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Game-­‐enhanced	
  STEM	
  ~	
  Project	
  Goals	
  
•  Create	
  and	
  assess	
  the	
  efficacy	
  of	
  video	
  games	
  that	
  integrate	
  

STEM	
  content	
  
•  Apply	
  innovaLve	
  evidence-­‐based	
  instrucLon	
  and	
  assessment	
  

principles	
  to	
  video	
  games	
  	
  
•  Increase	
  accessibility	
  of	
  middle	
  school	
  STEM	
  curricular	
  materials	
  

for	
  ALL	
  students	
  
•  Reduce	
  the	
  STEM	
  achievement	
  gap	
  by	
  improving	
  learning	
  

outcomes	
  for	
  students	
  with	
  disabiliLes	
  and	
  those	
  who	
  are	
  at-­‐
risk	
  of	
  learning	
  failure	
  

•  Incorporate	
  Universal	
  Design	
  for	
  Learning	
  and	
  progress	
  
monitoring	
  tools	
  in	
  the	
  games	
  

•  Strategically	
  target	
  tradiLonally	
  marginalized	
  students	
  during	
  
middle	
  school,	
  before	
  they	
  become	
  disenfranchised	
  with	
  STEM	
  



What’s	
  So	
  Difficult	
  About	
  STEM?	
  

•  More	
  new	
  vocabulary	
  than	
  in	
  
the	
  first	
  year	
  of	
  a	
  high	
  school	
  
foreign	
  language	
  course	
  

•  Complex	
  expository	
  texts	
  that	
  
limit	
  of	
  poor	
  readers’	
  
comprehension	
  (Lee	
  &	
  Erdogan,	
  2007)	
  

•  New	
  informaLon	
  is	
  covered	
  at	
  
a	
  rapid	
  pace	
  

•  Increased	
  emphasis	
  on	
  using	
  
the	
  scienLfic	
  method	
  to	
  solve	
  
complex	
  mulL-­‐step	
  problems	
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Outcome	
  -­‐	
  Only	
  5%	
  of	
  SWD	
  enter	
  the	
  STEM	
  workforce	
  (Leddy,	
  2010)	
  
	
  



Students	
  with	
  Learning	
  DisabiliLes	
  	
  

•  Have	
  difficulty	
  acLvaLng	
  prior	
  knowledge	
  
•  Are	
  reluctant	
  to	
  pose	
  quesLons	
  or	
  hypotheses	
  
•  Are	
  less	
  likely	
  to	
  have	
  a	
  systemaLc	
  plan	
  to	
  
approach	
  problems	
  

•  Struggle	
  to	
  implement	
  instructor	
  feedback	
  
•  Have	
  difficulty	
  making	
  inferences	
  during	
  
inducLve	
  and	
  deducLve	
  reasoning	
  processes	
  

•  Seldom	
  transfer	
  knowledge	
  across	
  contexts	
  
•  Are	
  less	
  likely	
  to	
  be	
  aware	
  of	
  	
  
	
  	
  	
  	
  their	
  metacogniLve	
  processes	
  





Who	
  Plays	
  Video	
  Games?	
  
•  99%	
  of	
  boys	
  &	
  94%	
  of	
  girls	
  play	
  video	
  games	
  
•  54%	
  play	
  daily	
  (500k	
  middle	
  school	
  students	
  with	
  LD)	
  
•  34%	
  of	
  boys	
  &	
  18%	
  of	
  girls	
  play	
  for	
  >2	
  hours	
  daily	
  
	
  
Where	
  do	
  they	
  play?	
  
•  86%	
  on	
  consoles	
  
•  73%	
  on	
  computers	
  
•  60%	
  on	
  portable	
  devices	
  
•  48%	
  on	
  cell	
  phones	
  
	
  

Lenhart,	
  A.	
  (2008)	
  Teens,	
  video	
  games	
  and	
  civics.	
  Pew	
  Internet	
  and	
  American	
  Life	
  Project	
  
h*p://www.pewinternet.org/Reports/2008/Teens-­‐Video-­‐Games-­‐and-­‐Civics.aspx	
  	
  

Note:	
  error	
  +/-­‐	
  3	
  points	
  
	
  



“Serious”	
  Video	
  Games	
  
EducaLonal	
  video	
  games	
  represent	
  the	
  next	
  generaLon	
  

of	
  technology-­‐enhanced	
  instrucLonal	
  materials	
  	
  
	
  

