISS	
  
program,	
   and	
   has	
   over	
   five	
   years	
   teaching	
   in	
   the	
   program.	
   Scot	
   described	
   how	
   all	
   three	
   AISS	
  
instructors	
  are	
   in	
   the	
   classroom	
   in	
   the	
   same	
   time,	
  and	
   this	
   allows	
  each	
  professor	
   to	
  play	
  off	
   each	
  
other	
  during	
   the	
  class.	
  The	
  presence	
  of	
  all	
   three	
   instructors	
  within	
   the	
  classroom	
  makes	
   it	
  easy	
   to	
  
communicate	
  what	
  each	
   is	
  doing,	
  and	
   they	
  can	
  naturally	
   communicate	
  and	
   learn	
   from	
  each	
  other	
  
about	
  their	
  various	
  pedagogical	
  approaches	
  in	
  real	
  time	
  while	
  teaching.	
  The	
  AISS	
  teaching	
  team	
  still	
  
has	
   some	
   challenges	
   in	
   creating	
   assignments	
   since	
   different	
   disciplinary	
   approaches	
   and	
  material	
  
that	
  is	
  introduced	
  by	
  particular	
  members	
  of	
  the	
  three	
  person	
  teaching	
  team	
  makes	
  it	
  complicated	
  to	
  
jointly	
  author	
  and	
  grade	
  assignments.	
  They	
  have	
  solved	
  this	
  problem	
  by	
  introducing	
  a	
  system	
  where	
  
the	
   instructor	
  who	
   introduces	
   concepts	
   into	
   the	
   course	
   is	
   responsible	
   for	
   creating	
   and	
   grading	
   an	
  



assignment	
  for	
  the	
  students	
  on	
  these	
  concepts.	
  The	
  team	
  cycles	
  through	
  assignments	
  designed	
  and	
  
graded	
   by	
   one	
   of	
   the	
   individual	
   instructors,	
   rotating	
   regularly	
   through	
   all	
   three	
   of	
   teaching	
   team.	
  
Since	
   all	
   three	
   instructors	
   are	
   doing	
   this	
   in	
   a	
   sequence	
   (typically	
   with	
   assignments	
   on	
   T/F),	
   the	
  
variations	
  in	
  grading	
  practices	
  average	
  out	
  within	
  the	
  AISS	
  program.	
  This	
  system	
  has	
  worked	
  well	
  for	
  
them	
   as	
   they	
   do	
   not	
   have	
   to	
   negotiate	
   and	
   blend	
   their	
   approaches	
   in	
   creating	
   assignments	
   and	
  
grading	
  –	
  and	
  evens	
  out	
  any	
  of	
  the	
  different	
  philosophies	
  of	
  assessment.	
   In	
  addition	
  to	
  homework	
  
assignments,	
  in	
  AISS	
  they	
  have	
  weekly	
  Wednesday	
  midterms	
  of	
  quizzes.	
  	
  

We	
  also	
  discussed	
  how	
   it	
   is	
  difficult	
   to	
   find	
   instructors	
   for	
   this	
   type	
  of	
   interdisciplinary	
   teaching	
  –	
  
some	
   instructors	
   are	
   known	
   to	
   be	
   very	
   fixed	
   and	
   rigid	
   in	
   their	
   disciplinary	
   approaches,	
   and	
   so	
  
something	
  of	
  a	
  recruitment	
  process	
  exists	
  for	
  AISS.	
  They	
  look	
  for	
  instructors	
  who	
  are	
  flexible	
  in	
  their	
  
approach	
  to	
  teaching.	
  To	
  prepare	
  them	
  for	
  the	
  course	
  they	
  meet	
  early	
  on	
  before	
  the	
  class.	
  During	
  
the	
  summer	
  they	
  need	
  to	
  select	
  the	
  students	
  for	
  the	
  course,	
  and	
  the	
  AISS	
  team	
  uses	
  this	
  time	
  to	
  also	
  
lay	
  out	
  the	
  course	
  together.	
  The	
  summer	
  meetings	
  before	
  the	
  semester	
  begins	
   include	
  about	
  6-­‐10	
  
hours	
  of	
  discussion.	
  This	
  was	
  a	
  much	
   larger	
   requirement	
   in	
   the	
   first	
  years	
  –	
  Scot	
  described	
  how	
   it	
  
took	
  “five	
   long	
  afternoons	
  to	
   lay	
   it	
  out”	
   in	
  the	
  first	
  year.	
   In	
  the	
  second	
  year,	
  this	
   fell	
   to	
  only	
  a	
  few	
  
afternoons.	
  Now	
  with	
  long	
  experience	
  with	
  AISS	
  the	
  process	
  boils	
  down	
  to	
  about	
  6	
  hours.	
  	
  In	
  these	
  
meetings,	
   the	
   instructors	
   will	
   study	
   what	
   topics	
   they	
   want	
   to	
   emphasize	
   –	
   sometimes	
   repeating	
  
topics	
  from	
  the	
  standpoint	
  of	
  each	
  discipline.	
  	
  Once	
  the	
  class	
  starts,	
  the	
  more	
  experienced	
  instructor	
  
starts	
  off	
  on	
  a	
   few	
   topics	
   and	
   the	
  new	
   instructors	
   learn	
  as	
   they	
  go.	
   They	
  are	
   “always	
   seeing	
  each	
  
other”	
  so	
  during	
  the	
  semester	
   formal	
  meetings	
  are	
  typically	
  not	
  necessary	
  –	
  only	
  a	
   few	
  15	
  minute	
  
meetings	
  are	
  needed.	
  	
  

One	
  key	
  point	
  that	
  came	
  out	
  in	
  the	
  discussion	
  was	
  how	
  teaching	
  in	
  an	
  innovative	
  course	
  requires	
  an	
  
open-­‐minded	
   approach	
   to	
   teaching.	
   Scot	
   feels	
   strongly	
   that	
   each	
   component	
   of	
   the	
   course,	
  
laboratory	
   schedule,	
   topics	
   to	
   cover,	
   and	
   assessments	
   have	
   to	
   be	
   questioned	
   and	
   the	
   purpose	
   of	
  
each	
   identified.	
   The	
   approach	
   of	
   questioning	
   everything	
   prevents	
   instructors	
   from	
   repeating	
   past	
  
practice	
  without	
   the	
  deeper	
   rationale	
   for	
  why	
  each	
  element	
  exists	
  within	
  a	
  class.	
  Such	
  efficiencies	
  
are	
  necessary	
  for	
  AISS,	
  which	
  is	
  working	
  to	
  create	
  a	
  two	
  year	
  course	
  that	
  compresses	
  three-­‐year	
  long	
  
introductory	
   science	
   courses.	
   It	
   is	
   interesting	
   to	
   note	
   that	
   even	
   if	
   three	
   instructors	
   are	
   teaching	
  
together,	
   they	
   may	
   not	
   always	
   agree	
   on	
   the	
   best	
   way	
   to	
   teach	
   topics;	
   this	
   requires	
   gentle	
  
communication	
   to	
   convey	
   alternatives	
   during	
   a	
   class	
   in	
   front	
   of	
   the	
   students.	
   With	
   the	
   three	
  
teachers	
   in	
   the	
   room	
  often	
   one	
   of	
   the	
   instructors	
   can	
   raise	
   their	
   hands	
   to	
   provide	
   an	
   alternative	
  
viewpoint,	
  and	
  to	
  also	
  share	
  a	
  different	
  way	
  to	
  teach	
  a	
  topic.	
  

The	
   assessment	
   within	
   AISS	
   relies	
   primarily	
   on	
   outcomes	
   for	
   their	
   former	
   students.	
   They	
   are	
  
assessing	
   how	
   the	
   AISS	
   students	
   perform	
   in	
   later	
   and	
  more	
   advanced	
   courses,	
   as	
  well	
   as	
   in	
   their	
  
post-­‐graduation	
   success	
   in	
   gaining	
   admission	
   to	
   medical	
   school	
   and	
   other	
   fellowships.	
   This	
  
assessment	
   process	
   is	
   supplemented	
   by	
   some	
   information	
   on	
   student	
   attitudes,	
   conducted	
   by	
   a	
  
team	
   of	
   educational	
   researchers	
   at	
   the	
   nearby	
   Claremont	
   Graduate	
   University.	
   The	
   AISS	
   team	
  
discussed	
   ideas	
   for	
   more	
   detailed	
   assessment	
   that	
   might	
   include	
   pre	
   and	
   post	
   tests	
   (such	
   as	
   a	
  
physics	
  force	
  concept	
  inventory	
  test)	
  but	
  these	
  have	
  not	
  been	
  implemented.	
  In	
  the	
  early	
  days	
  of	
  AISS	
  
they	
  used	
  the	
  ACS	
  standardized	
  tests	
  to	
  gauge	
  performance,	
  but	
  in	
  recent	
  years	
  since	
  the	
  curriculum	
  
is	
  different	
  from	
  the	
  ACS	
  curriculum	
  they	
  do	
  not	
  use	
  these	
  tests.	
  	
  



In	
  final	
  thoughts	
  Scot	
  shared	
  his	
  view	
  of	
  how	
  rich	
  the	
  AISS	
  experience	
  is	
  for	
  students	
  and	
  for	
  faculty.	
  
Scot	
   says	
   this	
   AISS	
   is	
   “the	
   single	
   most	
   exciting	
   thing	
   he	
   has	
   done	
   pedagogically,	
   ever.”	
   He	
   is	
  
convinced	
   that	
   this	
   program	
   is	
   worthwhile	
   for	
   students	
   entering	
   medical	
   school,	
   as	
   the	
   AISS	
  
instruction	
  is	
  much	
  more	
  like	
  the	
  medical	
  school	
  environment	
  which	
  is	
  typically	
  interdisciplinary.	
  The	
  
challenge	
  in	
  “scaling	
  up”	
  AISS	
  has	
  prevented	
  them	
  from	
  offering	
  it	
  to	
  a	
  larger	
  group	
  than	
  the	
  current	
  
30	
  students.	
  Keck	
  Science	
  is	
  challenged	
  to	
  offer	
  AISS	
  –	
  with	
  a	
  very	
  large	
  number	
  of	
  science	
  students	
  
needing	
   introductory	
  courses,	
  and	
  the	
  department	
   is	
  somewhat	
  understaffed	
  with	
  professors.	
  This	
  
means	
  that	
  each	
  of	
  the	
  three	
  disciplines	
  (physics,	
  chemistry,	
  biology)	
  has	
  to	
  negotiate	
  to	
  free	
  up	
  one	
  
of	
  their	
  instructors	
  from	
  the	
  schedule.	
  	
  The	
  department	
  is	
  however	
  committed	
  to	
  offering	
  AISS	
  due	
  
to	
  the	
  rich	
  environment	
  it	
  provides	
  to	
  students,	
  and	
  the	
  conviction	
  that	
  it	
  promotes	
  student	
  learning	
  
more	
  effectively	
  and	
  efficiently	
  than	
  a	
  traditional	
  introductory	
  science	
  course.	
  	
  

Interview	
  II	
  –	
  Katie	
  Purvis-­‐Roberts,	
  Keck	
  Science	
  Department,	
  Claremont	
  Colleges	
  –	
  AISS	
  

To	
  gain	
  more	
   insight	
   into	
   the	
  origins	
  and	
  early	
   implementation	
  of	
  AISS,	
   I	
   interviewed	
  Katie	
  Purvis-­‐
Roberts,	
  one	
  of	
  the	
  founders	
  of	
  AISS,	
  and	
  first	
  author	
  of	
  both	
  the	
  NSF	
  proposal	
  that	
  started	
  AISS,	
  and	
  
the	
  publication	
  describing	
  the	
   implementation	
  of	
  AISS	
   (Purvis-­‐Roberts,	
  et	
  al	
  2009).	
  Katie	
  described	
  
how	
   the	
   course	
  was	
   launched	
   and	
   how	
   the	
   founders	
   of	
   the	
   course	
  worked	
   as	
   a	
   team	
   for	
   a	
   year	
  
before	
  teaching	
  the	
  class.	
  The	
  year	
  was	
  spent	
  teaching	
  units	
  to	
  each	
  other,	
  and	
  meeting	
  as	
  a	
  group	
  –	
  
amounting	
  to	
  over	
  three	
  hours	
  per	
  week	
  meeting	
  together	
  and	
  another	
  6	
  hours	
  per	
  week	
  meeting	
  
and	
  discussing.	
  The	
   intensive	
  year	
  before	
  offering	
  AISS	
  allowed	
   the	
   teaching	
   team	
  of	
  Katie	
  Purvis-­‐
Roberts,	
  Gretchen	
  Edwalds,	
  and	
  Adam	
  Landsberg	
  to	
  reconcile	
  some	
  of	
  their	
  varying	
  approaches	
  to	
  
teaching	
   and	
   to	
   learn	
  each	
  other’s	
   subjects.	
  An	
   initial	
   plan	
   to	
  have	
  each	
  of	
   them	
   take	
   the	
  other’s	
  
courses	
  was	
  not	
  feasible	
  but	
  the	
  large	
  number	
  of	
  meetings	
  and	
  discussions	
  forged	
  the	
  group	
  into	
  a	
  
tightly-­‐knit	
   team	
   and	
   built	
   relationships	
   and	
   trust	
   within	
   the	
   team.	
   The	
   team	
   was	
   constantly	
  
discussing	
  and	
  negotiating,	
  and	
  were	
  able	
  to	
  agree	
  on	
  formats	
  for	
  exams,	
  grading	
  protocols	
  and	
  the	
  
design	
  of	
  the	
  course.	
  When	
  a	
  new	
  teaching	
  team	
  began	
  to	
  offer	
  AISS,	
  Katie	
  described	
  how	
  the	
  new	
  
team	
  was	
  unable	
   to	
  have	
  the	
   full	
  year	
  as	
  her	
   team	
  did,	
  and	
  wondered	
  how	
  the	
  negotiations	
  were	
  
possible	
  in	
  the	
  shorter	
  timeframe.	
  She	
  also	
  mentioned	
  that	
  the	
  new	
  team	
  (which	
  included	
  Scot)	
  met	
  
for	
   the	
   summer	
   and	
   decided	
   to	
   re-­‐invent	
   large	
   parts	
   of	
   the	
   course	
   instead	
   of	
   building	
   upon	
   or	
  
adapting	
  the	
  materials	
  developed	
  by	
  the	
  founding	
  team.	
  	
