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Figure	
  1.1	
  	
  	
  Depictions	
  of	
  stimulus	
  configurations	
  used	
  by	
  (A)	
  Mckee	
  (1983)	
  and	
  (B)	
  Mitchison	
  and	
  

Westhimer	
  (1984).	
  The	
  vertical	
  lines	
  in	
  each	
  condition	
  were	
  displaced	
  in	
  depth	
  to	
  measure	
  stereoacuity	
  

and	
  are	
  identical	
  in	
  each	
  experiment.	
  	
  Each	
  panel	
  reports	
  the	
  threshold	
  (in	
  seconds	
  of	
  arc)	
  for	
  the	
  same	
  

observer	
  in	
  both	
  experiments	
  (note	
  the	
  ‘	
  –	
  ‘	
  represents	
  an	
  unmeasurable	
  threshold).	
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Figure	
  2.1.	
  Stereograms	
  of	
  the	
  stimulus	
  configurations	
  used	
  in	
  Experiment	
  2.1	
  arranged	
  for	
  crossed	
  

fusion.	
  Observers	
  judged	
  the	
  relative	
  depth	
  of	
  the	
  two	
  central	
  vertical	
  lines	
  in	
  each	
  condition.	
  Each	
  row	
  

depicts	
  one	
  condition:	
  (A)	
  Isolated	
  lines	
  (B)	
  Closed	
  Object	
  and	
  (C)	
  Segmented	
  Objects.	
  In	
  each	
  of	
  the	
  

above	
  stereopairs,	
  the	
  rightmost	
  line	
  of	
  the	
  central	
  target	
  pair	
  has	
  the	
  same	
  crossed	
  disparity.	
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Figure	
  2.2.	
  Perceived	
  depth	
  as	
  a	
  function	
  of	
  depth	
  offset	
  for	
  three	
  stimulus	
  configurations:	
  isolated	
  lines	
  

(blue	
  squares),	
  within	
  object	
  (green	
  circles)	
  and	
  between	
  objects	
  (red	
  triangles).	
  The	
  abscissa	
  shows	
  the	
  

theoretical	
  depth,	
  and	
  the	
  ordinate	
  shows	
  the	
  amount	
  of	
  estimated	
  depth	
  (mm).	
  The	
  dashed	
  line	
  

indicates	
  a	
  gain	
  of	
  one	
  and	
  error	
  bars	
  show	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.	
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Figure	
  2.3	
  	
  	
  Illustrations	
  of	
  the	
  linear	
  perspective	
  information	
  signalled	
  by	
  the	
  isolated	
  line	
  (A),	
  closed	
  

object	
  (B)	
  and	
  segmented	
  objects	
  (C)	
  stimuli.	
  Monocular	
  information	
  about	
  depth	
  in	
  each	
  stimulus	
  comes	
  

from	
  the	
  difference	
  in	
  the	
  projected	
  length	
  of	
  the	
  lines	
  (not	
  drawn	
  to	
  scale).	
  In	
  (A)	
  perspective	
  is	
  the	
  only	
  

source	
  of	
  monocular	
  information.	
  In	
  (B)	
  and	
  (C)	
  additional	
  linear	
  perspective	
  information	
  is	
  provided	
  by	
  

the	
  relative	
  size	
  of	
  the	
  disparate	
  line	
  and	
  the	
  projections	
  from	
  the	
  connecting	
  lines:	
  the	
  lines	
  converge	
  to	
  

different	
  angles,	
  where	
  angle	
  (a)	
  is	
  larger	
  than	
  angle	
  (b).	
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Figure	
  2.4.	
  Perceived	
  depth	
  as	
  a	
  function	
  of	
  depth	
  offset	
  for	
  stimulus	
  configurations	
  with	
  perspective-­‐

based	
  cue	
  conflict	
  removed.	
  Each	
  solid	
  line	
  represents	
  the	
  results	
  where	
  perspective-­‐based	
  cue	
  conflict	
  

was	
  removed:	
  isolated	
  lines	
  (blue	
  squares),	
  within	
  object	
  (green	
  circles)	
  and	
  between	
  objects	
  (red	
  

triangles).	
  Results	
  for	
  Experiment	
  2.1	
  (with	
  cue	
  conflict)	
  are	
  included	
  for	
  comparison,	
  represented	
  by	
  

dashed	
  lines.	
  The	
  abscissa	
  shows	
  the	
  theoretical	
  depth,	
  and	
  the	
  ordinate	
  represent	
  the	
  amount	
  of	
  

estimated	
  depth.	
  The	
  dashed	
  line	
  grey	
  indicates	
  a	
  gain	
  of	
  one	
  and	
  error	
  bars	
  show	
  ±	
  one	
  SEM.	
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Figure	
  3.1.	
  	
  Stimuli	
  used	
  in	
  Experiment	
  3.1.	
  The	
  outer	
  vertical	
  lines	
  are	
  not	
  included	
  in	
  the	
  figure	
  due	
  to	
  

space	
  considerations,	
  but	
  were	
  present	
  during	
  testing	
  (as	
  illustrated	
  in	
  Figure	
  2.1).	
  Stimuli	
  (A)	
  and	
  (B)	
  are	
  

the	
  isolated	
  line	
  and	
  closed	
  object	
  stimuli	
  used	
  in	
  Experiment	
  2.1	
  which	
  were	
  re-­‐tested	
  for	
  comparison.	
  In	
  

configurations	
  C-­‐G,	
  the	
  grouping	
  cues	
  were	
  varied,	
  either	
  in	
  isolation	
  or	
  in	
  combination,	
  to	
  influence	
  

