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  Reorienta.on	
  
TD	
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Fig.	
  1	
  -­‐	
  TD	
  children	
  follow	
  the	
  classic	
  pa4ern	
  (6)	
  in	
  the	
  all-­‐black	
  room,	
  searching	
  the	
  C	
  
and	
  R	
  corners	
  roughly	
  83%	
  of	
  the	
  Dme.	
  In	
  the	
  room	
  with	
  one	
  red	
  wall,	
  children	
  reliably	
  
searched	
  at	
  the	
  C	
  corner	
  more	
  oGen	
  than	
  the	
  R	
  corner.	
  (Data	
  collapsed	
  over	
  8	
  trials.)	
  	
  
	
  

WS	
  Group:	
  Was	
  geometry	
  used?	
  
	
  	
  	
  	
  We	
  found	
  that	
  the	
  geometric	
  performance	
  of	
  the	
  WS	
  parDcipants	
  in	
  the	
  black	
  rooms	
  
closely	
  resembled	
  that	
  of	
  the	
  TD	
  children.	
  14	
  individuals	
  searched	
  more	
  oGen	
  at	
  the	
  C	
  
and	
  R	
  corners,	
  1	
  searched	
  more	
  oGen	
  at	
  the	
  N	
  and	
  F	
  corners,	
  and	
  1	
  searched	
  at	
  the	
  two	
  
corner	
  types	
  the	
  same	
  number	
  of	
  Dmes.	
  	
  

	
  	
  	
  	
  Age	
  effect:	
  Sensi.vity	
  to	
  geometry?	
  
We	
  divided	
  the	
  WS	
  parDcipants	
  into	
  2	
  groups:	
  those	
  who	
  were	
  18	
  years	
  and	
  older	
  (n	
  =	
  
7,	
  M	
  =	
  21.75	
  yrs),	
  and	
  those	
  who	
  were	
  younger	
  than	
  18	
  years	
  (n	
  =	
  9,	
  M	
  =	
  11.25	
  yrs).	
  
	
  

	
  
	
  
	
  
	
  

	
  
	
  
	
  

Fig.	
  2	
  -­‐	
  Age	
  was	
  not	
  found	
  to	
  reliably	
  predict	
  the	
  use	
  of	
  geometry	
  (search	
  at	
  the	
  C	
  and	
  R	
  
corners)	
  in	
  the	
  all-­‐black	
  rooms.	
  	
  
	
  

	
  WS	
  Group:	
  Was	
  the	
  landmark	
  used?	
  
	
  	
  	
  	
  In	
  the	
  rooms	
  with	
  one	
  red	
  wall,	
  5	
  individuals	
  demonstrated	
  perfect	
  use	
  of	
  the	
  
landmark	
  (they	
  searched	
  at	
  the	
  correct	
  corner	
  on	
  all	
  8	
  trials).	
  When	
  considering	
  the	
  two	
  
age	
  groups,	
  a	
  clear	
  developmental	
  trend	
  emerged.	
  

	
  	
  	
  	
  Age	
  effect:	
  Use	
  of	
  the	
  landmark?	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Fig.	
  3	
  -­‐	
  Age	
  was	
  found	
  to	
  be	
  a	
  reliable	
  predictor	
  of	
  search	
  at	
  the	
  C	
  corner	
  in	
  the	
  rooms	
  
with	
  one	
  red	
  wall.	
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Conclusions	
  
	
  

•  No	
  difference	
  in	
  performance	
  was	
  found	
  between	
  the	
  large	
  (8’	
  x	
  12’)	
  and	
  small	
  (4’	
  x	
  
6’)	
  reorientaDon	
  rooms,	
  for	
  either	
  the	
  TD	
  or	
  WS	
  groups.	
  	
  

•  Standardized	
  assessment	
  scores	
  were	
  found	
  to	
  predict	
  geometric	
  performance	
  in	
  
only	
  the	
  black-­‐wall	
  rooms.	
  This	
  relaDonship	
  to	
  IQ	
  suggests	
  that	
  different	
  mechanisms	
  
may	
  be	
  recruited	
  in	
  the	
  two	
  condiDons,	
  which	
  is	
  also	
  supported	
  by	
  research	
  
demonstraDng	
  that	
  different	
  neurological	
  substrates	
  contribute	
  to	
  geometric	
  and	
  
feature-­‐based	
  responses	
  in	
  navigaDon	
  tasks	
  (7).	
  