  

When	
  the	
  course	
  was	
   implemented,	
  the	
   intense	
  demands	
  of	
  time	
  became	
  apparent	
  –	
   including	
  18	
  
hours	
  of	
  contact	
  per	
  week	
  mixed	
  between	
  five	
  days	
  a	
  week	
  of	
  teaching	
  and	
  daily	
  office	
  hours.	
  Katie	
  
recognized	
   that	
   preparing	
   faculty	
   for	
   this	
   kind	
   of	
   environment	
   might	
   be	
   difficult	
   without	
   the	
  
“inherently	
   interdisciplinary”	
   environment	
   of	
   Keck	
   Science.	
   The	
   Keck	
   Science	
   department	
   already	
  
had	
  an	
  agreement	
  to	
  have	
  interdisciplinary	
  seminars	
  and	
  they	
  enlisted	
  nearly	
  the	
  entire	
  department	
  
to	
  help	
  design	
  labs	
  for	
  the	
  AISS	
  course.	
  This	
  broadened	
  awareness	
  of	
  the	
  course	
  within	
  Keck	
  Science	
  
and	
  also	
  helped	
  the	
  AISS	
  teaching	
  team	
  learn	
  more	
  about	
  different	
  approaches	
  to	
  teaching.	
  	
  Grading	
  
within	
  the	
  AISS	
  course	
  was	
  done	
  with	
  individual	
  subject	
  experts	
  grading	
  questions	
  pertaining	
  to	
  their	
  
field	
  and	
  the	
  team	
  would	
  pass	
  around	
  exams	
  to	
  reconcile	
  their	
  grades	
  for	
  interdisciplinary	
  questions.	
  	
  

The	
  assessment	
  of	
  teaching	
  and	
  learning	
  consisted	
  of	
  a	
  mid-­‐semester	
  survey	
  for	
  students	
  and	
  end	
  of	
  
semester	
  evaluations,	
  and	
  a	
  team	
  from	
  Claremont	
  Graduate	
  University	
  interviewing	
  students	
  about	
  
their	
  experience.	
  Katie	
  reinforced	
  Scot’s	
  point	
  about	
  AISS	
  graduates	
  having	
  good	
  success	
  in	
  science	
  
fields	
   after	
   graduation	
   and	
   improved	
   performance	
   in	
   more	
   advanced	
   classes	
   as	
   an	
   indicator	
   of	
  



student	
   learning.	
   	
  The	
  teaching	
  for	
  the	
  course	
  was	
  assessed	
  constantly	
  by	
  the	
  team	
  as	
  they	
  taught	
  
and	
   in	
   their	
  weekly	
  meetings.	
   The	
  bonds	
  within	
   the	
   teaching	
   team	
  made	
   it	
   easier	
   to	
   then	
  discuss	
  
different	
  teaching	
  approaches	
  and	
  to	
  honestly	
  work	
  out	
  solutions	
  when	
  teaching	
  was	
  not	
  going	
  well	
  
in	
  some	
  of	
  their	
  sessions	
  with	
  students.	
  	
  	
  

Interview	
  III	
  –	
  Scott	
  Auerbach,	
  University	
  of	
  Massachusetts,	
  Amherst	
  -­‐	
  ICONS	
  

A	
  second	
  interview	
  from	
  Scott	
  Auerbach	
  discussed	
  the	
  U.	
  Massachusetts,	
  Amherst,	
  ICONS	
  program.	
  
Scott	
   is	
   the	
  program	
  director	
   for	
   the	
   ICONs	
  program	
  and	
  he	
  began	
  by	
  describing	
  how	
  his	
  program	
  
differs	
  from	
  some	
  of	
  the	
  other	
  interdisciplinary	
  science	
  programs.	
  The	
  ICONs	
  team	
  visited	
  Princeton	
  
University	
  and	
  Olin	
  College	
  in	
  the	
  early	
  days	
  and	
  were	
  very	
  impressed	
  with	
  both	
  of	
  these	
  institutions	
  
and	
  their	
  approaches.	
  In	
  particular,	
  Scott	
  indicated	
  that	
  the	
  Olin	
  visit	
  was	
  “transformative”	
  –	
  but	
  in	
  
both	
   cases	
   the	
   ICONs	
   team	
   recognized	
   the	
   need	
   for	
   their	
   program	
   to	
   help	
   heal	
   the	
   “splintered”	
  
nature	
   of	
   academia	
   which	
   is	
   dominated	
   by	
   disciplinary	
   approaches.	
   	
   Breaking	
   out	
   of	
   disciplinary	
  
approaches	
   is	
   really	
   a	
   “sociology	
   problem”	
   according	
   to	
   Scott.	
   	
   The	
   ICONs	
   program	
   is	
   one	
   that	
  
reaches	
  about	
  60	
  each	
  year,	
   in	
  an	
   institution	
  with	
  40,000	
   students.	
  The	
  U	
  Mass	
   students	
  apply	
   to	
  
ICONs	
  and	
  of	
  the	
  160	
  who	
  apply,	
  60	
  are	
  accepted.	
  This	
  small	
   fraction	
  of	
  students	
  who	
  apply	
  could	
  
also	
  be	
  part	
  of	
  a	
   larger	
  sociology	
  in	
  which	
  predictable	
  and	
  traditional	
  approaches	
  may	
  be	
  easier	
  to	
  
accept	
  for	
  both	
  students	
  and	
  faculty.	
  

The	
   teaching	
  within	
   ICONs	
   is	
   designed	
  with	
   active	
   learning	
   in	
  mind	
  with	
   the	
   “Guide	
   on	
   the	
   Side”	
  
approach	
  built	
  into	
  the	
  course	
  design,	
  which	
  focuses	
  on	
  case	
  studies	
  and	
  student-­‐initiated	
  research	
  
questions.	
   The	
   ICONs	
   program	
   includes	
   two	
   tracks	
   which	
   studies	
   health/biomedical	
   topics	
   and	
  
energy/environmental	
  science	
  topics.	
  The	
  two	
  tracks	
  begin	
  together	
  in	
  ICONs	
  1,	
  but	
  are	
  split	
  in	
  the	
  
ICONS2	
   and	
   ICONS3	
   courses.	
   Within	
   ICONs	
   2	
   is	
   a	
   “boot	
   camp”	
   which	
   gives	
   intensive	
   training	
   in	
  
communication	
  for	
  several	
  purposes	
  –	
  persuasive	
  speeches,	
  effective	
  Powerpoint	
  presentations,	
  and	
  
proposal	
  writing.	
  Scott	
  explained	
  how	
  the	
  student-­‐written	
  proposals	
  enter	
  in	
  a	
  competition	
  to	
  form	
  
teams	
  which	
  then	
  together	
  take	
  on	
  the	
  student-­‐proposed	
  research	
  projects	
  in	
  a	
  five	
  week	
  unit.	
  The	
  
idea	
   of	
   the	
   course	
   is	
   a	
   “Convergent	
   Design	
   Problem”	
   and	
   students	
   are	
   charged	
   with	
   choosing	
   a	
  
problem,	
   developing	
   a	
   research	
   approach	
   and	
   then	
   implementing	
   the	
   research	
   –	
   all	
   within	
   four	
  
weeks!	
  	
  

The	
  intensity	
  of	
  the	
  ICONs	
  course	
  is	
  based	
  on	
  an	
  awareness	
  of	
  the	
  need	
  for	
  students	
  to	
  take	
  charge	
  
of	
  their	
  learning,	
  and	
  an	
  acceptance	
  of	
  the	
  role	
  of	
  challenge	
  and	
  even	
  failure	
  in	
  promoting	
  student	
  
learning.	
  The	
  students	
  design	
  and	
  conduct	
  two	
  of	
  these	
  research	
  projects	
  within	
  a	
  semester,	
  and	
  in	
  
both	
   cases	
   are	
   required	
   to	
   reflect	
   on	
  what	
   they	
   learned,	
   and	
   in	
   cases	
  where	
   the	
   research	
   fails	
   to	
  
discuss	
  why	
  this	
  happened	
  and	
  what	
  they	
  would	
  do	
  differently	
  given	
  a	
  second	
  attempt.	
   	
  Since	
  the	
  
ambitious	
  projects	
  are	
  being	
  conducted	
  by	
  inexperienced	
  students,	
  the	
  instructor	
  team	
  fully	
  expects	
  
many	
  of	
   the	
  projects	
   to	
   fail	
  and	
  recognizes	
  the	
   importance	
  of	
   this	
  element	
   in	
   learning	
  despite	
  this	
  
bringing	
  a	
  certain	
  tension	
  and	
  anxiety	
  into	
  the	
  course.	
  	
  The	
  idea	
  is	
  that	
  even	
  if	
  activities	
  “crash	
  and	
  
burn”	
  students	
  will	
  learn	
  if	
  they	
  reflect	
  on	
  why	
  it	
  happened.	
  	
  

Scott	
  discussed	
  how	
  challenging	
  it	
  was	
  for	
  him	
  to	
  enter	
  into	
  the	
  environment	
  of	
  ICONs	
  at	
  first	
  and	
  it	
  
required	
  a	
  lot	
  of	
  effort	
  to	
  learn	
  the	
  new	
  ways	
  to	
  teach.	
  He	
  also	
  appreciated	
  the	
  team-­‐based	
  nature	
  
of	
  the	
  course	
  which	
  includes	
  2	
  faculty	
  and	
  a	
  TA	
  in	
  ICONs	
  1,	
  and	
  a	
  pair	
  of	
  instructors	
  in	
  ICONs	
  2	
  and	
  3.	
  
Their	
  teams	
  are	
  also	
  well	
  served	
  by	
  a	
  very	
  competent	
  staff	
  director	
  of	
  ICONs	
  which	
  Scott	
  considered	
  
a	
  “Secret	
  Weapon”	
  of	
  the	
  program.	
  	
  



To	
   communicate	
   what	
   is	
   happening	
   within	
   ICONs,	
   it	
   is	
   necessary	
   for	
   the	
   entire	
   group	
   of	
   ICONs	
  
affiliated	
  faculty	
  to	
  meet	
  in	
  a	
  retreat,	
  which	
  is	
  typically	
  conducted	
  both	
  before	
  and	
  after	
  the	
  Spring	
  
Semester.	
  Typically	
  in	
  the	
  first	
  week	
  of	
  January,	
  the	
  8	
  ICONs	
  faculty	
  along	
  with	
  6	
  interested	
  faculty	
  
meet	
   to	
  discuss	
   the	
  goals	
  of	
   ICONS	
   for	
   the	
  coming	
  semester,	
  and	
   then	
  debrief	
  at	
   the	
  end	
  as	
  well.	
  	
  
These	
  meetings	
   in	
   some	
  years	
  are	
  a	
  weekend	
  retreat	
   (as	
  was	
   the	
  case	
   for	
   their	
  5-­‐year	
   review	
  this	
  
year)	
  but	
   in	
  other	
  years	
  are	
  simply	
   long	
  lunch-­‐based	
  meetings.	
   	
  The	
  ICONs	
  program	
  recognizes	
  the	
  
ICONs	
  program	
  is	
  not	
  “ordinary	
  teaching”	
  so	
  Scott	
  selects	
  only	
  tenured	
  faculty	
  so	
  as	
  to	
  not	
  risk	
  junior	
  
faculty	
   losing	
   tenure	
   from	
   lower	
  course	
  evaluations.	
  This	
   is	
  due	
   to	
   the	
   innovative	
  approach	
  within	
  
ICONs	
  which	
  can	
  get	
   lower	
  course	
  evaluations	
   in	
  some	
  of	
   the	
  traditional	
  categories	
  of	
   the	
  U	
  Mass	
  
standardized	
   teaching	
   form.	
   However	
   since	
   Scott	
   is	
   looking	
   for	
   the	
   best	
   faculty	
   he	
   sometimes	
  
approaches	
  faculty	
  within	
  months	
  after	
  receiving	
  tenure	
  to	
  bring	
  them	
  into	
  the	
  group!	
  