perceived	
  closure:	
  (C)	
  Reversed-­‐contrast	
  connectedness.	
  (D)	
  Uniform	
  connectedness,	
  proximity,	
  similarity	
  

and	
  similarity	
  of	
  orientation	
  (E)	
  Reversed-­‐contrast	
  connectedness,	
  proximity,	
  similarity	
  and	
  similarity	
  of	
  

orientation.	
  (F)	
  Uniform	
  connectedness,	
  proximity	
  and	
  similarity	
  of	
  orientation.	
  (G)	
  Reversed-­‐contrast	
  

connectedness,	
  proximity	
  and	
  similarity	
  of	
  orientation.!
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Figure	
  3.2.	
  Perceived	
  depth	
  as	
  a	
  function	
  of	
  depth	
  offset	
  (in	
  mm)	
  for	
  Experiment	
  3.1	
  (n=9).	
  In	
  each	
  figure	
  

the	
  abscissa	
  shows	
  the	
  theoretical	
  depth,	
  and	
  the	
  ordinate	
  shows	
  the	
  estimated	
  depth.	
  See	
  Figure	
  3.1	
  for	
  

illustration	
  of	
  stimuli.	
  (A)	
  Replication	
  of	
  Experiment	
  2.1	
  for	
  isolated	
  lines	
  (blue	
  circles)	
  and	
  closed	
  objects	
  

(green	
  squares).	
  For	
  comparison,	
  these	
  data	
  are	
  re-­‐plotted	
  in	
  subsequent	
  figures.	
  (B)	
  The	
  polarity	
  of	
  the	
  

horizontal	
  connecting	
  line	
  was	
  reversed	
  (purple	
  open	
  squares).	
  (C)	
  Results	
  for	
  uniform	
  flankers	
  with	
  the	
  

same	
  contrast	
  polarity	
  as	
  the	
  connecting	
  line,	
  either	
  all	
  white	
  (red	
  diamonds)	
  or	
  black	
  (yellow	
  triangles).	
  

(D)	
  Alternating	
  contrast	
  flanking	
  lines	
  extending	
  from	
  either	
  white	
  (red	
  diamonds)	
  or	
  black	
  (orange	
  

triangles)	
  connectors.	
  The	
  dashed	
  line	
  indicates	
  a	
  gain	
  of	
  one	
  and	
  error	
  bars	
  show	
  ±	
  one	
  SEM.	
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Figure	
  3.3.	
  Average	
  subjective	
  ratings	
  for	
  the	
  seven	
  stimulus	
  configurations	
  used	
  in	
  Experiment	
  3.1	
  (n=9).	
  

Ratings	
  range	
  from	
  0	
  (not	
  an	
  object)	
  to	
  10	
  (a	
  strong	
  sense	
  of	
  a	
  closed	
  object).	
  The	
  stimuli	
  are	
  depicted	
  

below	
  each	
  rating	
  (see	
  Figure	
  3.1).	
  Error	
  bars	
  represent	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.	
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Figure	
  4.1.	
  Illustration	
  of	
  the	
  stimulus	
  configurations	
  used	
  in	
  Experiment	
  4.1.	
  Columns	
  (A)	
  and	
  (B)	
  show	
  

the	
  two	
  sets	
  of	
  stimulus	
  configurations:	
  (A)	
  ‘Bracket’	
  configurations	
  where	
  the	
  gap	
  is	
  positioned	
  in	
  the	
  

centre	
  of	
  the	
  horizontal	
  lines,	
  and	
  (B)	
  ‘Bridge’	
  conditions	
  where	
  the	
  gaps	
  are	
  distributed	
  equally	
  at	
  the	
  

ends	
  of	
  the	
  horizontal	
  lines.	
  Each	
  row	
  represents	
  a	
  different	
  gap	
  size,	
  which	
  is	
  expressed	
  as	
  the	
  fraction	
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of	
  the	
  horizontal	
  contour	
  removed:	
  25%,	
  50%,	
  75%	
  and	
  50%	
  asymmetric,	
  corresponding	
  to	
  0.5°,	
  1°,	
  1.5°	
  

and	
  1°	
  asymmetric	
  respectively.	
  Figures	
  (C)	
  and	
  (D)	
  are	
  stereograms	
  arranged	
  for	
  cross-­‐fusion,	
  depicting	
  

one	
  version	
  of	
  each	
  stimulus	
  (50%	
  gap).	
  In	
  each	
  stereopair,	
  the	
  right	
  line	
  of	
  the	
  central	
  target	
  pair	
  has	
  

the	
  same	
  crossed	
  disparity.	
  In	
  all	
  trials,	
  observers	
  judged	
  the	
  relative	
  depth	
  of	
  the	
  central	
  vertical	
  lines.	
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Figure	
  4.2.	
  Perceived	
  depth	
  as	
  a	
  function	
  of	
  depth	
  offset	
  (in	
  mm)	
  for	
  Experiment	
  4.1	
  (n=11).	
  The	
  baseline	
  

comparison	
  of	
  isolated	
  lines	
  (blue)	
  and	
  connected	
  object	
  (green)	
  is	
  included	
  in	
  both	
  figures.	
  (A)	
  Estimated	
  

depth	
  reported	
  for	
  ‘bracket’	
  configurations	
  possessing	
  a	
  centred	
  gap.	
  Each	
  line	
  represents	
  estimates	
  for	
  

one	
  gap	
  size,	
  listed	
  as	
  the	
  percentage	
  of	
  the	
  stimulus	
  width:	
  25%,	
  50%,	
  75%	
  and	
  50%	
  asymmetric	
  (for	
  

a!

Ea!

Na!

Ha!

^a!

da!

a! d7c! EE7N! Ec7G! NN7^! NG!