•  The	
  age	
  effect	
  of	
  landmark	
  use	
  suggests	
  that	
  within	
  the	
  WS	
  populaDon,	
  sensiDvity	
  to	
  
geometry	
  remains	
  at	
  a	
  fixed	
  level,	
  while	
  the	
  ability	
  to	
  use	
  featural	
  informaDon	
  in	
  
combinaDon	
  with	
  geometry	
  increases	
  with	
  age.	
  	
  
-­‐  We	
  hypothesize	
  that	
  older	
  individuals	
  with	
  WS	
  have	
  developed	
  strategies	
  to	
  help	
  

compensate	
  for	
  the	
  difficulDes	
  they	
  face	
  when	
  required	
  to	
  return	
  to	
  parDcular	
  locaDons.	
  	
  For	
  
the	
  younger	
  parDcipants,	
  these	
  compensatory	
  strategies	
  are	
  not	
  yet	
  in	
  place.	
  	
  

-­‐  The	
  developmental	
  transiDon	
  from	
  purely	
  geometric	
  response	
  to	
  landmark	
  use	
  that	
  takes	
  
place	
  between	
  the	
  ages	
  of	
  4	
  and	
  6	
  in	
  the	
  typically	
  developing	
  case	
  is	
  slowed	
  down	
  
dramaDcally	
  within	
  this	
  special	
  populaDon,	
  such	
  that	
  the	
  transiDon	
  which	
  normally	
  occurs	
  
within	
  the	
  span	
  of	
  two	
  years	
  requires	
  the	
  input	
  of	
  far	
  more	
  life	
  experience.	
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Abstract	
  
	
  	
  	
  	
  When	
  an	
  organism	
  has	
  become	
  disoriented,	
  it	
  must	
  find	
  a	
  way	
  to	
  reestablish	
  the	
  
relaDonship	
  between	
  itself	
  and	
  the	
  environment.	
  	
  A	
  wide	
  range	
  of	
  research	
  has	
  
demonstrated	
  that	
  both	
  humans	
  and	
  animals	
  achieve	
  reorientaDon	
  by	
  forming	
  a	
  
representaDon	
  of	
  the	
  surrounding	
  space	
  based	
  upon	
  its	
  geometry	
  (e.g.,	
  the	
  lengths	
  of	
  
surfaces	
  and	
  their	
  angles	
  of	
  intersecDon).	
  	
  However,	
  research	
  with	
  one	
  populaDon	
  has	
  
shown	
  that	
  many	
  members	
  do	
  not	
  reorient	
  in	
  accord	
  with	
  the	
  geometry	
  of	
  a	
  room	
  (1).	
  	
  
Williams	
  syndrome	
  (WS)	
  is	
  a	
  disorder	
  marked	
  by	
  the	
  deleDon	
  of	
  approximately	
  25	
  genes	
  
on	
  chromosome	
  7,	
  which	
  presents	
  with	
  a	
  cogniDve	
  profile	
  that	
  includes	
  severely	
  
impaired	
  spaDal	
  understanding	
  and	
  strikingly	
  strong	
  language	
  (1,	
  2,	
  3).	
  We	
  tested	
  
reorientaDon	
  in	
  people	
  with	
  WS,	
  as	
  well	
  as	
  typically	
  developing	
  (TD)	
  children.	
  We	
  found	
  
that	
  many	
  WS	
  parDcipants	
  were	
  able	
  to	
  successfully	
  use	
  geometry	
  to	
  locate	
  a	
  hidden	
  
target.	
  These	
  data	
  enrich	
  our	
  understanding	
  of	
  the	
  navigaDonal	
  abiliDes	
  of	
  the	
  
members	
  of	
  this	
  populaDon;	
  some	
  do	
  possess	
  a	
  sensiDvity	
  to	
  geometric	
  relaDonships	
  
early	
  in	
  life.	
  In	
  terms	
  of	
  performance	
  in	
  the	
  rooms	
  with	
  one	
  red	
  wall,	
  the	
  collecDve	
  
results	
  of	
  previous	
  research	
  and	
  the	
  present	
  study	
  indicate	
  that	
  successful	
  landmark	
  use	
  
develops	
  at	
  a	
  rate	
  that	
  is	
  much	
  slower	
  than	
  in	
  the	
  typically-­‐developing	
  case.	
  	