Within	
   ICONs	
   is	
   an	
   unusual	
   approach	
   to	
   assessing	
   student	
   learning.	
   The	
   academic	
   assessment	
  
consists	
   of	
   students	
   explaining	
   their	
   learning	
   process	
   in	
   an	
   interview	
   with	
   another	
   student.	
   The	
  
students	
   record	
  each	
  other’s	
   answers	
   to	
  how	
   they	
  have	
  progress	
   in	
  each	
  of	
   the	
  15	
   listed	
   learning	
  
goals	
  for	
  the	
  course,	
  and	
  then	
  synthesize	
  these	
  answers	
  into	
  a	
  cogently	
  written	
  piece	
  that	
  describes	
  
how	
  well	
  they	
  have	
  learned	
  within	
  3	
  of	
  the	
  most	
  important	
  learning	
  goals,	
  and	
  are	
  graded	
  on	
  their	
  
piece	
   based	
   on	
   how	
   much	
   they	
   have	
   improved	
   and	
   how	
   they	
   as	
   students	
   can	
   document	
   this	
  
learning.	
  	
  Training	
  students	
  to	
  take	
  agency	
  in	
  their	
  learning	
  and	
  even	
  in	
  assessing	
  their	
  own	
  learning	
  
is	
   a	
  different	
   type	
  of	
   culture	
  –	
  and	
   the	
   ICONs	
  program	
  works	
   to	
   train	
   students	
   in	
  managing	
   these	
  
expectations	
   from	
   “Day	
   1”	
   in	
   their	
   orientation	
   program.	
   	
   The	
   program	
   tracks	
   students	
   after	
  
graduation	
   and	
   are	
   proud	
   that	
   58/60	
   of	
   their	
   first	
   graduating	
   class	
   were	
   placed	
   in	
   good	
   jobs	
   or	
  
postgraduate	
  work	
  after	
  one	
  year.	
  	
  

Interview	
  IV	
  –	
  Joshua	
  Shaevitz,	
  Princeton	
  University,	
  Integrated	
  Science	
  

The	
  fourth	
  interview	
  for	
  the	
  project	
  comes	
  from	
  Joshua	
  Shaevitz,	
  who	
  directs	
  the	
  Integrated	
  Science	
  
program	
   at	
   Princeton	
  University.	
   Josh	
   takes	
   the	
   reins	
   of	
   a	
   very	
  well-­‐established	
   institution	
  within	
  
Princeton,	
   began	
   over	
   a	
   decade	
   ago	
   by	
   David	
   Botstein	
   and	
   others,	
   to	
   create	
   a	
   form	
   of	
   science	
  
education	
  that	
  integrates	
  physics,	
  computer	
  science	
  and	
  biology	
  at	
  a	
  high	
  level.	
  The	
  original	
  program	
  
was	
   a	
   3-­‐year	
   curriculum	
   that	
   included	
   an	
   intensive	
   first	
   year	
   of	
   physics,	
   chemistry	
   and	
   computer	
  
science,	
   followed	
  by	
  a	
  second	
  year	
  of	
  biology	
  and	
  biochemistry,	
  and	
  then	
  a	
  third	
  year	
  Project	
  Lab.	
  
The	
  current	
  program	
  has	
  been	
  restructured	
  into	
  a	
  freshman	
  year	
  program	
  that	
  integrates	
  computer	
  
science,	
  biology,	
  biochemistry	
  and	
  physics,	
  with	
  a	
  very	
  high	
  level	
  of	
  mathematics	
  applied	
  throughout	
  
the	
  curriculum.	
  The	
  intensive	
  first	
  year	
  double	
  course	
  meets	
  five	
  times	
  a	
  week,	
  as	
  half	
  of	
  a	
  student’s	
  
four	
   courses,	
   and	
   fulfils	
   the	
   introductory	
   year-­‐long	
   course	
   requirement	
   in	
   chemistry,	
   physics,	
   and	
  
semester	
   credit	
   for	
   introductory	
  majors-­‐level	
   courses	
   in	
   Computer	
   science	
   and	
  molecular	
   biology.	
  
Students	
  can	
  separately	
  complete	
  a	
  certificate	
   in	
  quantitative	
  biology,	
  but	
   this	
   is	
  no	
   longer	
  part	
  of	
  
the	
  Integrated	
  Science	
  curriculum.	
  	
  

Josh	
  mentioned	
   that	
   the	
   program	
  has	
   capacity	
   for	
  more	
   students	
   than	
   its	
   current	
   30-­‐40	
  who	
   are	
  
accepted	
  currently.	
  These	
  students	
  are	
  selected	
  to	
  have	
  high	
  math	
  proficiency	
  (at	
  the	
  AP	
  AB	
  calculus	
  
level),	
  and	
  are	
  expected	
  to	
  be	
  comfortable	
  with	
  the	
  high	
  level	
  of	
  mathematics.	
  Josh	
  suggested	
  that	
  
the	
  program	
  could	
  grow	
  to	
  60-­‐70	
  students	
   if	
   it	
  were	
  redesigned	
  to	
  be	
  more	
  flexible	
  with	
  the	
  math	
  
requirements,	
   and	
   a	
   bit	
   less	
   of	
   a	
   workload	
   to	
   allow	
   students	
   to	
   have	
   more	
   balanced	
   schedules.	
  
Despite	
  the	
  high	
  workload,	
  which	
  is	
  “just	
  over	
  the	
  edge	
  for	
  some	
  Princeton	
  students,”	
  the	
  program	
  



has	
   attracted	
   some	
   of	
   the	
   best	
   undergraduate	
   students	
   in	
   the	
   country,	
   who	
   usually	
   go	
   on	
   to	
   do	
  
advanced	
  research	
  while	
  undergraduates,	
  and	
  obtain	
  doctoral	
  degrees	
  after	
  Princeton.	
  	
  

The	
  semester	
  is	
  taught	
  by	
  three	
  science	
  professors,	
  and	
  one	
  computer	
  science	
  professors,	
  who	
  trade	
  
off	
  their	
  teaching	
  duties	
  according	
  to	
  a	
  schedule	
  which	
  might	
  include	
  science	
  classes	
  and	
  computer	
  
science	
  classes	
  on	
  alternate	
  days.	
  On	
  any	
  given	
  day,	
  one	
   faculty	
  member	
   is	
   lecturing	
   (the	
  primary	
  
mode	
  of	
  instruction)	
  and	
  the	
  material	
  to	
  be	
  taught	
  is	
  agreed	
  upon	
  in	
  advance.	
  Since	
  the	
  pedagogy	
  is	
  
primarily	
   lecturing,	
   and	
   the	
   curriculum	
   has	
   been	
   in	
   place	
   for	
   a	
   long	
   time,	
  many	
   of	
   the	
   Princeton	
  
faculty	
  are	
  well	
  aware	
  of	
  the	
  topics	
  and	
  approaches	
  in	
  the	
  class,	
  reducing	
  the	
  need	
  to	
  communicate	
  
about	
   the	
   events	
   within	
   the	
   classroom.	
   	
   The	
   assessments	
   have	
   been	
   set	
   previously,	
   and	
   the	
  
preceptors	
   are	
   responsible	
   for	
   setting	
   the	
   problems	
   to	
   be	
   worked,	
   and	
   grading	
   these	
   problems,	
  
again	
   removing	
   differences	
   between	
   the	
   various	
   professors.	
   	
   Professors	
   are	
   however	
   intimately	
  
involved	
   in	
   both	
   the	
   teaching	
   of	
   the	
   class,	
   and	
   in	
   helping	
   students	
   with	
   problems.	
   Some	
   of	
   the	
  
problems	
  are	
  worked	
  in	
  groups	
  on	
  Wednesday	
  nights,	
  and	
  the	
  TA’s	
  and	
  faculty	
  will	
  drop	
  into	
  these	
  
gatherings	
  to	
  help	
  the	
  students	
  along	
  and	
  also	
  to	
  get	
  to	
  know	
  them	
  better.	
   	
  Some	
  of	
  the	
  problems	
  
within	
  the	
  curriculum	
  are	
  legendary,	
  and	
  are	
  often	
  simple	
  to	
  describe	
  and	
  very	
  difficult	
  to	
  solve.	
  One	
  
example	
  was	
  the	
  “basketball	
  problem”	
  –	
  a	
  simple	
  problem	
  involving	
  accurately	
  solving	
  for	
  the	
  ranges	
  
of	
  the	
  force,	
  angles,	
  spin	
  and	
  other	
  variables	
  that	
  will	
  allow	
  for	
  a	
  basketball	
  to	
  travel	
  through	
  a	
  hoop	
  
from	
   a	
   given	
   distance.	
   The	
   problem	
   involves	
   physics,	
   computer	
   science,	
   and	
   some	
   advanced	
  
mathematics	
   to	
  solve	
  accurately	
  and	
   to	
  handle	
  error	
  propagation	
  of	
   the	
  many	
   factors.	
   	
   	
  The	
  small	
  
size	
   of	
   the	
   student	
   cohort,	
   and	
   the	
   intense	
   involvement	
   of	
   the	
   faculty	
   in	
   teaching	
   and	
  mentoring	
  
students	
   ensures	
   that	
   there	
   is	
   a	
   good	
   connection	
   to	
   help	
   assess	
   the	
   learning	
   of	
   students	
   in	
   the	
  
course.	
  	
  	
  

Despite	
  the	
  great	
  success	
  of	
  the	
  program,	
  Josh	
  is	
  hoping	
  to	
  expand	
  the	
  numbers	
  of	
  students	
  enrolled	
  
in	
   integrated	
   science	
   by	
   reducing	
   the	
   workload	
   and	
   mathematical	
   sophistication	
   slightly.	
   He	
   is	
  
hoping	
   to	
  export	
   this	
  program	
  since	
  he	
  believes	
   that	
   the	
  program	
  offers	
  a	
  unique	
   form	
  of	
   science	
  
education	
   that	
   is	
   valuable	
   for	
   two	
   reasons.	
   First,	
   the	
   way	
   it	
   makes	
   all	
   the	
   sciences	
   equally	
  
quantitative	
  helps	
  students	
  see	
  that	
  they	
  are	
  not	
  different.	
  Second,	
  the	
  ways	
  in	
  which	
  the	
  sciences	
  
overlap	
  each	
  other	
  and	
  can	
  be	
  unified	
  by	
  key	
  concepts	
  helps	
  students	
  learn	
  science	
  more	
  deeply	
  and	
  
see	
  the	
  influences	
  from	
  one	
  field	
  upon	
  another.	
  

Interview	
  V:	
  Darryl	
  Yong,	
  Harvey	
  Mudd	
  College	
  –	
  Probing	
  the	
  Inverted	
  Classroom	
  

Darryl	
   Yong	
   is	
   leading	
  multiple	
   team-­‐taught	
   courses,	
   which	
   includes	
   both	
   the	
   Inverted	
   Classroom	
  
project	
   (consisting	
  of	
   three	
  professors	
   teaching	
  Math	
  and	
  Engineering	
   in	
  a	
   flipped	
  and	
  non-­‐flipped	
  
format)	
  and	
  a	
  course	
  in	
  Applied	
  Math	
  for	
  Engineers,	
  which	
  is	
  a	
  team-­‐taught	
  course	
  between	
  Darryl	
  
and	
  an	
  Engineering	
  professor.	
  Darryl	
  also	
  is	
  an	
  associate	
  Dean	
  at	
  Harvey	
  Mudd	
  College,	
  and	
  is	
  very	
  
familiar	
   with	
   the	
   teaching	
   culture	
   across	
   Harvey	
   Mudd	
   College.	
   	
   His	
   work	
   with	
   the	
   Inverted	
  
Classroom	
  project	
  required	
  an	
  extraordinary	
  level	
  of	
  coordination	
  with	
  his	
  team,	
  as	
  they	
  wanted	
  to	
  
remove	
   the	
   bias	
   of	
   one	
   instructor	
   form	
   another	
   in	
   paired	
  math	
   sections.	
   	
   This	
   required	
   absolute	
  
standardization	
   of	
   the	
  material,	
   from	
   the	
   use	
   of	
   the	
   same	
  powerpoint	
   slides,	
   the	
   same	
  equations	
  
discussed	
   in	
   class,	
   and	
   scripted	
   class	
   sessions	
   to	
   insure	
   the	
   flipped	
  and	
   in-­‐person	
   class	
   experience	
  
was	
  the	
  same.	
  Achieving	
  this	
  level	
  of	
  coordination	
  with	
  his	
  co-­‐instructor,	
  Rachel	
  Levy,	
  was	
  extremely	
  
difficult	
  and	
  required	
  large	
  amounts	
  of	
  time	
  and	
  negotiating	
  to	
  agree	
  on	
  the	
  best	
  strategy	
  to	
  teach.	
  