Q
)y

1*
$%

5!
5%

($
3!

B
11

I!

J3%'&%y/*.!5%($3!B11I!

U7!

8)'.*$%5!."0%)!

]'00%/$%5!'26%/$!

Ndj!>*(!

daj!

`dj!

daj!U):117!

a!

Ea!

Na!

Ha!

^a!

da!

a! d7c! EE7N! Ec7G! NN7^! NG!

Q
)y

1*
$%

5!
5%

($
3!

B
11

I!

J3%'&%y/*.!5%($3!B11I!

[7!!

8)'.*$%5!."0%)!

]'00%/$%5!'26%/$!

Ndj!>*(!

daj!

`dj!

daj!U):117!!



!
!

^E!

stimulus	
  description	
  see	
  Section	
  4.3.2).	
  (B)	
  Depth	
  estimates	
  for	
  ‘bridge’	
  stimuli,	
  where	
  the	
  gaps	
  (same	
  

sizes)	
  were	
  distributed	
  at	
  the	
  corners	
  of	
  the	
  rectangle.	
  In	
  each	
  figure	
  the	
  theoretical	
  depth	
  (see	
  Section	
  

2.2)	
  is	
  shown	
  on	
  the	
  abscissa,	
  and	
  the	
  ordinate	
  shows	
  the	
  estimated	
  depth.	
  The	
  dashed	
  line	
  indicates	
  a	
  

gain	
  of	
  one	
  and	
  error	
  bars	
  show	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.!
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Figure	
  4.3.	
  Subjective	
  ratings	
  for	
  the	
  ten	
  stimulus	
  configurations	
  used	
  in	
  Experiment	
  4.1	
  (n=11).	
  

Perceptual	
  closure	
  was	
  rated	
  on	
  a	
  scale	
  from	
  0	
  (not	
  an	
  object)	
  to	
  10	
  (a	
  strong	
  sense	
  of	
  a	
  closed	
  object).	
  

Ratings	
  were	
  obtained	
  for	
  monocular	
  viewing	
  and	
  binocular	
  (stereoscopic)	
  viewing	
  at	
  the	
  largest	
  test	
  

disparity.	
  The	
  error	
  bars	
  represent	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.	
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Figure	
  4.4.	
  	
  Illustrations	
  of	
  the	
  stimuli	
  used	
  in	
  Experiment	
  4.2.	
  Stimuli	
  A	
  –	
  C	
  are	
  the	
  isolated	
  line,	
  closed	
  

object	
  and	
  bracket	
  stimuli	
  that	
  were	
  re-­‐tested	
  to	
  aid	
  comparison.	
  In	
  configurations	
  D	
  –	
  F	
  the	
  positions	
  of	
  

the	
  horizontal	
  lines	
  were	
  varied	
  to	
  remove	
  corners.	
  Vertical	
  offsets	
  are	
  expressed	
  as	
  the	
  fraction	
  of	
  the	
  

stimulus	
  height.	
  	
  (D)	
  10%	
  (0.32°)	
  from	
  vertical	
  line	
  end-­‐points;	
  (E)	
  40%	
  (1.28°)	
  from	
  end-­‐points;	
  (F)	
  

Collinearity	
  is	
  removed	
  by	
  positioning	
  the	
  lines	
  on	
  each	
  fragment	
  one	
  each	
  offset.	
  Figures	
  G	
  -­‐	
  I	
  are	
  

stereograms	
  versions	
  of	
  stimuli	
  D	
  -­‐	
  F	
  arranged	
  for	
  cross-­‐fusion.	
  In	
  each	
  of	
  the	
  stereopairs,	
  the	
  rightmost	
  

line	
  of	
  the	
  central	
  target	
  pair	
  has	
  the	
  same	
  crossed	
  disparity.!
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Figure	
  4.5.	
  Perceived	
  depth	
  as	
  a	
  function	
  of	
  depth	
  offset	
  for	
  six	
  stimulus	
  configurations.	
  Isolated	
  lines	
  

(blue),	
  closed	
  object	
  (green)	
  and	
  L-­‐junction	
  bracket	
  (red)	
  form	
  the	
  baseline	
  condition.	
  L-­‐junction	
  corners	
  

were	
  removed	
  by	
  repositioning	
  the	
  horizontal	
  line	
  segments	
  along	
  the	
  vertical	
  lines	
  to	
  create	
  T-­‐junctions	
  

(see	
  Section	
  4.4.2).	
  Light	
  purple	
  lines	
  represent	
  the	
  estimates	
  for	
  the	
  10%	
  vertical	
  offset.	
  Dark	
  purple	
  

depicts	
  estimates	
  for	
  the	
  40%	
  vertical	
  offset.	
  The	
  yellow	
  points	
  represent	
  estimates	
  where	
  collinearity	
  

was	
  removed.	
  The	
  abscissa	
  shows	
  the	
  theoretical	
  depth,	
  and	
  the	
  ordinate	
  shows	
  the	
  estimated.	
  The	
  

dashed	
  line	
  indicates	
  a	
  gain	
  of	
  one	
  and	
  error	
  bars	
  show	
  ±	
  one	
  SEM.	
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Figure	
  4.6.	
  Subjective	
  ratings	
  for	
  the	
  six	
  stimulus	
  configurations	
  used	
  in	
  Experiment	
  4.2	
  (n=11).	
  Ratings	
  

were	
  on	
  a	
  0	
  –	
  10	
  scale,	
  where	
  low	
  figure	
  ratings	
  indicate	
  weak	
  perceived	
  closure	
  and	
  high	
  ratings	
  

indicate	
  a	
  strong	
  sense	
  of	
  closure.	
  Results	
  are	
  shown	
  for	
  ratings	
  obtained	
  for	
  monocular	
  viewing	
  and	
  

stereoscopic	
  binocular	
  viewing	
  at	
  the	
  largest	
  test	
  disparity.	
  All	
  error	
  bars	
  represent	
  ±	
  one	
  SEM.	
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Figure	
  4.7	
  	