Students	
  can	
  become	
  immersed	
  in	
  fun	
  and	
  engaging	
  standards-­‐based	
  
environments	
  (e.g.,	
  inside	
  the	
  human	
  body)	
  that	
  are	
  unobtainable	
  in	
  

tradiLonal	
  classrooms	
  (U.S.	
  Department	
  of	
  EducaLon,	
  2010)	
  	
  
	
  

Play	
  some	
  serious	
  games	
  at	
  h*p://www.filamentgames.com/projects	
  
	
  



GILS	
  Trailers	
  



Preliminary	
  Research	
  on	
  Gaming	
  and	
  SWD	
  

•  Can	
  be	
  more	
  effecLve	
  than	
  tradiLonal	
  
instrucLon	
  (Twyman	
  &	
  Tindal,	
  2006)	
  

•  Increases	
  moLvaLon	
  (Charlton,	
  Williams,	
  &	
  McLaughlin,	
  2005)	
  

•  Promotes	
  self-­‐esteem	
  (Harris	
  &	
  Rea,	
  2009)	
  
•  Improves	
  skills	
  for	
  extended	
  periods	
  aqer	
  the	
  
game	
  ends	
  (Beaumont	
  &	
  Sofronoff,	
  2008)	
  

•  Accelerates	
  learning	
  (Charlton	
  et	
  al.,	
  2005)	
  



Universal	
  Design	
  for	
  Learning	
  (UDL):	
  	
  
A	
  framework	
  for	
  accessible	
  videogame	
  design	
  
	
   	
   	
   	
  	
  

•  Provide	
  scienLfic	
  data	
  using	
  mulLple	
  means	
  of	
  
representaLon	
  (e.g.,	
  pictorial	
  representaLons,	
  tables,	
  
simulaLons,	
  etc.)	
  

	
  
•  Provide	
  opLons	
  for	
  students	
  to	
  demonstrate	
  their	
  
comprehension	
  of	
  concepts	
  and	
  phenomena	
  	
  

	
  	
  	
  	
  (i.e.,	
  mulLple	
  forms	
  of	
  assessments)	
  	
  
	
  
•  Allow	
  students	
  to	
  engage	
  with	
  the	
  materials	
  in	
  a	
  
diverse	
  manner	
  that	
  fosters	
  their	
  moLvaLon	
  and	
  
unique	
  learning	
  needs	
  	
  	
  

	
  
Center	
  for	
  Applied	
  Special	
  Technology	
  (2009)	
  

h*p://www.cast.org/	
  
	
  	
  



InstrucLonal	
  Supports	
  in	
  the	
  Games	
  
•  Clear	
  goals	
  and	
  objecLves	
  
•  Text-­‐to	
  speech	
  
•  Virtual	
  dicLonary	
  	
  
•  Expert	
  modeling	
  via	
  	
  

	
  a	
  virtual	
  mentor	
  
•  Extended	
  learning	
  and	
  pracLce	
  opportuniLes	
  
•  Immediate	
  correcLve	
  feedback	
  
•  Advanced	
  organizers	
  to	
  assist	
  with	
  planning	
  and	
  
problem	
  solving	
  

•  CollaboraLve	
  grouping	
  &	
  peer	
  tutoring	
  opLons	
  
•  IteraLve	
  learning	
  cycles	
  ~	
  each	
  level	
  builds	
  on	
  and	
  
reiterates	
  previously	
  learned	
  knowledge	
  and	
  skills	
  





UDL	
  in	
  a	
  Game	
  Environment	
  



Another	
  UDL	
  Game	
  Example	
  



Game-­‐enhanced	
  STEM	
  Project	
  Timeline	
  

Sept	
  2010	
  –	
  
June	
  2011	
   •  Proof	
  of	
  concept	
  

July	
  2011	
  –	
  
March	
  2013	
  

•  Development	
  &	
  InnovaLon	
  (10	
  games,	
  PD,	
  
assessment	
  measures,	
  data	
  collecLon	
  
system)	
  	
  

Sept	
  2013	
  –	
  
August	
  2015	
  

•  SystemaLc	
  
implementaLon,	
  
Efficacy	
  Study	
  

2011	
  ~	
  Grand	
  Prize	
  Developer	
  Award	
  Winner	
  
U.S.	
  Department	
  of	
  Educa@on	
  	
  