Darryl	
   noted	
   that	
   at	
   first	
   4-­‐5	
   hours	
   per	
  week	
  were	
   required	
   for	
   this	
   coordination,	
   in	
   2-­‐3	
   separate	
  



meetings	
   in	
   each	
  week.	
   This	
   intense	
   process	
   enabled	
   them	
   to	
   learn	
   a	
   lot	
   from	
   each	
   other	
   about	
  
teaching,	
   and	
   Darryl	
   found	
   the	
   experience	
   both	
   very	
   challenging	
   and	
   very	
   rewarding.	
   After	
  many	
  
weeks,	
   the	
   co-­‐instructors	
   were	
   able	
   to	
   find	
   ways	
   to	
   divide	
   the	
   effort,	
   with	
   Rachel	
   specializing	
   in	
  
modelling	
   problems,	
   and	
   Darryl	
   working	
   to	
   align	
   objectives,	
   content	
   and	
   assessment	
   within	
   the	
  
course.	
   The	
   development	
   of	
   these	
   complementary	
   specialized	
   working	
   roles	
   helped	
   leverage	
   the	
  
strengths	
  and	
   interests	
  within	
  the	
  teaching	
  team,	
  making	
  the	
  end	
  product	
  better,	
  and	
  also	
  making	
  
the	
  development	
  of	
  classes,	
  edited	
  videos,	
  and	
  common	
  assignments	
  more	
  efficient.	
  	
  

Key	
  Points	
  from	
  the	
  Interviews	
  and	
  Implications	
  for	
  My	
  Practice	
  

From	
  my	
  interviews	
  I	
  recognized	
  many	
  similarities	
  between	
  the	
  ICONs	
  and	
  AISS	
  programs.	
  Both	
  are	
  
highly	
  successful,	
  ambitious	
  courses	
  that	
  are	
  offered	
  to	
  a	
  pre-­‐selected	
  “elite”	
  group	
  of	
  students.	
  The	
  
opportunity	
   to	
   select	
   a	
   small	
   subset	
   of	
   students	
   enables	
   the	
   team	
   to	
   demand	
   much	
   from	
   the	
  
students	
  as	
  well	
  as	
  to	
  manage	
  the	
  student	
  expectations.	
  Our	
  Yale-­‐NUS	
  Courses	
  such	
  as	
  Foundations	
  
of	
  Science	
  are	
  required	
  courses	
  for	
  all	
  students,	
  however,	
  so	
  we	
  have	
  fewer	
  opportunities	
  to	
  provide	
  
intensive	
  “boot	
  camp”	
  experiences	
  within	
  our	
  context.	
  However	
  the	
   ICONS	
  and	
  AISS	
  programs	
  are	
  
able	
   to	
   offer	
   active	
   learning	
   and	
   student-­‐driven	
   inquiry	
   in	
   their	
   daily	
   classes,	
   and	
   these	
   principles	
  
have	
   been	
   successfully	
   implementing	
   by	
   having	
   the	
   pedagogy	
   drive	
   the	
   content	
   chosen	
   for	
   the	
  
course.	
   	
   I	
   recognized	
   the	
   importance	
  of	
  having	
   the	
  pedagogy	
  as	
  a	
  primary	
  driver	
  of	
  content	
  was	
  a	
  
powerful	
  tool	
  in	
  uniting	
  faculty	
  even	
  as	
  they	
  come	
  from	
  different	
  disciplinary	
  backgrounds.	
  	
  The	
  use	
  
of	
  backward	
  course	
  design	
  in	
  both	
  AISS	
  and	
  ICONS,	
  with	
  clearly	
  articulated	
  and	
  assessable	
  learning	
  
outcomes	
   as	
   a	
   primary	
   design	
   principle,	
   was	
   also	
   a	
   powerful	
   tool	
   for	
   unifying	
   and	
   clarifying	
   the	
  
curriculum	
  for	
  both	
  students	
  and	
  faculty.	
  Using	
  innovative	
  assessment	
  strategies,	
  such	
  as	
  the	
  ICONs	
  
self-­‐assessment	
   by	
   students,	
   enables	
   the	
   instructors	
   to	
   provide	
   more	
   agency	
   within	
   the	
   student	
  
population	
  for	
  their	
   learning.	
   I	
   recognized	
  that	
  this	
  principle	
  could	
  be	
  applied	
  to	
  more	
  of	
  our	
  Yale-­‐
NUS	
  College	
  courses.	
  	
  

In	
   both	
   the	
   ICONs	
   and	
   AISS	
   courses,	
   the	
   interdisciplinary	
   science	
   courses	
   arose	
   from	
   “inherently	
  
interdisciplinary”	
   contexts.	
   In	
   both	
   cases	
   the	
   course	
   becomes	
   a	
   vehicle	
   for	
   knitting	
   together	
   a	
  
“community	
  of	
  practice”	
  as	
  it	
  is	
  the	
  “artefact”	
  within	
  the	
  community	
  that	
  becomes	
  joint	
  intellectual	
  
property.	
  The	
  AISS	
  case	
  drew	
  from	
  the	
  entire	
  department	
  in	
  the	
  design	
  of	
  labs,	
  and	
  this	
  reinforced	
  
the	
   role	
   of	
   the	
   course	
   in	
   the	
   department	
   and	
   became	
   a	
   useful	
   vehicle	
   for	
   sharing	
   pedagogical	
  
approaches.	
  This	
  large	
  amount	
  of	
  political	
  buy-­‐in	
  for	
  a	
  course	
  helped	
  provide	
  stability	
  and	
  has	
  made	
  
AISS	
  a	
  signature	
  offering	
  for	
  Keck	
  Science	
  department.	
  Managing	
  these	
  relationships	
  across	
  an	
  entire	
  
property,	
   and	
   sharing	
   the	
   task	
  of	
   development	
  of	
   a	
   course	
  broadly	
  not	
  only	
   can	
  make	
   the	
   course	
  
development	
   more	
   effective	
   but	
   can	
   provide	
   greater	
   stability	
   and	
   sharing	
   of	
   course	
   content	
   and	
  
pedagogy,	
  which	
  is	
  something	
  we	
  can	
  work	
  harder	
  on	
  in	
  our	
  context	
  at	
  Yale-­‐NUS	
  College.	
  The	
  use	
  of	
  
extended	
   periods	
   for	
   course	
   design	
   and	
   building	
   a	
   teaching	
   team	
  was	
   in	
   place	
   both	
   for	
   AISS	
   and	
  
ICONS	
  and	
  strengthened	
  the	
  bonds	
  within	
  the	
  teaching	
  team	
  that	
  enabled	
  them	
  to	
  discuss	
  teaching	
  
honestly	
  and	
  openly.	
  Our	
  Yale-­‐NUS	
  college	
  needs	
  to	
  be	
  sure	
  to	
  allow	
  for	
  ample	
  time	
  for	
  our	
  teaching	
  
teams	
  to	
  meet,	
  get	
  to	
  know	
  each	
  other,	
  and	
  to	
  discuss	
  approaches	
  to	
  pedagogy	
  and	
  assessment	
  in	
  
advance	
   of	
   the	
   semester,	
   before	
   designing	
   the	
   curriculum	
   and	
   teaching	
   to	
   students	
   in	
   this	
  multi-­‐
disciplinary	
  environment.	
  	
  

From	
  the	
  interviews	
  with	
  the	
  Princeton	
  and	
  HMC	
  instructors,	
  it	
  became	
  apparent	
  that	
  a	
  wide	
  range	
  
of	
   coordination	
  between	
   instructors	
   can	
  exist	
  and	
   still	
   produce	
  excellent	
  outcomes.	
  The	
  Princeton	
  



Integrated	
   Science	
   represented	
   a	
  minimalist	
   level	
   of	
   structured	
  meetings	
   and	
   required	
  meetings,	
  
because	
  of	
  a	
  high	
  degree	
  of	
  familiarity	
  with	
  the	
  long-­‐established	
  curriculum	
  among	
  the	
  faculty	
  and	
  
because	
   the	
   large	
  number	
  of	
   informal	
   contacts	
  between	
   students,	
   faculty	
  and	
  preceptors	
  enabled	
  
multiple	
  points	
  of	
  contact	
  and	
  channels	
  of	
  communication	
  within	
  the	
  community.	
  Within	
  the	
  Harvey	
  
Mudd	
   College	
   context,	
   the	
   effort	
   to	
   produce	
   standardized	
   class	
   materials	
   required	
   intensive	
  
negotiation	
  but	
  the	
  level	
  of	
  detail	
  also	
  enabled	
  both	
  instructors	
  to	
  gain	
  deep	
  insight	
  into	
  subtleties	
  in	
  
presenting	
  and	
  conceptualizing	
  math	
  materials	
  in	
  their	
  sections.	
  In	
  both	
  cases,	
  the	
  necessity	
  of	
  clear	
  
and	
  frequent	
  communication,	
  and	
  deep	
  personal	
  relationships	
  among	
  the	
  team	
  and	
  their	
  students	
  
made	
   the	
   development	
   of	
   a	
   quality	
   interdisciplinary	
   course	
   possible.	
   Our	
   group	
   at	
   Yale-­‐NUS	
   can	
  
learn	
  from	
  the	
  ways	
  in	
  which	
  the	
  persistent	
  negotiation	
  between	
  two	
  perspectives	
  from	
  a	
  teaching	
  
team	
  can	
  give	
  deep	
  insights	
  to	
  an	
  instructor	
  and	
  improve	
  the	
  quality	
  of	
  a	
  course.	
  Simultaneously	
  we	
  
can	
   recognize	
   that	
   the	
   development	
   of	
   a	
   larger	
   community	
   of	
   practice	
   within	
   interdisciplinary	
  
science	
  such	
  as	
  at	
  Princeton	
  University	
  can	
  help	
  provide	
  greater	
  breadth	
  and	
  stability	
   to	
  a	
  course,	
  
and	
  by	
  distributing	
  the	
  teaching	
  within	
  the	
  group,	
  it	
  is	
  possible	
  to	
  reduce	
  the	
  demands	
  on	
  faculty	
  to	
  
provide	
  a	
  sustainable	
  and	
  excellent	
  integrated	
  science	
  curriculum.	
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  Yale-­‐NUS	
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• Introduction	
  and	
  Context	
  

	
  
Yale-­‐NUS	
   College	
   has	
   launched	
   an	
   ambitious	
   common	
   curriculum,	
   which	
   spans	
   two	
   years	
   of	
  
undergraduate	
   education	
   in	
   humanities,	
   social	
   science	
   and	
   the	
   natural	
   sciences.	
   One	
   of	
   the	
   key	
  
components	
   is	
  the	
  year-­‐long	
  Foundations	
  of	
  Science	
  course,	
  which	
  is	
  taken	
  during	
  the	
  second	
  year	
  
by	
   nearly	
   all	
   of	
   the	
   Yale-­‐NUS	
   students.	
   Foundations	
   of	
   Science	
   (FOS)	
   is	
   intended	
   to	
   be	
   the	
  main	
  
science	
  course	
  for	
  non-­‐majors	
  in	
  science,	
  and	
  is	
  an	
  interdisciplinary	
  exploration	
  of	
  science	
  that	
  builds	
  
upon	
  the	
  work	
  students	
  have	
  done	
  in	
  the	
  first	
  year	
  of	
  the	
  common	
  curriculum.	
  Science	
  is	
  a	
  critical	
  
part	
   of	
   the	
   Yale-­‐NUS	
   Common	
   curriculum,	
   and	
   the	
   FOS	
   course	
   is	
   the	
   culmination	
   of	
   the	
   STEM	
  
portion	
  of	
  the	
  Common	
  Curriculum.	
  Like	
  the	
  rest	
  of	
  the	
  Common	
  Curriculum,	
  FOS	
  is	
  being	
  reviewed	
  
to	
   determine	
   its	
   success	
   with	
   students	
   in	
   promoting	
   learning	
   and	
   advancing	
   their	
   ability	
   to	
   be	
  
"informed	
   citizens	
   of	
   the	
   21st	
   century"	
   as	
   described	
   in	
   the	
   Yale-­‐NUS	
   Common	
   Curriculum	
   report	
  
(Garsten	
  et	
  al	
  2013).	
   	
  The	
  FOS	
  course	
   is	
   in	
   the	
  middle	
  of	
   its	
   second	
   implementation	
  and	
  has	
  been	
  
restructured	
  to	
  provide	
  a	
  common	
  assessment	
  framework,	
  and	
  a	
  new	
  “Grand	
  Challenge”	
  project	
  at	
  
the	
  end	
  of	
  the	
  course.	
  	
  	
  
	
  
FOS	
  is	
  a	
  team-­‐taught	
  course	
  -­‐	
  with	
  eight	
   instructors	
  divided	
  into	
  two	
  theme	
  groups	
  of	
  four.	
  Within	
  
FOS	
   each	
   of	
   the	
   four	
   instructors	
   offers	
   a	
   5-­‐week	
   "disciplinary	
   case	
   study"	
   aligned	
  within	
   a	
   theme	
  
area.	
  Students	
  take	
  two	
  of	
  these	
  5-­‐week	
  case	
  studies	
  from	
  their	
  instructors,	
  and	
  then	
  groups	
  of	
  four	
  
are	
  assembled	
  to	
  tackle	
  the	
  Grand	
  Challenge	
  problem.	
  The	
  entire	
  teaching	
  team	
  of	
  eight	
  professors	
  
meets	
  on	
  a	
  bi-­‐weekly	
  basis	
  to	
  plan	
  and	
  review	
  the	
  course.	
  The	
  four	
  units	
  in	
  each	
  of	
  the	
  two	
  theme	
  
areas	
  are	
  taught	
  at	
  the	
  same	
  time,	
  to	
  enable	
  students	
  to	
  sample	
  two	
  of	
  the	
  four	
  offerings	
  during	
  the	
  
semester.	
  