  	
  Depictions	
  of	
  stimuli	
  used	
  in	
  Experiment	
  4.3.	
  In	
  this	
  experiment,	
  the	
  central	
  vertical	
  test	
  lines	
  

were	
  offset	
  on	
  the	
  Y-­‐axis	
  by	
  an	
  equal	
  amount	
  in	
  opposite	
  directions.	
  Two	
  offsets	
  were	
  tested:	
  0.32°	
  and	
  

0.64°	
  corresponding	
  to	
  10%	
  and	
  20%	
  of	
  the	
  stimulus	
  height.	
  Isolated	
  lines	
  (A)	
  and	
  connected	
  object	
  (B)	
  

were	
  modified	
  and	
  re-­‐tested	
  at	
  each	
  vertical	
  offset.	
  (C)	
  L-­‐junction	
  stimulus	
  possessing	
  collinearity	
  (D)	
  L-­‐

junction	
  stimulus	
  with	
  collinearity	
  removed.	
  Figures	
  (E)	
  and	
  (F)	
  are	
  stereograms	
  of	
  stimuli	
  (C)	
  and	
  (D)	
  

arranged	
  for	
  cross-­‐fusion,	
  with	
  the	
  right-­‐most	
  line	
  of	
  the	
  central	
  target	
  pair	
  containing	
  the	
  same	
  crossed	
  

disparity.	
  All	
  stimuli	
  were	
  slanted	
  on	
  a	
  continuous	
  plane	
  about	
  the	
  vertical	
  axis.	
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Figure	
  4.8.	
  Results	
  for	
  Experiment	
  4.3	
  where	
  the	
  impact	
  of	
  collinearity	
  was	
  assessed.	
  In	
  each	
  figure,	
  

estimated	
  depth	
  is	
  plotted	
  as	
  a	
  function	
  of	
  depth	
  offset	
  (in	
  mm).	
  Each	
  sub-­‐plot	
  shows	
  the	
  results	
  for	
  one	
  

vertical	
  offset	
  and	
  includes	
  the	
  baseline	
  comparison	
  of	
  isolated	
  lines	
  (blue)	
  and	
  connected	
  object	
  (green).	
  

(A)!Vertical	
  lines	
  arranged	
  with	
  10%	
  vertical	
  offset.	
  (B)	
  20%	
  vertical	
  offset	
  between	
  image	
  fragments.	
  The	
  

theoretical	
  depth	
  is	
  shown	
  on	
  the	
  abscissa,	
  and	
  the	
  ordinate	
  shows	
  the	
  estimated	
  depth.	
  The	
  dashed	
  line	
  

indicates	
  a	
  gain	
  of	
  one	
  and	
  error	
  bars	
  show	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.	
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Figure	
  4.9.	
  Subjective	
  ratings	
  (0	
  –	
  10)	
  for	
  eight	
  stimulus	
  configurations	
  (described	
  in	
  Figure	
  4.7).	
  Ratings	
  

for	
  11	
  observers	
  were	
  obtained	
  for	
  a	
  stimulus	
  viewed	
  monocularly	
  and	
  stereoscopically	
  at	
  the	
  largest	
  test	
  

disparity.	
  Error	
  bars	
  represent	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.	
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Figure	
  4.10.	
  	
  Stereograms	
  of	
  stimuli	
  employed	
  in	
  Experiment	
  4.4	
  to	
  assess	
  the	
  impact	
  of	
  3-­‐D	
  collinearity,	
  

termed	
  ‘good	
  stereoscopic	
  continuation’.	
  Stimuli	
  are	
  arranged	
  for	
  cross-­‐fusion	
  and	
  the	
  right-­‐most	
  line	
  of	
  

the	
  central	
  target	
  pair	
  has	
  the	
  same	
  crossed	
  disparity.	
  The	
  images	
  on	
  the	
  right	
  show	
  the	
  view-­‐from-­‐

above	
  of	
  the	
  disparity	
  profile.	
  (A)	
  3-­‐D	
  collinearity:	
  Horizontal	
  lines	
  are	
  slanted	
  through	
  depth	
  on	
  a	
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continuous	
  disparity	
  gradient.	
  (B)	
  Depth	
  step:	
  Image	
  fragments	
  are	
  fronto-­‐parallel	
  and	
  are	
  positioned	
  on	
  

two	
  different	
  depth	
  planes	
  to	
  disrupt	
  3-­‐D	
  collinearity.	
  Note	
  that	
  the	
  baseline	
  condition	
  was	
  also	
  re-­‐tested	
  

but	
  is	
  not	
  included	
  here.	
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Figure	
  4.11.	
  	
  Perceived	
  depth	
  as	
  a	
  function	
  of	
  depth	
  offset	
  for	
  four	
  stimulus	
  configurations.	
  The	
  isolated	
  

lines	
  (blue)	
  and	
  connected	
  object	
  (green)	
  stimuli	
  form	
  the	
  baseline	
  condition.	
  In	
  two	
  new	
  configurations,	
  

the	
  disparity	
  profile	
  of	
  a	
  square-­‐bracket	
  stimulus	
  was	
  varied	
  (see	
  Section	
  4.6.2	
  for	
  stimulus	
  description).	
  