  
	
  

Par.cipants	
  16	
  individuals	
  with	
  WS	
  (M	
  =	
  16	
  yrs,	
  range	
  =	
  5.6	
  -­‐	
  32.6	
  yrs)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  16	
  TD	
  children	
  (M	
  =	
  3.9	
  yrs,	
  range	
  3.5	
  -­‐	
  4.5	
  yrs)	
  

Addi.onal	
  Measures	
  
Spa.al	
  Language	
  Task	
  

	
  ProducDon 	
   	
   	
  Comprehension	
  

	
  
	
  
	
  

	
  
	
  
	
  	
  	
  	
  	
  “Where	
  is	
  the	
  smiley	
  face	
  to	
  the	
  square?” 	
  	
  	
  	
  	
  	
  	
  	
  	
  “Can	
  you	
  draw	
  a	
  line	
  on	
  the	
  top	
  of	
  the	
  square?”	
  
	
  
	
  

Standardized	
  assessments	
  
To	
  assess	
  the	
  cogniDve	
  profile	
  of	
  the	
  WS	
  parDcipants,	
  3	
  standardized	
  tests	
  were	
  used:	
  

-­‐  Kauffman	
  Brief	
  Intelligence	
  test	
  (K-­‐BIT	
  II)	
  (4)	
  
Average	
  IQ	
  of	
  76.69	
  (SD,	
  13.31;	
  range,	
  49-­‐91)	
  

-­‐  DAS	
  II:	
  Pa4ern	
  ConstrucDon	
  (5)	
  
Average	
  performance	
  at	
  the	
  5th	
  percenDle	
  for	
  chronological	
  age	
  (range,	
  0.01%	
  -­‐	
  29%)	
  

-­‐  DAS	
  II:	
  Digit	
  Span	
  (forward)	
  (5)	
  
	
  Average	
  performance	
  at	
  the	
  11th	
  percenDle	
  for	
  chronological	
  age	
  (range,	
  0.01%	
  -­‐	
  66%)	
  

Method:	
  Room	
  reorienta.on	
  task	
  
	
  
	
  

	
  
	
  
	
  
	
  

	
  
	
  

Task	
  	
  ParDcipants	
  were	
  blindfolded	
  and	
  disoriented	
  by	
  turning	
  around	
  in	
  a	
  circle	
  
several	
  Dmes.	
  Upon	
  opening	
  their	
  eyes,	
  they	
  were	
  asked	
  to	
  recover	
  a	
  hidden	
  sDcker.	
  
Subjects	
  completed	
  16	
  trials	
  total,	
  4	
  within	
  each	
  tesDng	
  environment.	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  

S.muli	
  	
  A	
  diagram	
  of	
  the	
  reorientaDon	
  chamber	
  is	
  shown	
  on	
  	
  
the	
  right.	
  White	
  circles	
  indicate	
  the	
  locaDons	
  of	
  	
  plasDc	
  opaque	
  	
  
containers.	
  	
  In	
  the	
  small	
  room,	
  walls	
  A	
  and	
  C	
  were	
  4	
  G.	
  across,	
  
	
  and	
  walls	
  B	
  and	
  D	
  were	
  6	
  G.	
  across.	
  	
  In	
  the	
  large	
  room,	
  walls	
  A	
  	
  
and	
  C	
  measured	
  8	
  G.	
  across,	
  and	
  walls	
  B	
  and	
  D	
  were	
  12	
  G.	
  across.	
  