	
  
For	
  the	
  FOS	
  implementation	
  in	
  academic	
  year	
  2015-­‐16,	
  the	
  two	
  themes	
  of	
  the	
  course	
  are	
  Evolution	
  
(the	
  study	
  of	
  gradual	
  change	
  within	
   the	
  world	
   through	
  the	
   laws	
  of	
  physics,	
  chemistry	
  and	
  biology)	
  
and	
   Revolution	
   (the	
   study	
   of	
   sudden	
   disruptive	
   change	
   through	
   both	
   disasters	
   and	
   disruptive	
  
technology).	
   The	
   Evolution	
   theme	
   units	
   are	
   taught	
   by	
   instructors	
   from	
   the	
   disciplines	
   of	
   Field	
  
Ecology,	
   Biology,	
   Chemistry	
   and	
   Astronomy,	
   while	
   the	
   Revolution	
   theme	
   units	
   are	
   taught	
   by	
  
instructors	
  in	
  the	
  disciplines	
  of	
  Earth	
  Science,	
  Physics,	
  Computer	
  Science	
  and	
  non-­‐technology.	
  	
  
	
  
A	
  listing	
  of	
  our	
  instructors	
  for	
  the	
  eight	
  units	
  within	
  the	
  two	
  theme	
  areas	
  is	
  below:	
  

	
  
Evolution	
  Theme	
  Disciplinary	
  Case	
  Studies	
  	
  	
  
	
  
	
  Antonia	
  Monteiro	
  -­‐	
  	
  "Novel	
  Traits"	
  	
  (biology)	
  
Jen	
  Sheridan	
  -­‐	
  "Biogeography"	
  	
  (field	
  ecology)	
  
Stanislav	
  Presolski	
  -­‐	
  "Chemistry	
  of	
  Life"	
  	
  (chemistry)	
  
Bryan	
  Penprase	
  -­‐	
  "Finding	
  and	
  Maintaining	
  a	
  Habitable	
  Planet"	
  (astronomy)	
  
	
  



	
  
Revolution	
  Theme	
  Disciplinary	
  Case	
  Studies	
  	
  	
  
	
  
Andrew	
  Bettiol	
  -­‐	
  "Modern	
  Physics	
  and	
  the	
  Silicon	
  Revolution	
  "	
  (physics)	
  
Simon	
  Perrault	
  -­‐	
  "Interaction	
  with	
  Mobile	
  and	
  Wearable	
  Computers"	
  (chemistry)	
  
Lerwen	
  Liu	
  -­‐	
  "Nanotechnology	
  and	
  Sustainability"	
  (nano-­‐technology)	
  
Brian	
  McAdoo	
  -­‐	
  "Earthquakes"	
  (earth	
  sciences)	
  
	
  
The	
  Grand	
  Challenge	
  problem	
  was	
  designed	
  to	
  enable	
  students	
  to	
  apply	
  what	
  they	
  have	
  learned	
  in	
  
the	
  disciplinary	
  case	
  studies	
  to	
  a	
  new	
  context,	
  which	
  is	
  rooted	
  in	
  their	
  experience	
  and	
  relevant	
  to	
  the	
  
future	
  of	
   society.	
  The	
  students	
  are	
  combined	
   into	
  diverse	
   teams,	
   including	
  one	
  student	
   in	
  each	
  of	
  
the	
  four	
  discipline	
  areas.	
  The	
  teams	
  are	
  asked	
  to	
  design	
  a	
  technology	
  or	
  research	
  program	
  to	
  address	
  
the	
  theme	
  question.	
  These	
  Grand	
  Challenge	
  questions	
  are	
  listed	
  below	
  for	
  each	
  of	
  the	
  theme	
  areas:	
  
	
  

For	
  the	
  Revolution	
  theme	
  the	
  Grand	
  Challenge	
  question	
  is	
  to:	
  
"Design	
  a	
  new	
  disruptive	
  technological	
  innovation	
  that	
  can	
  be	
  used	
  to	
  deal	
  with	
  one	
  of	
  the	
  
consequences	
  of	
  global	
  climate	
  change."	
  
	
  
For	
  the	
  Evolution	
  theme	
  our	
  question	
  is:	
  
"What	
  are	
  some	
  likely	
  future	
  adaptations	
  of	
  organisms	
  and	
  communities	
  to	
  the	
  
anthropocene?"	
  

	
  
Each	
   of	
   the	
   teams	
   then	
   are	
   asked	
   to	
   design	
   their	
   own	
   research	
   program	
   in	
   the	
   case	
   of	
   Evolution	
  
students,	
  or	
  to	
   invent	
  their	
  own	
  "disruptive	
  technology"	
  in	
  the	
  case	
  of	
  Revolution	
  students.	
  During	
  
Semester	
  2	
  of	
  2016,	
  we	
  offer	
  the	
  second	
  semester	
  of	
  FOS	
  in	
  which	
  students	
  will	
  reverse	
  themes,	
  and	
  
take	
   two	
   additional	
   disciplinary	
   case	
   studies.	
   The	
   second	
   semester	
  will	
   feature	
   a	
   slightly	
   different	
  
mix	
  of	
  instructors	
  and	
  topics,	
  but	
  within	
  the	
  same	
  framework,	
  and	
  with	
  a	
  second	
  Grand	
  Challenge	
  at	
  
the	
  end	
  of	
  Semester	
  2.	
  	
  
	
  

• Literature	
  and	
  SoTL	
  Conceptual	
  Framework	
  
	
  

Our	
  Foundations	
  of	
  Science	
  course	
  was	
  designed	
  using	
  Scientific	
  Teaching	
  (Handelsman,	
  et	
  al	
  2011)	
  
and	
   backward	
   course	
   design	
   (Wiggins	
   and	
   McTighe,	
   2005).	
   As	
   such	
   we	
   identified	
   the	
   types	
   of	
  
assessments	
   and	
   learning	
  outcomes	
   rooted	
   in	
   student	
  experience	
  as	
  our	
  primary	
  design	
  principle.	
  
Our	
  class	
  was	
  intended	
  to	
  give	
  students	
  real-­‐world	
  experience	
  in	
  science	
  –	
  through	
  field	
  trips,	
  self-­‐
designed	
   inquiry	
   and	
   open-­‐ended	
   projects.	
   Within	
   the	
   teaching	
   we	
   have	
   employed	
   a	
   variety	
   of	
  
active-­‐learning	
   strategies	
   which	
   have	
   been	
   shown	
   to	
   be	
   superior	
   to	
   lectures	
   for	
   a	
   wide	
   range	
   of	
  
students	
   in	
   science	
   courses.	
   Examples	
   include	
  Deslauriers,	
   et	
   al	
   (2011),	
   showing	
   large	
   increases	
   in	
  
learning	
  for	
  students	
  using	
  active	
  learning	
  in	
  class	
  with	
  feedback,	
  and	
  the	
  meta-­‐analysis	
  of	
  Freeman	
  
et	
  al	
   (2014),	
   in	
  which	
  225	
  research	
  articles	
  on	
  active	
   learning	
  were	
  studied,	
  and	
   found	
  that	
   failure	
  
rates	
  within	
  lecture	
  courses	
  were	
  50%	
  higher	
  than	
  active	
  learning	
  courses.	
  While	
  each	
  of	
  our	
  eight	
  
instructors	
   brought	
   their	
   own	
   teaching	
   styles	
   to	
   their	
   units,	
   our	
   team	
  was	
   encouraged	
   to	
   employ	
  
well-­‐developed	
  active-­‐learning	
  strategies	
  such	
  as	
  Constructive	
  Alignment	
  to	
  enable	
  in-­‐class	
  activities	
  
to	
  align	
  with	
  assessable	
  learning	
  outcomes	
  (Biggs,	
  1996;	
  Biggs	
  and	
  Tang,	
  2011).	
  The	
  instructor	
  team	
  
as	
  part	
  of	
   the	
  Yale-­‐NUS	
   faculty	
  development	
  work	
  are	
  also	
   trained	
   in	
   the	
  seven	
  principles	
  of	
  good	
  
practice,	
   which	
   include	
   encouraged	
   contact	
   between	
   students	
   and	
   faculty,	
   reciprocity	
   and	
  
cooperation	
  between	
   students,	
   active	
   learning,	
  prompt	
   feedback,	
   time	
  on	
   task,	
  high	
  expectations,	
  
and	
   a	
   respect	
   for	
   diverse	
  ways	
   of	
   learning	
   (Chickering	
   and	
   Gamson,	
   1987).	
   To	
   this	
   end,	
   students	
  
were	
   actively	
   encouraged	
   to	
   come	
   to	
   office	
   hours	
   for	
   consultations,	
   oral	
   exams,	
   and	
   revisions	
   of	
  
papers,	
   student	
   teams	
   were	
   expected	
   to	
   collaborate	
   effectively,	
   and	
   our	
   courses	
   expected	
   high	
  
levels	
  of	
  achievement	
  within	
  a	
  short	
  timeframe	
  -­‐	
  even	
  though	
  students	
  were	
  not	
  science	
  majors.	
  	
  



	
  
Students	
   in	
   FOS	
   are	
   enabled	
   to	
   have	
   the	
   opportunity	
   to	
   rise	
   to	
   highest	
   levels	
   within	
   Bloom's	
  
taxonomy	
   and	
   the	
   modified	
   versions	
   of	
   the	
   taxonomy	
   (Anderson,	
   Krathwohl,	
   2001;	
   Krathwohl,	
  
2002).	
   	
  Within	
   the	
   course	
   are	
  multiple	
   opportunities	
   to	
   create,	
   and	
   also	
   to	
   evaluate	
   and	
   analyze	
  
scientific	
   theories	
   and	
   data.	
   These	
   higher	
   order	
   learning	
   skills	
   have	
   been	
   a	
   central	
   part	
   of	
   the	
  
Singaporean	
   educational	
   system	
   (Koh	
   et	
   al	
   2012),	
   and	
   are	
   found	
   to	
   enable	
   deeper	
   understanding	
  
when	
   accompanied	
   with	
   authentic	
   assessment.	
   Eight	
   crucial	
   elements	
   within	
   an	
   authentic	
  
assessment	
   scheme	
   include	
   assessments	
   that	
   are	
   challenging,	
   assessments	
   that	
   produce	
   a	
  
performance	
   or	
   product,	
   that	
   ensures	
   transfer	
   of	
   knowledge	
   to	
   a	
   real-­‐world	
   application,	
  
metacognition,	
   feedback,	
   and	
   collaboration	
   (Ashford-­‐Rowe,	
   et	
   al,	
   2014).	
   Authentic	
   assessment	
  
crucially	
  develops	
  realistic	
  exercises	
  that	
  reflect	
  "the	
  way	
  the	
  information	
  or	
  skills	
  would	
  be	
  used	
  in	
  
the	
   'real	
   world'"	
   (Svinicki,	
   2004),	
   and	
   exercises	
   that	
   require	
   "judgment	
   and	
   innovation"	
   in	
   which	
  
students	
  can	
  "'do'	
   the	
  subject"	
  and	
   in	
  which	
  they	
  can	
  "demonstrate	
  a	
  wide	
  range	
  of	
  skills	
   that	
  are	
  
related	
  to	
  a	
  complex	
  problem"	
  with	
  "feedback,	
  practice,	
  and	
  second	
  chances	
  to	
  solve	
  the	
  problem	
  
being	
  addressed."	
  (Svincki,	
  2004).	
  	
  
	
  
All	
  eight	
  of	
  our	
  sections	
  have	
  incorporated	
  a	
  standardized	
  authentic	
  assessment	
  scheme	
  that	
  makes	
  
use	
  of	
  formative	
  and	
  summative	
  assignments	
  in	
  the	
  6-­‐week	
  units.	
  The	
  use	
  of	
  frequent	
  feedback	
  
from	
  short	
  assignments,	
  and	
  other	
  types	
  of	
  formative	
  assessments	
  are	
  built	
  into	
  all	
  the	
  units,	
  since	
  
they	
  have	
  been	
  shown	
  to	
  be	
  the	
  single	
  most	
  important	
  ingredient	
  to	
  promote	
  learning,	
  and	
  can	
  shift	
  
students'	
  attitudes	
  about	
  their	
  abilities	
  in	
  science.	
  Key	
  in	
  implementing	
  effective	
  formative	
  feedback	
  
is	
  to	
  recognize	
  that	
  often	
  science	
  courses	
  overemphasize	
  normative	
  grading	
  instead	
  of	
  providing	
  
useful	
  advice	
  for	
  improvement.	
  As	
  stated	
  by	
  Black	
  and	
  William	
  (1998):	
  	
  
	
  

"	
  The	
  giving	
  of	
  marks	
  and	
  the	
  grading	
  function	
  are	
  overemphasized,	
  while	
  the	
  giving	
  of	
  useful	
  
advice	
  and	
  the	
  learning	
  function	
  are	
  underemphasized.	
  Approaches	
  are	
  used	
  in	
  which	
  pupils	
  
are	
  compared	
  with	
  one	
  another,	
  the	
  prime	
  purpose	
  of	
  which	
  seems	
  to	
  them	
  to	
  be	
  
competition	
  rather	
  than	
  personal	
  improvement;	
  in	
  consequence,	
  assessment	
  feedback	
  
teaches	
  low-­‐achieving	
  pupils	
  that	
  they	
  lack	
  “ability,”	
  causing	
  them	
  to	
  come	
  to	
  believe	
  that	
  
they	
  are	
  not	
  able	
  to	
  learn."	
  