The	
  yellow	
  points	
  represents	
  estimates	
  for	
  stimuli	
  possessing	
  3-­‐D	
  continuation,	
  and	
  the	
  red	
  points	
  depict	
  

estimates	
  for	
  conditions	
  with	
  a	
  depth	
  step.	
  The	
  abscissa	
  shows	
  the	
  theoretical	
  depth,	
  and	
  the	
  ordinate	
  

represents	
  the	
  estimated	
  depth.	
  The	
  dashed	
  line	
  indicates	
  a	
  gain	
  of	
  one	
  and	
  error	
  bars	
  show	
  ±	
  one	
  SEM.	
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Figure	
  4.12	
  	
  Subjective	
  ratings	
  obtained	
  for	
  configurations	
  with	
  and	
  without	
  good	
  stereoscopic	
  

continuation	
  (in	
  addition	
  to	
  baseline	
  pair).	
  Each	
  condition	
  was	
  presented	
  in	
  a	
  stereoscope	
  at	
  the	
  largest	
  

test	
  disparity	
  and	
  observers	
  (n=11)	
  rated	
  the	
  apparent	
  closure	
  (0	
  –	
  10)	
  for	
  monocular	
  and	
  stereoscopic	
  

viewing.	
  Error	
  bars	
  represent	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.	
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Figure	
  4.13	
  	
  	
  	
  Estimated	
  depth	
  (in	
  mm)	
  as	
  a	
  function	
  of	
  subjective	
  figure	
  ratings.	
  Each	
  point	
  represents	
  

the	
  average	
  depth	
  estimate	
  obtained	
  at	
  the	
  largest	
  test	
  disparity	
  for	
  each	
  configuration	
  employed	
  in	
  

Chapters	
  3	
  and	
  4.	
  The	
  solid	
  line	
  shows	
  the	
  linear	
  regression	
  (see	
  text	
  for	
  analysis).	
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The	
  experiments	
  in	
  this	
  Chapter	
  were	
  published	
  in	
  Journal	
  of	
  Vision	
  in	
  2015:	
  Deas,	
  L.	
  M.,	
  &	
  Wilcox,	
  L.	
  M.	
  

!"#$%&'(Perceptual	
  grouping	
  via	
  binocular	
  disparity:	
  The	
  impact	
  of	
  stereoscopic	
  good	
  continuation.	
  

Journal	
  of	
  Vision,	
  Ed!BEEI9!EOEH7!5'"CEa7EEc`mEd7EE7EE!

Statement	
  of	
  contribution:	
  	
  L.M.	
  Deas	
  and	
  L.M.	
  Wilcox	
  developed	
  the	
  study	
  concept	
  and	
  design.	
  Data	
  

collection	
  and	
  analysis	
  was	
  performed	
  by	
  L.M.	
  Deas.	
  Both	
  authors	
  collaborated	
  on	
  data	
  interpretation	
  

and	
  preparation	
  of	
  the	
  manuscript.$
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5.2!!!!Experiment	
  5.1.1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  $

5.2.1	
  	
  	
  Introduction!
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5.2.2	
  	
  	
  	
  Methods	
  !

!"#$%&$%#'''''''''''!Eleven!!"#$%&$%#'()%*+,+()*$-'+.'/0($%+1$.*'23434').-'234353'6!7%'8$%$'$0($%+$.,$-'

stereoscopic	
  observers	
  with	
  excellent	
  stereoacuity	
  (≤40arcsecs)!and	
  had	
  participated	
  in	
  Experiments	
  2.1	
  

!"#$%&'!"#$%$&"'$($")&*$(+(,*),-$".-)*$&-."'/-0"&1"2(/1("$32$(/$&4$"'ith	
  psychophysical	
  tasks.	
  These	
  

!"#"$%!&'("$&!%)"*"%*"+*',&"(%-.!"(%/$%.%0*"O!"#$$%&%'()!!$!!*$%+(,&+-(+-$("#&+$#&)(./()"-&$0&%'()+(

!"#$%&'(&$")*+,$&*-&#.)&*+&%/"&0#+,*%!" !stereoacuity	
  test.	
  All	
  observers	
  had	
  normal	
  or	
  correctedOtoO

!"#$%&'()*+%&'%,+)-./'!

!
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Stimuli	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  !"#$%&'()*)%$!"#$%&'()*'#+,,*-!"#$%&diameter)	
  white	
  (59.1	
  cd/m! !"#$%&"'((')*+#",)"'"

!"#$%"&'()*#"+*"&*(*,$-O!"#$%&'()!"*+,-%./012%(-34! ).	
  At	
  this	
  size,	
  each	
  element’s	
  internal	
  disparity	
  

!"#$%&'()*#+)not	
  perceived.	
  The	
  path	
  length	
  was	
  fixed	
  at	
  2.6°,	
  !"# 	
  !"#$%&'(#)$*+$#,#'#%!-	
  was	
  varied!

!"#$%&'#%(#)*%+&%*+,-%*!"#$%&$'()(!$*'(($+,-./($012#1$!"#$%&'#()*#$+#'+$'+),-(-'$.&'$+./$0/+'1$

positioned	
  symmetrically	
  about	
  the	
  midO!"#$%&"'&%()&*#+!,-.&-$*&!"#$%"!!&'($)"%"#$*'!" !!"#$!"!"#$%&'(&!