Research	
  Overview	
  



2010	
  –	
  2013	
  Research	
  Goals	
  

•  Gather	
  playability,	
  usability,	
  and	
  feasibility	
  data	
  on	
  
beta	
  builds	
  of	
  all	
  the	
  games	
  

•  Develop	
  and	
  pilot	
  test	
  evaluaLon	
  instruments	
  (e.g.,	
  
demographic,	
  autude	
  and	
  moLvaLon	
  surveys,	
  paper	
  
and	
  pencil	
  assessments	
  of	
  students’	
  knowledge	
  and	
  
learning)	
  

•  Pilot	
  test	
  data	
  collecLon	
  mechanisms	
  (e.g.,	
  Lming	
  and	
  
means	
  of	
  deploying	
  surveys	
  and	
  assessments;	
  training	
  
and	
  support	
  of	
  teachers;	
  the	
  design,	
  implementaLon,	
  
and	
  reporLng	
  of	
  game	
  play	
  data)	
  

•  Test	
  methods	
  of	
  integraLng	
  and	
  analyzing	
  tradiLonal	
  
survey	
  and	
  assessment	
  data	
  with	
  game	
  play	
  data	
  



What	
  Teachers	
  Told	
  Us	
  

•  All	
  teachers	
  reported	
  that	
  their	
  students	
  
were	
  excited	
  and	
  moLvated	
  to	
  play	
  the	
  
game	
  and	
  parLcipate	
  in	
  the	
  research	
  
process.	
  

•  Teachers	
  appreciated	
  learning	
  scaffolds	
  in	
  
the	
  game	
  (i.e.,	
  highlighLng	
  vocabulary	
  
words,	
  links	
  to	
  the	
  pages	
  in	
  the	
  textbook,	
  
and	
  the	
  visual	
  dicLonary).	
  	
  

•  The	
  games	
  spurred	
  unanLcipated	
  
discussions	
  about	
  the	
  content	
  and	
  scienLfic	
  
method,	
  which	
  led	
  to	
  increased	
  learning	
  by	
  
the	
  enLre	
  class.	
  	
  



What	
  Students	
  Told	
  Us	
  

•  The	
  vast	
  majority	
  of	
  students	
  
reported	
  that	
  the	
  game	
  enhanced	
  
the	
  science	
  curriculum	
  and	
  made	
  
learning	
  about	
  science	
  more	
  fun.	
  	
  

•  A	
  majority	
  of	
  students	
  praised	
  the	
  
ability	
  to	
  collaborate	
  during	
  the	
  
game	
  and	
  asked	
  for	
  more	
  
opportuniLes	
  to	
  collaborate	
  
physically	
  and	
  in	
  online	
  in	
  teams	
  of	
  2	
  
–	
  4	
  students.	
  

•  With	
  few	
  excepLons,	
  all	
  students	
  
said	
  they	
  would	
  rather	
  play	
  
videogames	
  than	
  take	
  a	
  tradiLonal	
  
paper	
  and	
  pencil	
  test.	
  	
  



DistribuLon	
  of	
  Students	
  on	
  an	
  IEP	
  	
  
by	
  Reading	
  Ability	
  Level	
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I	
  like	
  Science	
  

Pre-­‐intervenLon	
   Post-­‐intervenLon	
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UDL-­‐based	
  Games	
  Address	
  	
  
Problems	
  with	
  TradiLonal	
  Assessments	
  

•  Print-­‐based	
  assessments	
  measure	
  decoding	
  ability,	
  wriLng	
  
ability,	
  reading	
  fluency,	
  and	
  reading	
  comprehension	
  before	
  
they	
  measure	
  subject-­‐specific	
  content	
  knowledge	
  

	
  
•  Students’	
  performance	
  on	
  print-­‐based	
  assessments	
  can	
  cause	
  

teachers	
  to	
  purport	
  inaccurate	
  inferences	
  regarding	
  students’	
  
learning	
  (Russell	
  &	
  Haney,	
  2000)	
  

	
  

•  TradiLonal	
  assessments	
  oqen	
  focus	
  on	
  outcomes	
  (e.g.,	
  #	
  of	
  
terms	
  recalled)	
  without	
  considering	
  process	
  



What	
  Teachers	
  Told	
  us	
  About	
  Games	
  &	
  Assessment	
  

•  Based	
  on	
  discussions	
  with	
  students,	
  
teachers	
  reported	
  the	
  games	
  helped	
  a	
  
majority	
  of	
  students,	
  especially	
  students	
  
at	
  the	
  margins,	
  learn	
  complex	
  concepts	
  
and	
  vocabulary.	
  