	
  
A	
  primary	
  goal	
  of	
  FOS	
  is	
  to	
  affect	
  the	
  self-­‐concept	
  of	
  a	
  science	
  student,	
  to	
  help	
  them	
  achieve	
  higher	
  
in	
  their	
  science	
  classes	
  by	
  combatting	
  a	
  “fixed	
  frame”	
  of	
  performance	
  which	
  pervades	
  many	
  science	
  
courses	
   and	
   creating	
   a	
   “growth	
   frame”	
   within	
   the	
   course	
   to	
   enable	
   achievement	
   goals	
   (O'Keefe,	
  
2013;	
  Dweck,	
  1999,	
  Dweck	
  and	
  Leggett,	
  1988).	
  The	
  growth	
  is	
  promoted	
  by	
  an	
  emphasis	
  on	
  student	
  
questions,	
   team-­‐based	
   assignments,	
   and	
   access	
   to	
   frequent	
   and	
   intensive	
   consultations	
   and	
  
discussions	
  with	
   faculty	
   to	
   enable	
   all	
   of	
   the	
   students	
   to	
   do	
   excellent	
  work	
   on	
   their	
   final	
   projects.	
  
Within	
  the	
  formative	
  assessment	
  of	
  FOS	
  is	
  a	
  mid-­‐term	
  assignment,	
  which	
  is	
  designed	
  along	
  research-­‐
validated	
  methods	
   that	
   have	
   been	
   shown	
   to	
   drastically	
   promote	
   learning.	
   The	
   elements	
   of	
   good	
  
formative	
  assessment,	
  present	
  in	
  our	
  FOS	
  sections,	
  include	
  written	
  tasks,	
  alongside	
  oral	
  questioning,	
  
with	
  comments	
  to	
  indicate	
  what	
  has	
  done	
  well	
  and	
  what	
  needs	
  improvement,	
  and	
  a	
  chance	
  to	
  revise	
  
or	
   respond	
   to	
  comments	
   (Black	
  et	
  al,	
  2004).	
  The	
  emphasis	
  within	
   the	
   feedback	
   is	
   to	
  provide	
  good	
  
information	
  about	
   the	
  tasks	
  and	
  the	
  processes	
  within	
   the	
  course,	
  which	
  has	
  been	
  found	
  to	
  be	
  the	
  
portion	
   of	
   feedback	
   most	
   necessary	
   for	
   student	
   progress,	
   as	
   opposed	
   to	
   feedback	
   about	
   self	
  
regulation	
  and	
   the	
   self	
   (Hattie	
  and	
  Timperley,	
  2007).	
   	
  Other	
  elements	
   in	
  good	
   formative	
   feedback	
  
has	
  been	
  found	
  to	
   include	
  sharing	
  success	
  criteria	
  with	
   learners,	
  classroom	
  questioning,	
  comment-­‐
only	
  marking,	
  peer	
  and	
  self-­‐assessment,	
  and	
   formative	
  use	
  of	
   summative	
   tests,	
  which	
  can	
  provide	
  
the	
  "formative	
  interaction"	
  in	
  which	
  an	
  interactive	
  situation	
  influences	
  cognition	
  (Black	
  and	
  William,	
  
2009).	
  	
  
	
  
	
  



The	
   summative	
   assessment	
   in	
   FOS	
   is	
   a	
   final	
   project,	
   accounting	
   for	
   50%	
   of	
   the	
   section	
   grade.	
   To	
  
ensure	
  that	
  these	
  assessments	
  are	
  authentic,	
  each	
  instructor	
  has	
  chosen	
  projects	
  that	
  embody	
  the	
  
course	
   content	
   into	
   a	
   production	
   that	
   varies	
   by	
   discipline.	
   Examples	
   include	
   writing	
   a	
   research	
  
proposal,	
   making	
   soap	
   in	
   a	
   chemistry	
   laboratory,	
   designing	
   and	
   building	
   circuits	
   with	
   Arduino	
  
processors,	
  conducting	
  a	
  study	
  of	
  animal	
  populations	
  using	
  camera	
  trapping,	
  developing	
  a	
  business	
  
plan,	
  choosing	
  an	
  extra-­‐solar	
  planet	
  system	
  and	
  assessing	
  the	
  habitability	
  of	
  the	
  planets,	
  and	
  making	
  
a	
  proposal	
  for	
  a	
  new	
  technology	
  employing	
  principles	
  of	
  physics.	
   	
  The	
  collaborative	
  element	
  of	
  our	
  
authentic	
   assessment	
   for	
   FOS	
   is	
  built	
  within	
   the	
  weekly	
  active	
   learning	
  projects,	
   and	
  also	
   into	
   the	
  
Grand	
  Challenge	
  project.	
   The	
   intrinsic	
   design	
  of	
   FOS	
   is	
   to	
  provide	
   the	
   chance	
   to	
   "do	
   science"	
   and	
  
then	
   to	
  apply	
   the	
   learning	
   to	
  a	
  complex,	
   interdisciplinary	
  Grand	
  Challenge.	
  The	
  students	
  are	
  given	
  
feedback	
  and	
  then	
  a	
  second	
  chance	
  in	
  Semester	
  2	
  to	
  improve	
  and	
  to	
  solve	
  problems	
  with	
  their	
  new	
  
skills.	
   In	
   many	
   cases,	
   our	
   instructors	
   employed	
   short	
   reading	
   quizzes	
   as	
   a	
   way	
   to	
   help	
   promote	
  
practice	
  within	
   the	
   course,	
   as	
   low-­‐stakes	
   tests	
   and	
   quizzes	
   have	
   been	
   shown	
   to	
   improve	
   student	
  
learning	
  (Snooks,	
  2005).	
  	
  
	
  
The	
   FOS	
   is	
   also	
   rooted	
   in	
   experiential	
   learning	
   as	
   students	
   are	
   conducting	
   fieldwork,	
   taking	
  
measurements,	
   and	
  making	
   circuits	
  and	
  experiments	
   in	
   class.	
  Kolb	
  has	
  described	
   the	
   "experiential	
  
learning	
  cycle"	
  (Kolb	
  and	
  Kolb,	
  2005)	
  as	
  one	
  that	
   links	
  active	
  hypothesis	
  testing	
  to	
  experience	
  with	
  
reflection	
   into	
  a	
  series	
  of	
  cycles.	
   	
  The	
  repeated	
  cycles	
  of	
   two	
  disciplinary	
  case	
  studies	
  and	
  a	
  grand	
  
challenge	
  is	
  followed	
  by	
  a	
  period	
  of	
  reflection	
  during	
  the	
  semester	
  break,	
  and	
  students	
  are	
  asked	
  to	
  
write	
  a	
  short	
  piece	
  to	
  describe	
  their	
  learning	
  process	
  and	
  how	
  they	
  know	
  they	
  have	
  learned	
  within	
  
an	
  online	
  form.	
  These	
  types	
  of	
  reflections	
  have	
  been	
  shown	
  to	
  enhance	
  learning	
  (Ash	
  and	
  Clayton,	
  
2004),	
  and	
  have	
  been	
  an	
  integral	
  part	
  of	
  the	
  communication	
  between	
  the	
  students	
  and	
  the	
  teaching	
  
team	
  for	
  both	
  years	
  that	
  FOS	
  has	
  been	
  offered.	
  	
  
	
  
Group	
  work	
  such	
  as	
  the	
  team	
  effort	
  for	
  the	
  Grand	
  Challenge	
  can	
  promote	
  deep	
  learning,	
  and	
  active	
  
learning,	
   as	
  well	
   as	
   to	
   enable	
   students	
   construct	
   knowledge	
   (Davies,	
   2009).	
   However	
   group	
  work	
  
also	
   has	
   common	
   problems	
   such	
   as	
   "free	
   riding"	
   and	
   the	
   "sucker	
   effect"	
   in	
  which	
   students	
   "face	
  
conflicting	
  demands	
  between	
  altruism	
  and	
  self-­‐interest"	
  in	
  their	
  work	
  with	
  peers	
  (Davies,	
  2009).	
  To	
  
alleviate	
  these	
  problems,	
  each	
  of	
  the	
  Grand	
  Challenge	
  teams	
  were	
  asked	
  to	
  provide	
  peer	
  evaluations	
  
of	
  their	
  fellow	
  team	
  members	
  using	
  a	
  customized	
  software	
  developed	
  at	
  NUS	
  known	
  as	
  TEAMMATES	
  
(Rajapakse,	
  2015).	
  This	
  software	
  also	
  allows	
  students	
  to	
  also	
  provide	
  additional	
  comments	
  about	
  the	
  
ways	
   in	
   which	
   each	
   member	
   contributed,	
   thereby	
   encouraging	
   metacognition	
   and	
   specialization.	
  
Detailed	
   studies	
   of	
   peer	
   assessment	
   instruments	
   have	
   shown	
   that	
   both	
   short	
   and	
   long	
   forms	
   for	
  
peer	
   evaluation	
   are	
   reliable	
   and	
   limit	
   the	
   leniency	
   bias	
   that	
   is	
   typically	
   seen	
   in	
   a	
  more	
   elaborate	
  
graphic	
  rating	
  form	
  (Baker,	
  2008).	
  	
  
	
  

• Research	
  Question	
  
	
  

“What	
  are	
   strategic	
  ways	
   to	
  enhance	
   the	
  authentic	
  assessment	
  of	
   student	
   learning	
   in	
  the	
  multi-­‐
disciplinary	
  Foundations	
  of	
  Science	
  course?”	
  (our	
  primary	
  research	
  question)	
  
	
  
This	
   main	
   research	
   question	
   is	
   also	
   accompanied	
   by	
   other	
   questions	
   which	
   hopefully	
   can	
   be	
  
answered,	
  at	
  least	
  partially	
  from	
  our	
  research	
  project.	
  The	
  additional	
  subsidiary	
  questions	
  are:	
  
	
  

• How	
  does	
  Foundations	
  of	
  Science	
  affect	
  student	
  interest	
  in	
  science,	
  and	
  student	
  self	
  concept?	
  
• How	
   can	
   we	
   improve	
   the	
   quality	
   and	
   consistency	
   of	
   formative	
   and	
   assessment	
   processes	
  

within	
  and	
  across	
  sections?	
  	
  
• To	
  what	
  extent	
  are	
  learning	
  outcomes	
  explicit	
  and	
  consistent	
  within	
  and	
  across	
  sections?	
  

	
  
	
  



• Methodology	
  &	
  Data	
  Collection	
  
	
  

Our	
  methodology	
  comes	
  from	
  Action	
  Research	
  (McNiff,	
  2004;	
  Elliot,	
  1991)	
  where	
  we	
  will	
  employ	
  a	
  
mixed	
  methods	
  approach.	
  Our	
  methodology	
  includes	
  survey	
  data	
  to	
  assess	
  baseline	
  and	
  changes	
  in	
  
student	
   attitudes	
   about	
   science,	
   and	
   a	
   series	
   of	
   focus	
   group	
   interviews	
   to	
   allow	
   a	
   representative	
  
sample	
  of	
  students	
  reflect	
  on	
  their	
  experiences,	
  and	
  share	
  some	
  of	
  the	
  complexities	
  and	
  nuance	
  to	
  
help	
   determine	
   the	
   nature	
   of	
   the	
   learning	
   within	
   the	
   course.	
   	
   In	
   addition,	
   we	
   have	
   employed	
  
document	
  analysis	
  through	
  portfolio	
  review	
  among	
  our	
  team	
  of	
  eight	
  instructors	
  of	
  Foundations	
  of	
  
Science.	
   The	
   design	
   and	
   rationale	
   of	
   each	
   of	
   these	
   methods	
   are	
   described	
   in	
   separate	
   sections	
  
below.	
  In	
  addition,	
  a	
  graphical	
  schematic	
  of	
  our	
  research	
  project	
  is	
  shown	
  below	
  in	
  Figure	
  1.	
  	
  

	
  
	
  
Figure	
   1:	
   Schematic	
   of	
   Foundations	
   of	
   Science	
   Action	
   Research	
   program,	
   with	
   three	
   years	
   of	
  
implementation	
  indicated,	
  and	
  the	
  location	
  of	
  various	
  stages	
  of	
  educational	
  research	
  indicated.	
  The	
  
research	
   project	
   will	
   inform	
   the	
   2016-­‐17	
   implementation,	
   which	
   comes	
   during	
   an	
   intense	
   cycle	
   of	
  
curriculum	
  review	
  at	
  Yale-­‐NUS	
  College.	
  	