!"#$%&$'$()*$+O!!"!#!$% 	
  conditions,	
  intermediate	
  dots	
  were	
  added	
  between	
  the	
  outer	
  dots	
  (maintaining	
  

equal	
  element	
  spacing	
  in	
  a	
  given	
  configuration).	
  The	
  element	
  lateral	
  separation	
  for	
  the	
  2,	
  3,	
  5	
  and	
  7	
  dot	
  

configurations	
  were	
  !"#$,	
  !"#°!"0.65!,	
  0.43°!respectively.!On	
  each	
  !"#$%&'!()'*+!)"'!),!'-*!,'.)")'/"),)0!)-'

at	
  one	
  of	
  a	
  range	
  of	
  disparities	
  (0°,	
  0.04°,	
  0.08°,	
  0.12°,	
  0.16°	
  and	
  0.2°).	
  One	
  dot	
  had	
  a	
  crossed	
  disparity	
  

!"#$%&'$(%&')$'"#$&!#$!"$'*+!,$!-(+"%$(.$+"/)(00'#$#102!)1%34$0+/&$%&!%$%&'$2!%&$5!0$03--'%)1/$1"$

!"#$%&'bout	
  the	
  !"#$%&'()*#'+,%)-*."/%0he	
  total	
  disparity	
  between	
  the	
  outer	
  dots	
  was	
  0°,	
  0.08°,	
  0.16°,	
  

!"#$%&'!"(!"#$%&#'()"#*+,-+./01+23!"#$"%&'"()$*+%+)$,"-+%&"+$%'./'*+0%'"'1'/'$%,2"%&','"*)%,"were	
  

positioned	
  at	
  a	
  disparity	
  determined	
  by	
  a	
  linear	
  extrapolation	
  !"#$""%&#'"&()*+,-)#)"*&./&#'"&#$.&.0#"-&

elements.	
  	
  !"#$%&'(%)%$*(+,&-(./$0-&*(#1.$2defined	
  as	
  G	
  =	
  !"#$"%&where	
  Db	
  !"#$%&#'!()*+,-.#/!"0-.!$1#

difference	
  between	
  the	
  endpoints	
  and	
  !" !!"#$%&#'!()*+,-.#/)$#"&0-.-$!)(#)1#$%&#&(/0)!($"2#-3&.-4&/#)3&.#

!"#$%&'&()	
  in	
  the	
  dot	
  arrays	
  was	
  0.17.	
  At	
  this	
  gradient	
  the	
  stimuli	
  are	
  well	
  within	
  the	
  fusable	
  range,	
  and	
  

much	
  lower	
  than	
  the	
  limit	
  of	
  1	
  proposed	
  by	
  Burt	
  and	
  Julesz	
  (1980).	
  Note	
  that	
  for	
  each	
  disparity	
  tested,	
  

the	
  disparity	
  gradient	
  between	
  the	
  two	
  end	
  elements	
  remained	
  the	
  same	
  regardless	
  of	
  the	
  number	
  of	
  

intervening	
  elements.	
  Pilot	
  testing	
  prior	
  to	
  the	
  main	
  experiments	
  verified	
  that	
  all	
  disparities	
  were	
  within	
  

Panum’s	
  fusional	
  area.	
  !
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Figure	
  5.1.	
  Illustration	
  (not	
  to	
  scale)	
  of	
  the	
  stimulus	
  configurations	
  used	
  in	
  Experiment	
  5.1.1.	
  Observers	
  

judged	
  the	
  amount	
  of	
  depth	
  between	
  the	
  two	
  outer	
  dots	
  in	
  each	
  condition.	
  Each	
  row	
  depicts	
  one	
  

condition,	
  with	
  systematic	
  increases	
  in	
  the	
  number	
  of	
  elements	
  forming	
  the	
  contour.	
  The	
  first	
  column	
  

shows	
  the	
  patterns	
  as	
  a	
  view-­‐from-­‐above	
  and	
  the	
  second	
  column	
  depicts	
  stereograms	
  of	
  the	
  stimulus	
  

configurations	
  arranged	
  for	
  crossed	
  fusion.	
  The	
  horizontal	
  distance	
  between	
  the	
  outer	
  elements	
  in	
  each	
  

configuration	
  was	
  fixed	
  and,	
  for	
  a	
  given	
  test	
  disparity,	
  the	
  disparity	
  gradient	
  was	
  constant	
  for	
  all	
  path	
  

densities.	
  !

!
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5.2.3	
  	
  	
  Results	
  and	
  Discussion	
  	
  	
  	
  	
  	
  !

Figure	
  5.2	
  shows	
  the	
  mean	
  estimated	
  depth	
  for	
  each	
  configuration	
  as	
  a	
  function	
  of	
  the	
  theoretical	
  

separation	
  in	
  depth.	
  As	
  the	
  disparity	
  separating	
  the	
  target	
  pair	
  increased,	
  estimated	
  depth	
  increased	
  

linearly	
  for	
  all	
  configurations.	
  However,	
  the	
  amount	
  o!"#$%&'"($%)(&$#"#$%$*#$#	
  on	
  the	
  number	
  of	
  dots	
  

!"#$%!"#$%&'()*+,'$%-".+/'0)0"1!2,3"4+ !"#$%&$'($)"'*"+,$"+-.Odot	
  condition,	
  and	
  in	
  this	
  case,	
  closely	
  

!"##"$%&'()%"*%(+,-#'.*%&+,(+"/0'%1,%.('-('()%'#-*2%0('&+0.-*+(34'In	
  comparison,	
  perceived	
  depth	
  was	
  