•  The	
  paper	
  and	
  pencil	
  test	
  was	
  difficult	
  for	
  
struggling	
  readers	
  and	
  was	
  not	
  an	
  
accurate	
  indicaLon	
  of	
  what	
  students	
  
actually	
  knew	
  about	
  the	
  content.	
  

•  Gameplay	
  staLsLcs	
  (user	
  analyLcs)	
  might	
  
be	
  a	
  be*er	
  indicator	
  of	
  students’	
  actual	
  
knowledge	
  and	
  skills.	
  

	
  



Using	
  Games	
  as	
  an	
  Assessment	
  

•  Develop	
  a	
  porxolio	
  of	
  assessment	
  opLons	
  or	
  
choices	
  for	
  students	
  

•  Map	
  gameplay	
  to	
  specific	
  learning	
  objecLves	
  
•  Record	
  students’	
  game	
  progress	
  (e.g.,	
  screen	
  
captures	
  or	
  digital	
  photo’s)	
  

•  Be	
  sure	
  to	
  engage	
  students	
  in	
  a	
  dialogue	
  about	
  
their	
  gameplay	
  

•  Develop	
  transfer	
  tasks	
  that	
  challenge	
  students	
  to	
  
connect	
  learning	
  objecLves,	
  gameplay,	
  and	
  real	
  
problems	
  they	
  experience	
  in	
  their	
  community	
  





Teaching	
  with	
  games	
  
•  Games	
  should	
  not	
  and	
  cannot	
  replace	
  the	
  role	
  of	
  an	
  effecLve	
  

teacher!	
  
	
  
•  Start	
  class	
  with	
  a	
  discussion	
  about	
  students’	
  goals	
  and	
  

learning	
  objecLves	
  while	
  playing	
  the	
  game	
  
	
  
•  Games	
  provide	
  opportuniLes	
  for	
  teachers	
  to	
  conduct	
  Lered	
  

intervenLons	
  while	
  some	
  students	
  play	
  the	
  games	
  	
  
	
  
•  Highlight	
  “teachable	
  moments”	
  	
  
	
  	
  	
  	
  	
  in	
  the	
  game	
  	
  
	
  
•  Conclude	
  each	
  class	
  with	
  a	
  discussion	
  	
  
	
  	
  	
  	
  	
  about	
  what	
  happened,	
  what	
  students’	
  	
  
	
  	
  	
  	
  	
  learned,	
  and	
  what	
  the	
  plan	
  is	
  for	
  next	
  Lme	
  



QuesLons	
  /	
  Discussion	
  

•  What	
  teachers	
  say	
  about	
  using	
  video	
  games	
  in	
  
the	
  classroom	
  

•  University	
  research	
  partnerships	
  with	
  private	
  
industry	
  

•  Scalable	
  implementaLon	
  with	
  fidelity	
  
•  Measures,	
  construct	
  validity,	
  reliability	
  
•  Data	
  collecLon	
  and	
  analysis	
  
•  Project	
  management	
  
•  Budgets	
  and	
  Lmelines	
  



On	
  the	
  Web	
  

Games	
  
•  FILAMENT	
  GAMES	
  
•  Wolfquest	
  
•  Selene:	
  A	
  lunar	
  construcLon	
  

games	
  
•  Gamestar	
  Mechanic	
  
•  Surge	
  
•  BrainPOP	
  Game	
  up	
  
•  Whyville	
  
•  ImmuneA*ack	
  
•  Urban	
  Science	
  
•  Learning	
  Games	
  Network	
  

Other	
  Resources	
  &	
  Simula@ons	
  
•  NBC	
  Learn	
  
•  Real	
  Time	
  Physics	
  
•  Animal	
  Diversity	
  Web	
  
•  BIOkids	
  
•  PhET	
  SimulaLons	
  
•  Physlets	
  
•  InteracLve	
  Physics	
  
•  STELLA	
  
•  SimScienLsts	
  
•  StarLogo	
  
•  Froguts	
  
	
  



Other	
  Resources	
  on	
  the	
  Web	
  



Contact	
  Us!	
  
•  Ma*	
  Marino	
  ma*hewmarino@wsu.edu	
  
•  Connie	
  Beecher	
  cbeecher@wsu.edu	
  
•  Kimberly	
  Coy	
  kimberly.coy@wsu.edu	
  
	
  	
  