  
	
  

Survey	
  Data	
  
	
  
We	
  surveyed	
  all	
  the	
  students	
  at	
  the	
  beginning	
  and	
  end	
  of	
  the	
  course	
  with	
  a	
  Science	
  Attitude	
  Survey,	
  
as	
  one	
  of	
  our	
  main	
  goals	
  was	
  to	
  help	
  students	
  appreciate	
  science,	
  and	
  to	
  engage	
  their	
  curiosity	
  to	
  
make	
   them	
   lifelong	
   learners	
   of	
   science.	
   Our	
   survey	
   has	
   employed	
   one	
   of	
   the	
   newly	
   developed	
  
instruments	
   that	
  can	
  help	
  measure	
  attitudes	
  and	
  modes	
  of	
   thinking	
  rather	
   than	
  domain	
  expertise.	
  
These	
  type	
  of	
  instruments	
  have	
  been	
  called	
  a	
  Formative	
  Assessment	
  of	
  Instruction	
  (FASI),	
  and	
  a	
  wide	
  
range	
   have	
   been	
   employed	
   in	
   pre	
   and	
   post-­‐course	
   applications	
   to	
   determine	
   course	
   gains	
   from	
  
different	
  modes	
  of	
  instruction.	
  	
  Examples	
  include	
  those	
  that	
  measure	
  "expert-­‐like	
  thinking"	
  (Adams	
  
and	
  Wieman,	
  2011),	
  the	
  Force	
  Concept	
   Inventory	
  (Hestenes,	
  Wells,	
  and	
  Swackhammer,	
  1992),	
  and	
  
the	
  Colorado	
  Learning	
  Attitudes	
  about	
  Science	
  Survey	
  or	
  CLASS	
  (Adams,	
  et	
  al,	
  2006).	
  A	
  meta-­‐analysis	
  
of	
   these	
   surveys	
   has	
   shown	
   categories	
   of	
   instruments	
   that	
   assess	
   engagement,	
   learning	
   gains,	
  
motivation,	
  self-­‐efficacy,	
  and	
  attitudes	
  (Lovelace	
  and	
  Brickman,	
  2013).	
  	
  From	
  this	
  comes	
  our	
  choice	
  
of	
   the	
   Glynn	
   Science	
   Attitude	
   Survey	
   (Glynn	
   2011),	
   which	
   has	
   been	
   tested	
  with	
   large	
   samples	
   of	
  
science	
   majors	
   and	
   non-­‐majors,	
   and	
   will	
   allow	
   us	
   to	
   test	
   the	
   relationship	
   between	
   student	
  
motivation	
  and	
  achievement,	
  which	
  has	
  been	
  shown	
  in	
  other	
  contexts	
  to	
  be	
  well	
  correlated	
  (Glynn	
  
et	
  al	
  2007).	
  	
  	
  



	
  
Within	
   the	
   survey	
   are	
   multiple	
   questions	
   within	
   several	
   categories	
   of	
   motivation	
   for	
   students	
  
(grades,	
  academic	
  preparation	
  for	
  future	
  courses,	
  curiosity,	
  and	
  income	
  potential),	
  and	
  a	
  statistical	
  
analysis	
   can	
   be	
   done	
   to	
   determine	
   the	
   significance	
   of	
   each	
   factor	
   for	
   different	
   categories	
   of	
  
students.	
   	
  The	
   recommendations	
   from	
  the	
  meta-­‐analysis	
   include	
  having	
  a	
  minimum	
  of	
  six	
   to	
  eight	
  
questions	
  for	
  assessing	
  validity	
  (Cronbach	
  et	
  al,	
  1972),	
  and	
  recommended	
  statistical	
  tests	
  include	
  the	
  
median	
  Mann-­‐Whitney	
  test,	
  parametric	
  analysis	
  (Agresti,	
  2007),	
  and	
  computation	
  of	
  the	
  Cronback's	
  
α or	
   the	
  Kuder-­‐Richardson	
  reliability	
   index	
   (Cronbach,	
  1951;	
  Kuder	
  and	
  Richardson,	
  1937).	
  For	
  our	
  
survey	
  data,	
  we	
  will	
  have	
  two	
  years	
  of	
  student	
  data	
  -­‐	
  comprising	
  about	
  170	
  students	
  each	
  year,	
  and	
  
have	
   administered	
   the	
   survey	
   before	
   and	
   after	
   the	
   first	
   semester	
   of	
   Foundations	
   of	
   Science.	
   The	
  
ability	
  to	
  compare	
  gains	
  in	
  motivation	
  between	
  the	
  first	
  year	
  of	
  Foundations	
  of	
  Science	
  (without	
  the	
  
Grand	
   Challenge	
   project)	
   and	
   the	
   second	
   year	
   (with	
   the	
   Grand	
   Challenge	
   project)	
   allows	
   us	
   to	
  
measure	
  the	
  efficacy	
  of	
  the	
  new	
  format	
  in	
  increasing	
  student	
  motivation	
  and	
  engagement.	
  
	
  

Focus	
  Group	
  Interviews	
  
	
  
To	
   improve	
   the	
   quality	
   of	
   our	
   study,	
   we	
  would	
   like	
   to	
   use	
  well-­‐designed	
   focus	
   groups	
  which	
  will	
  
enable	
   us	
   to	
   determine	
   more	
   about	
   the	
   classroom	
   ethnography,	
   phenomenology,	
   and	
  
implementation	
  of	
  the	
  course	
   in	
  all	
  of	
   its	
  complexity.	
   	
  The	
  focus	
  groups	
  will	
   target	
  small	
  groups	
  of	
  
students	
   from	
   each	
   of	
   the	
   eight	
   sections,	
   and	
   will	
   adopt	
   the	
   standardized	
   open-­‐ended	
   interview	
  
format,	
  which	
  will	
  include	
  a	
  set	
  of	
  identical	
  questions	
  for	
  each	
  group,	
  with	
  some	
  additional	
  questions	
  
can	
  be	
  posed	
  by	
   the	
   interviewer	
   (Turner,	
  2010).	
  The	
   selection	
  of	
   candidates	
   for	
   interviews	
  will	
  be	
  
done	
  with	
  critical	
  case	
  sampling	
  (Creswell,	
  2007)	
  to	
  enable	
  1-­‐2	
  students	
  from	
  each	
  section	
  to	
  provide	
  
qualitative	
  information	
  on	
  the	
  effectiveness	
  of	
  the	
  pedagogy,	
  course	
  design	
  and	
  assessments	
  for	
  the	
  
section.	
   The	
   questions	
   will	
   be	
   created	
   to	
   be	
   as	
   neutral	
   as	
   possible,	
   open-­‐ended,	
   and	
   will	
   be	
  
composed	
  carefully	
  to	
  avoid	
  forcing	
  answers	
  from	
  the	
  students	
  (Turner,	
  2010).	
  Upon	
  receipt	
  of	
  the	
  
interviews,	
  the	
  qualitative	
  data	
  will	
  be	
  coded	
  according	
  to	
  categories	
  of	
  responses	
  in	
  general	
  areas,	
  
and	
  trends	
  across	
  and	
  between	
  sections	
  of	
  FOS	
  will	
  be	
  determined	
  from	
  the	
  interview	
  responses.	
  	
  
	
  

Portfolio	
  Review	
  
	
  
In	
   addition	
   to	
   the	
   survey	
  data,	
   and	
   interviews,	
   each	
  of	
   the	
   eight	
   faculty	
   in	
   the	
   teaching	
   team	
  has	
  
prepared	
  a	
   teaching	
  portfolio	
   that	
  will	
   enable	
  a	
   thorough	
   implementation	
  analysis	
   to	
  assess	
   if	
   the	
  
instructors	
   have	
   aligned	
   learning	
   outcomes	
   and	
   assessments,	
   and	
   whether	
   the	
   student	
   work	
  
provides	
  evidence	
  of	
  those	
  outcomes.	
  Teaching	
  portfolios	
  as	
  a	
  way	
  of	
  “making	
  teaching	
  visible”	
  has	
  
become	
   a	
   standard	
   practice	
   within	
   US	
   and	
   Asian	
   universities	
   and	
   helps	
   create	
   a	
   culture	
   of	
  
Scholarship	
   in	
  Teaching	
  and	
  Learning	
  (Bernstein,	
  D.,	
  2008;	
  Bernstein	
  and	
  Bass,	
  2008,	
  Bernstein,	
  D.,	
  
2002).	
  	
  The	
  teaching	
  portfolios	
  include	
  a	
  sampling	
  of	
  section	
  syllabi,	
  assignments,	
  samples	
  of	
  student	
  
work,	
  and	
  a	
   short	
   reflective	
  writing	
  by	
   the	
   faculty	
  member	
  describing	
   their	
   learning	
  objectives	
   for	
  
the	
  course,	
  ways	
  in	
  which	
  they	
  assessed	
  student	
  learning,	
  and	
  modifications	
  made	
  to	
  their	
  teaching	
  
on	
  reflection	
  and	
  study	
  of	
  student	
  learning	
  and	
  feedback.	
  	
  The	
  design	
  for	
  the	
  portfolio	
  highlights	
  and	
  
validates	
  student	
  learning	
  (Trigwell,	
  2010),	
  and	
  provides	
  a	
  greater	
  depth	
  of	
  insight	
  into	
  teaching	
  than	
  
what	
  can	
  be	
  discerned	
  from	
  student	
  or	
  faculty	
  letters	
  alone.	
  	
  
	
  

Study	
  	
  Implications	
  and	
  Broader	
  Impacts	
  
	
  
Our	
   study	
   will	
   provide	
   a	
   valuable	
   and	
   thorough	
   review	
   of	
   a	
   crucial	
   course	
   within	
   the	
   Yale-­‐NUS	
  
Common	
  curriculum.	
  As	
  this	
  course	
  represents	
  the	
  culmination	
  of	
  the	
  science	
  common	
  curriculum	
  at	
  
Yale-­‐NUS	
  College,	
  its	
  role	
  in	
  shaping	
  student	
  facility,	
  interest	
  and	
  competence	
  in	
  science	
  is	
  crucial	
  for	
  
their	
   development	
   as	
   informed	
   citizens	
   and	
   potential	
   leaders.	
   Providing	
   a	
   thorough,	
   research-­‐
validated	
  assessment	
  program	
  for	
  FOS	
  will	
  enable	
  Yale-­‐NUS	
  College	
  to	
  have	
  an	
  accurate	
  portrayal	
  of	
  



the	
   course	
   and	
   its	
   effectiveness,	
   to	
   enable	
   an	
   informed	
   decision	
   on	
  whether	
   the	
   FOS	
   course	
   can	
  
provide	
  a	
  template	
  for	
  other	
  science	
  courses	
  of	
   its	
  kind.	
   If	
   the	
  course	
   is	
   found	
  to	
  be	
  effective,	
   it	
   is	
  
likely	
  that	
  the	
  entire	
  Yale-­‐NUS	
  science	
  curriculum	
  will	
  adopt	
  this	
  format	
  for	
  the	
  second	
  year	
  courses	
  
for	
   both	
   science	
  majors	
   and	
   non-­‐majors.	
   By	
   including	
  multiple	
   dimensions	
   of	
   data	
   in	
   the	
   study	
   -­‐	
  
survey	
  data,	
  interview	
  and	
  focus	
  group	
  data,	
  portfolio	
  analysis,	
  and	
  reflective	
  writings	
  from	
  faculty,	
  it	
  
will	
  be	
  possible	
  to	
  have	
  a	
  complete	
  picture	
  of	
  the	
  course	
  as	
  implemented.	
  This	
  picture	
  will	
  not	
  only	
  
enable	
   the	
   Yale-­‐NUS	
   faculty	
   and	
   leadership	
   to	
   establish	
   whether	
   the	
   course	
   is	
   effective,	
   but	
   to	
  
provide	
  more	
  detailed	
  and	
  nuanced	
  information	
  on	
  how	
  the	
  course	
  has	
  reached	
  different	
  categories	
  
of	
  students,	
  whether	
  the	
  Grand	
  Challenge	
  problem	
  has	
  enhanced	
  student	
  motivation	
  and	
  learning,	
  
and	
  to	
  what	
  degree	
  the	
  assessment	
  framework	
  is	
  consistent	
  and	
  authentic.	
  	
  
	
  
As	
   one	
   course	
   among	
   many	
   of	
   its	
   kind,	
   the	
   FOS	
   course	
   provides	
   a	
   potential	
   model	
   for	
  
interdisciplinary	
  science	
  education	
  that	
  can	
  be	
  adopted	
  widely.	
  Since	
  it	
  does	
  not	
  require	
  instructors	
  
to	
   negotiate	
   disciplinary	
   content	
   into	
   a	
   fully	
   integrated	
   and	
   homogenous	
   curriculum,	
   but	
   instead	
  
allows	
  for	
  disciplinary	
  diversity	
  in	
  the	
  sections	
  that	
  are	
  taught,	
  FOS	
  would	
  be	
  a	
  model	
  much	
  easier	
  to	
  
implement	
   at	
   other	
   institutions.	
   The	
   interdisciplinarity	
   arises	
   from	
   the	
   connections	
   between	
   the	
  
disciplinary	
  case	
  studies	
  and	
  from	
  the	
  Grand	
  Challenge	
  problems.	
  Our	
  study	
  can	
  help	
  assess	
  whether	
  
the	
   students	
   have	
   benefitted	
   from	
   the	
   interdiscplinary	
   nature	
   of	
   the	
   course,	
   and	
   if	
   so,	
   the	
   FOS	
  
course	
  could	
  be	
  a	
  template	
  for	
  providing	
   interdisciplinary	
  science	
   in	
  a	
  wide	
  range	
  of	
  contexts.	
  One	
  
additional	
  feature	
  FOS	
   is	
  that	
   it	
   is	
  a	
  multi-­‐instructor	
  team-­‐taught	
  course,	
  and	
  our	
  conclusions	
  from	
  
the	
  study	
  will	
  help	
  guide	
  other	
   institutions	
  who	
  are	
  working	
  to	
  manage	
  such	
  team-­‐taught	
  courses.	
  