!"#$%$&'#&()*+#,*$)$&'matically	
  reduced	
  as	
  more	
  dots	
  were	
  added	
  to	
  the	
  path.	
  Note	
  that	
  the	
  addition	
  of	
  

one	
  dot	
  (3Oelement	
  configuration)	
  was	
  sufficient	
  to	
  significantly	
  reduce	
  perceived	
  depth	
  of	
  the	
  outer	
  

elements	
  and	
  the	
  disruptive	
  effect	
  increased	
  with	
  increasing	
  dot	
  number.	
  Statistical	
  analyses	
  confirmed	
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these	
  observations.	
  Because	
  observers	
  !"#"$%&'($%)*%$+&,"$+%-,.'-$!&.'($)*/"$0"#&$(-+1*#-%23$%)-+$

response	
  became	
  stereotyped	
  to	
  the	
  base	
  of	
  the	
  sensor	
  strip	
  and	
  had	
  no	
  associated	
  variance.	
  To	
  avoid	
  

biasing	
  the	
  model	
  fits,	
  the	
  zeroOdisparity	
  estimates	
  were	
  excluded	
  from	
  analyses.	
  A	
  repeated	
  measures	
  

ANOVA	
  showed	
  main	
  effects	
  of	
  Configuration,	
  ! !"#$"%!"#"$%&'()"!" !"#$##%&"! ! 	
  =	
  0.77,	
  and	
  Disparity,	
  F(1,	
  

!"#$%$&'(')*$p	
  <	
  0.001;	
  η2	
  =	
  0.89.	
  The	
  interaction	
  between	
  Configuration	
  and	
  Disparity	
  was	
  also	
  

significant,	
  ! !"#$"%&$'$"(""#$p	
  =	
  0.004;	
  η	
  2	
  =	
  0.31.	
  Simple	
  effects	
  analyses	
  were	
  used	
  to	
  compare	
  the	
  

differences	
  between	
  configurations.	
  These	
  contrasts	
  revealed	
  that	
  perceived	
  depth	
  for	
  all	
  conditions	
  was	
  

significantly	
  different	
  at	
  the	
  p	
  =	
  0.01	
  level.	
  !

	
  

	
  

	
  

Figure	
  5.2.	
  Perceived	
  depth	
  as	
  a	
  function	
  of	
  the	
  depth	
  difference	
  between	
  the	
  outer	
  dot	
  pair	
  for	
  four	
  dot	
  

densities	
  with	
  smooth	
  disparity	
  gradients.	
  Paths	
  were	
  composed	
  of	
  two	
  (open	
  blue	
  circles),	
  three	
  (closed	
  

red	
  squares),	
  five	
  (closed	
  green	
  circles)	
  and	
  seven	
  (open	
  yellow	
  squares)	
  dots.	
  The	
  abscissa	
  shows	
  the	
  

theoretical	
  depth,	
  and	
  the	
  ordinate	
  shows	
  the	
  estimated	
  depth.	
  	
  The	
  dashed	
  line	
  indicates	
  a	
  gain	
  of	
  one	
  

and	
  error	
  bars	
  represent	
  show	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.!
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5'$)7!;'+%4%&9!!or	
  a	
  given	
  test	
  disparity,	
  the	
  disparity	
  gradient	
  did	
  not	
  change	
  with	
  the	
  addition	
  of	
  

intermediate	
  dots,	
  as	
  both	
  the	
  binocular	
  distance	
  (Sb)	
  and	
  the	
  disparity	
  difference	
  (Db)	
  remained!

unchanged.	
  Despite	
  the	
  constant	
  gradient,	
  '2)%&4%&)!(%&,'&1%5!4%&"5"/*..: !"0!$3%!$+'O5'$!/'05"$"'0 	
  but	
  

disparity	
  was	
  systematically	
  misperceived	
  with	
  the	
  addition	
  of	
  intermediate	
  dots.	
  J3%&%,'&%9!

%=(.*0*$"'0)!2*)%5!'0!.'))!',!,-)"'0!5-%!$' !4"'.*$"'0!',!$3%!5")(*&"$:!>&*5"%0$!."1"$!/'-.5!2%!&-.%5!'-$7!

Rather,	
  these	
  results	
  were	
  consistent	
  with	
  the	
  hypothesis	
  that	
  higherOlevel	
  grouping	
  mechanism	
  

!"#$%&'"()*'+(&*$",-$",". 	
  In	
  this	
  instance,	
  the	
  addition	
  of	
  intermediate	
  dots	
  to	
  the	
  2Odot	
  condition	
  

changed	
  the	
  interpretation	
  from	
  disti!"#$"%&'%!(!#)$#%$*$)+!,-($'*#.	
  via	
  good	
  continuation.	
  This	
  was	
  

reflected	
  in	
  the	
  subjective	
  ratings	
  (depicted	
  in	
  Figure	
  5.3).	
  R!"#$%&'()*'"+,'-Odot	
  stimulus	
  were	
  

!"#$%$&'#&()*+&*,'-"*./01234*$566'$&%#6*&7+&*&7!"!#$%&#'(#&!'&!#()#%'#(*+!,-#.'#-/.&#,(').01"%-.('.	
  Note	
  

that	
  this	
  rating	
  was	
  consistent	
  with	
  those	
  obtained	
  for	
  the	
  isolated	
  lines	
  condition	
  employed	
  in	
  Chapters	
  

2	
  O	
  4.	
  As!intermediate	
  dots	
  were	
  added	
  to	
  the	
  stimulus,	
  the	
  object	
  ratings	
  systematically	
  increased	
  and	
  

were	
  highest	
  for	
  the	
  7Odot	
  contour	
  (rating	
  =	
  10,	
  SD	
  =	
  0	
  for	
  stereoscopic	
  viewing).	
  These	
  ratings	
  showed	
  

that	
  the	
  strength	
  of	
  grouping	
  in	
  the	
  dotOpath	
  was	
  dependent	
  on	
  the	
  amount	
  of	
  spatial	
  support	
  and,	
  

consequently,	
  modulated	
  the	
  amount	
  of	
  depth	
  perceived	
  within	
  the	
  object.	
  Taken	
  together,	
  I	
  have	
  shown	
  

that	
  figural	
  grouping	
  via	
  good	
  continuation	
  in	
  depth	
  negatively	
  impacts	
  the	
  amount	
  of	
  depth	
  perceived	
  

in	
  a	
  dotOpath.	
  I	
  propose	
  that	
  this	
  is	
  directly	
  linked	
  to	
  the	
  path	
  of	
  good	
  stereoscopic	
  continuation	
  f 	
  that	
  

disparityOgrouping	
  degrades	
  depth.	
  8$!")!('))"2.%9!3'+%4%&9!$3*$!$3%!*55"$"'0!',!$3%!"0$%&1%5"*$%!