	
  In	
  one	
  condiDon	
  all	
  4	
  walls	
  of	
  the	
  chamber	
  were	
  black,	
  and	
  in	
  another	
  condiDon	
  one	
  
wall	
  was	
  covered	
  with	
  red	
  felt.	
  Thus,	
  4	
  tesDng	
  environments	
  were	
  used.	
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Data	
  Analysis	
  	
  For	
  each	
  trial,	
  each	
  search	
  was	
  coded	
  as	
  
correct	
  (C),	
  rotaDonal	
  equivalent	
  (R),	
  near	
  the	
  target	
  (N),	
  or	
  far	
  
from	
  the	
  target	
  (F).	
  Target	
  is	
  indicated	
  by	
  a	
  star.	
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Comparison	
  to	
  Lakusta	
  et	
  al.	
  (2010)	
  
	
  

	
  	
  	
  	
  Previous	
  research	
  in	
  our	
  lab	
  has	
  suggested	
  that	
  many	
  individuals	
  with	
  WS	
  are	
  unable	
  to	
  use	
  
geometry	
  to	
  help	
  them	
  find	
  a	
  hidden	
  target.	
  In	
  contrast,	
  results	
  from	
  this	
  study	
  suggest	
  that	
  
despite	
  their	
  spaDal	
  deficit,	
  some	
  individuals	
  do	
  possess	
  a	
  sensiDvity	
  to	
  geometric	
  
relaDonships.	
  What	
  might	
  account	
  for	
  this?	
  	
  The	
  difference	
  may	
  be	
  the	
  fact	
  that	
  two	
  slightly	
  
different	
  tesDng	
  environments	
  were	
  used.	
  In	
  Lakusta	
  et	
  al.	
  (2010),	
  the	
  corners	
  of	
  the	
  room	
  
were	
  concealed	
  by	
  panels.	
  This	
  may	
  have	
  rendered	
  the	
  geometry	
  of	
  the	
  room	
  less	
  salient,	
  in	
  
comparison	
  to	
  the	
  corners	
  that	
  were	
  leG	
  unconcealed	
  in	
  the	
  rooms	
  of	
  the	
  present	
  study.	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  

Fig.	
  4	
  -­‐	
  Number	
  of	
  subjects	
  who	
  searched	
  geometrically	
  on	
  0,	
  25%,	
  50%,	
  75%,	
  or	
  100%	
  
of	
  the	
  trials	
  in	
  the	
  room	
  with	
  all-­‐black	
  walls.	
  More	
  WS	
  parDcipants	
  in	
  the	
  present	
  study	
  
demonstrate	
  a	
  sensiDvity	
  to	
  geometry.	
  	
  	
  	
  	
  

ReorientaDon	
  chamber	
  used	
  by	
  
Lakusta	
  et	
  al.	
  (2010):	
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Addi.onal	
  Findings	
  
	
  

•  The	
  red	
  wall	
  is	
  a	
  beacon?	
  Target	
  proximity	
  to	
  the	
  red	
  wall	
  did	
  not	
  affect	
  performance:	
  
subjects	
  for	
  whom	
  the	
  sDckers	
  were	
  hidden	
  near	
  the	
  red	
  wall	
  did	
  no	
  be4er	
  than	
  those	
  for	
  
whom	
  the	
  sDckers	
  were	
  hidden	
  far	
  from	
  the	
  red	
  wall	
  (both	
  TD	
  and	
  WS).	
  	
  

	
  
	
  

•  Spa.al	
  Language	
  Task	
  and	
  IQ	
  
	
  

-­‐  TD:	
  Neither	
  producDon	
  nor	
  comprehension	
  of	
  the	
  terms	
  “leG/right”	
  predicted	
  search	
  
at	
  C	
  in	
  the	
  red-­‐wall	
  rooms,	
  or	
  search	
  at	
  corners	
  C	
  and	
  R	
  in	
  the	
  all-­‐black	
  rooms.	
  

-­‐  WS:	
  Several	
  factors	
  emerged	
  as	
  significant	
  predictors	
  of	
  geometric	
  performance	
  
(search	
  at	
  C	
  and	
  R	
  corners)	
  	
  in	
  the	
  all-­‐black	
  rooms:	
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  author	
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