The	
  use	
  of	
   this	
  kind	
  of	
  study,	
  with	
  portfolio	
  analysis,	
  consistent	
  assessment	
  across	
  all	
  sections	
  and	
  
review	
  of	
  student	
  outcomes	
  and	
  motivations,	
  will	
  also	
  be	
  a	
  model	
  for	
  educators	
  in	
  other	
  institutions	
  
who	
  are	
  working	
   to	
  help	
   implement	
  more	
   thorough	
  and	
  data-­‐intensive	
   analysis	
   of	
   their	
   curricular	
  
offerings.	
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SoTL Leadership ePortfolio Assignment # 5 

Research Project in SoTL: Assessment of Teaching and Learning in the Multi-
Disciplinary STEM curriculum - Power Point Presentation 

Attached	
  is	
  a	
  condensation	
  of	
  the	
  Capstone	
  project	
  slides	
  presented	
  during	
  the	
  meeting	
  at	
  NUS.	
  
These	
  slides	
  have	
  also	
  been	
  uploaded	
  to	
  the	
  Course	
  Blackboard	
  site.	
  	
  
	
  
Authentic	
  Assessment	
  in	
  the	
  Multi-­‐Disciplinary	
  Team-­‐Taught	
  Yale-­‐NUS	
  Foundations	
  of	
  Science	
  
Course	
  	
  
	
  
	
  Bryan	
  Penprase,	
  Yale-­‐NUS	
  College	
  
	
  
Abstract	
  	
  
	
  

Yale-­‐NUS	
   College	
   has	
   launched	
   a	
   signature	
   Common	
   Curriculum,	
   which	
   includes	
   a	
   year-­‐long	
  
interdisciplinary	
  science	
  course	
  known	
  as	
  Foundations	
  of	
  Science	
  (FOS)	
  taught	
  by	
  a	
  team	
  of	
  8	
  faculty	
  
to	
   170	
   students.	
   Within	
   the	
   course,	
   instructors	
   are	
   using	
   authentic	
   assessment,	
   and	
   offering	
  
formative	
  and	
  summative	
  assessments	
  to	
  help	
  students	
  apply	
  disciplinary	
  science	
  knowledge	
  to	
  real-­‐
world	
  contexts,	
  most	
  notably	
  in	
  a	
  three	
  week	
  “Grand	
  Challenge”	
  exercise.	
  We	
  propose	
  to	
  conduct	
  a	
  
research	
   project	
   to	
   answer	
   the	
   question	
   –	
   “What	
   are	
   Strategic	
   ways	
   to	
   enhance	
   the	
   authentic	
  
assessment	
  of	
  student	
  learning	
  in	
  the	
  multi-­‐disciplinary	
  FOS	
  course?”	
  Using	
  Action	
  Research,	
  we	
  hope	
  
to	
   employ	
   a	
   mixed	
   methods	
   approach	
   to	
   combine	
   survey	
   data	
   on	
   science	
   motivation	
   with	
  
standardized	
  open-­‐ended	
  interviews	
  in	
  focus	
  groups	
  to	
  assess	
  the	
  quality	
  and	
  consistency	
  of	
  learning	
  
outcomes	
   across	
   sections,	
   and	
   the	
  ways	
   in	
  which	
   formative	
   and	
   summative	
   assessments	
   promote	
  
student	
  learning	
  and	
  embody	
  authentic	
  assessment.	
  Survey	
  data	
  will	
  probe	
  student	
  attitudes	
  about	
  
science,	
   and	
   will	
   be	
   compared	
   between	
   two	
   years	
   of	
   offering	
   FOS	
   with	
   and	
   without	
   the	
   Grand	
  
Challenge	
  projects.	
  The	
  student	
  attitudes	
  about	
  science,	
  and	
  how	
  students	
  conceptualize	
  themselves	
  
as	
  scientists	
  will	
  be	
  measured	
  both	
  with	
  this	
  survey	
  and	
  with	
  focus	
  groups.	
  Additional	
  information	
  on	
  
the	
  degree	
  to	
  which	
  assessments	
  and	
  learning	
  outcomes	
  are	
  explicit	
  and	
  consistent	
  within	
  and	
  across	
  
sections	
  will	
  be	
  determined	
  from	
  the	
  focus	
  group	
  interviews.	
  A	
  final	
  stage	
  of	
  document	
  analysis	
  and	
  
interviews	
   with	
   additional	
   stakeholders	
   (Professors	
   and	
   administrators)	
   will	
   enable	
   a	
   complete	
  
picture	
  of	
   the	
  FOS	
  course,	
  and	
  provide	
  a	
   research-­‐informed	
  basis	
   for	
   revisions	
   to	
   the	
  course	
  during	
  
the	
  2017-­‐18	
  academic	
  year.	
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Yale-NUS College Foundations of Science (FOS) 
 
• large part of signature Yale-NUS Core curriculum 
• interdisciplinary exploration of science with experiential learning team-

taught course: 8 faculty + 170 students  
• 3-week “Grand Challenge” problem with poster presentation 
• Assessment of course needed to guide curriculum refinement and 

disseminate educational model 
• portfolios + authentic assessment employed by teaching team 
 
References 
(Garsden, et al, 2013; Kolb and Kolb, 2005; Ashford-Rowe, et al, 2014; 
Svinicki, 2004 ; Bernstein, D., 2008; Bernstein and Bass, 2008, Bernstein, D., 
2002 ) 

Yale-NUS Curriculum 
Common Curriculum at Yale – NUS College – Overview 

Astronomy: 
Habitable 

Planets

Foundations of Science - Class Structure : Each semester students take two 5-week 
“Disciplinary Case Studies” and then come together for a three week interdisciplinary 
“Grand Challenge” 

Semester 1 

Semester 2 

Case I  
(5 weeks) 
Case II 
(5 weeks) 

“Grand 
Challenge” 
(3 weeks) 

Track 1: “Evolution” - How do Natural Systems 
Arise from Evolution and Physical Laws? 

Track 2: “Revolution” - How do Disruptive Technologies 
and Disasters Affect Civilization?  

Biology: 
Novel Traits

Ecology: 
Biogeography

Chemistry: 
Chemistry of 

Life

Astronomy: 
Habitable 

Planets

Biology: 
Novel Traits

Chemistry: 
Chemistry of 

Life

Ecology: 
Biogeography

How will organisms and communities adapt to the 
anthropocene? 

Astronomy: 
Habitable 

Planets

Biology: 
Novel Traits

Ecology: 
Biogeography

Chemistry: 
Chemistry of 

Life

Astronomy: 
Habitable 

Planets

Biology: 
Novel Traits

Chemistry: 
Chemistry of 

Life

Ecology: 
Biogeography

Earth Science: 
Earthquakes

CS: Wearable 
Computers

Physics: 
Nanotech 

Physics: The 
Silicon 

Revolution

How can New Technologies Improve Resistance to 
Disasters? 

Physics: 
Nanotech 

Physics: 
Nanotechnolo

gy

CS: Wearable 
Computers

Earth Science: 
Earthquakes

Physics/Eng: 
Fossil Fuels

Bio/CS: 
Networks

Physics: 
Nanotech

Physics: The 
Silicon 

Revolution

Physics: 
Nanotech 

CS: Wearable 
Computers

Earth Science: 
Earthquakes

Track 2: “Revolution” - How do Disruptive 
Technologies and Disasters Affect Civilization? 

Track 1: “Evolution” - How do Natural Systems
Arise from Evolution and Physical Laws?

Case I  
(5 weeks) 

Case II 
(5 weeks) 

“Grand 
Challenge” 
(3 weeks) 

How will organisms and communities adapt to the 
anthropocene? 

How can New Technologies Improve Resistance to 
Disasters? 

Physics: The 
Silicon 

Revolution

Physics: The 
Silicon 

Revolution

Student%1% Student%2%

LITERATURE!REVIEW!

FOS$Research,Informed$Course$Elements$
!
• Scien'fic!Teaching!and!Backward!Course!Design!
• Ac've!Learning!employed!using!Construc've!Alignment!
• 3@week!“Grand!Challenge”!problem;!authen'c!assessment!
• Forma've!Assessment:!suite!of!ac'vi'es!to!create!
“growth!frame”!for!promo'ng!student!achievement!!
• Summa've!Assessment:!final!project!of!student’s!design!
to!promote!higher@order!learning!taxonomies!and!
authen'c!learning!in!an!Asian!context.!

!
References%
(Handelsman,%et%al%2007;%Biggs%and%Tang,%2011,%O’Keefe,%2013;%Dweck,%1999,%Dweck%and%
LeggeI,%1988;%%HaKe%and%Timperly,%2007;%Black%et%al%2004,%Black%and%William,%2009;%
Snooks,%2005;%Krathwohl,%2002;%Chng,%2015)%
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SoEL%Research%Ques/on%

Ques%on:)What)are)strategic)ways)to)enhance)the)authen%c)
assessment)of)student)learning)in)the)mul%8disciplinary)FOS)course?))
)
Subques%ons:))
)
• how$can$we$improve$the$quality$and$consistency$of$forma6ve$and$
summa6ve$assessment$processes$within$and$across$sec6ons?$
$
• to$what$extent$are$learning$outcomes$explicit$and$consistent$within$and$
across$sec6ons?$$$
$
• to$what$extent$are$authen6c$assessment$prac6ces$disseminated$within$
and$across$sec6ons?$
$
• how$can$we$improve$student$learning$among$diverse$students$in$FOS?$
$

Immersive Naturalism Trip to Langkawi Island - with field studies 
in biology, geology, astronomy and mathematics 

Founda-ons%of%Science%%

Research%Methodology:))Ac%on)Research)
)
Mixed%Methods%Include:%
• Survey$on$Assessment$and$self>concept$via$Course$Evals$+$Science$Mo6va6on$
Ques6onnaire$$

• Standardized$open>ended$interviews$in$focus$groups$using$cri6cal$case$sampling$
• Implementa6on$and$Document$Analysis$via$porGolios$featuring$syllabi,$assessments,$and$
student$work$$

$
Research%Design%and%Sampling%
• Surveys$at$end$of$semester$with$added$ques6ons$about$authen6c$assessment$
• Science$Mo6va6on$Survey$>$pre$and$post$>$170$students$for$two$years$(340$total)$
• Interviews$in$focus$groups$>$2>3$students$from$each$of$8$sec6ons$in$two$years$(total$24x2$
students)$$$

• Interviews$from$other$stakeholders$>$8>16$faculty,$and$key$administrators$$
• PorGolios$from$8$sec6ons$with$mid>course,$final$project$assessments$+$examples$of$
student$work$with$A$and$B$grades$

$
References%
(McNiff%2004,%Elliot,%1991;%Glynn,%et%al,%2011,%Glynn,%2007;%Lovelace%and%Brickman,%2013,%Turner,%2010,%Creswell,%2007,%Bernstein,%2008,%
Bernstein%and%Bass,%2008,%Bernstein%2002,%Turner,%2010%)%

SoTL%Leadership%Methodology%and%Methods%
Timeline%for%Study%and%Data%Acquisi-on%

2014%implementa-on%
Grand%Challenge%added%%

2015%implementa-on%

2016%implementa-on%

Study%completed;%course%revised%

postWcourse%%
aXtude/mo-va-on%survey%(170%students)%preWcourse%%

aXtude/mo-va-on%survey%(170%students)%

preWcourse%%
aXtude/mo-va-on%survey%(170%students)%

Student%focus%%
group%interviews%(35%students)%

Faculty/admin%focus%%
group%interviews%(35%students)%

Document%analysis%%
and%coding%of%qualita-ve%data%

now%

Predicted%Study%Impact%and%Limita/on%
Impacts:)Assessment)of)Student)Learning)to)enable)op%mis%on)of)
learning)and)dissemina%on)of)educa%onal)model)
)
• research$program$will$become$model$for$assessing$and$improving$
other$Yale>NUS$courses$
• can$validate$authen6c$learning$and$experien6al$learning$to$mo6vate$
non>science$majors$$
• can$differen6ate$learning$and$mo6va6on$gains$across$student$
demographics$
• part$of$new$wave$of$interdisciplinary$science$courses$world>wide$to$
enable$students$to$solve$complex,$real>world$challenges$
)
Limita%ons:))
)
• survey$ques6ons$limited$in$complexity$
• focus$group$size$is$limited$by$6me$and$personnel$
• student$work$analyzed$within$limited$sample$size$
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