%.%1%0$)!*.'0%!"0$%&,%&%5!+"$3!5%($3!%)$"1*$%)9!*05!$3*$!$3")!&%5-/$"'0!"0!(%&/%"4%5!5%($3!+*)!

-0&%.*$%5!$'!$3%!5")(*&"$:!&%.*$"'0)3"()!(%&!)%7!80!(*&$!$+'!',!$3")!%=(%&"1%0$9!8!%4*.-*$%5!$3")!('))"2"."$:7!!
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!"#$%&'()*!!!Subjective	
  ratings	
  for	
  the	
  stimulus	
  configurations	
  presented	
  in	
  Experiment	
  5.1.1.	
  Eleven	
  

observers	
  rated	
  stimuli	
  presented	
  in	
  a	
  stereoscope	
  at	
  the	
  largest	
  test	
  disparity	
  (0.4°).	
  Each	
  condition	
  was	
  

rated	
  for	
  monocular	
  and	
  binocular	
  viewing.	
  Error	
  bars	
  represent!g!one	
  standard	
  error	
  of	
  the	
  mean.!

!

!

5.3	
  	
  	
  	
  Experiment	
  5.1.2	
  	
  	
  $

5.3.1	
  	
  Introduction!

As	
  outlined	
  in	
  Experiment	
  5.1.1,	
  there	
  was	
  a	
  significant	
  reduction	
  in	
  perceived	
  depth	
  from	
  disparity	
  

between	
  two	
  dots	
  when	
  intervening	
  elements	
  were	
  added	
  on	
  a	
  linear	
  path	
  through	
  depth.	
  This	
  may	
  be	
  

related	
  to	
  the	
  operation	
  of	
  perceptual	
  grouping	
  via	
  good	
  stereoscopic	
  continuation;	
  alternatively,	
  the	
  

reduction	
  may	
  simply	
  be	
  related	
  to	
  the	
  2OD	
  cues	
  present	
  by	
  virtue	
  of	
  more	
  dots.	
  In	
  Experiment	
  5.1.2,	
  I	
  

evaluated	
  the	
  importance	
  of	
  good	
  stereoscopic	
  continuation	
  using	
  a	
  5Odot	
  configuration	
  and	
  varied	
  the	
  

smoothness	
  of	
  the	
  disparity	
  profile.	
  The	
  benefit	
  of	
  using	
  dots	
  as	
  the	
  stimulus	
  was	
  that	
  the	
  magnitude	
  of	
  

the	
  jitter	
  could	
  !"#$%&'()*%+",#easier	
  than	
  !"#$!!"#$%"&'()*)$&+,-*'!+#+."#+*())"/$&0*12(&'$.$3('$"&*".*

different	
  levels	
  of	
  jitter.	
  By	
  controlling	
  the	
  2O!"#$%&"'(%&%)*"+)"*,%"-.*"'/*,0"!!!"#$%!!"#$%&'()"&*#!"#!$!"#

observed	
  effect	
  of	
  good	
  stereoscopic	
  continuation	
  was	
  related	
  to	
  the	
  disparityOrelationships,	
  perhaps	
  

disparityObased	
  grouping.	
  !"#!""#$%&'('"%)"*+)$)",&+,-.&+",$/.s	
  critical	
  to	
  the	
  degraded	
  depth	
  effect	
  in	
  

the	
  preceding	
  experiment,	
  then	
  jittering	
  the	
  disparity	
  of	
  the	
  central	
  elements	
  should	
  eliminate	
  the	
  effect	
  

and	
  restore	
  depth	
  magnitude	
  estimates	
  to	
  levels	
  reported	
  for	
  isolated	
  elements.	
  !"#$%$&'!!"#$%&#
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reduction	
  in	
  perceived	
  !"#$%&'""(&)(&*+#",)-"($&./0/0&12s	
  due	
  to	
  the	
  presence	
  of	
  additional	
  elements,	
  

the	
  pattern	
  of	
  results	
  should	
  be	
  similar	
  for	
  all	
  conditions.	
  !

!

!"#"$%%%%%%Stimuli	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  !

!"#$%&'()*+$,-"&.(/&'"(/,0"-&120&(&3Odot	
  array	
  with	
  continuous	
  and	
  discontinuous	
  disparity	
  gradients,	
  

depicted	
  in	
  Figure	
  5.4.	
  Two	
  discontinuous	
  disparity	
  profiles	
  were	
  assessed,	
  defined	
  by	
  different	
  levels	
  of	
  

jitter.	
  The	
  continuous	
  disparity	
  contour	
  was	
  generated	
  as	
  described	
  in	
  Experiment	
  5.1.1:	
  intermediate	
  

!"#$%&'('%)"$*#*"+'!%*+%!')#,%-.%!*/*!*+0%#,'%!*$)1(*#.%-'#&''+%#,'%'+!%)"*+#$%*+%'2314%)1(#$5%6+%#,'%

discontinuous	
  conditions,	
  the	
  binocular	
  position	
  of	
  each	
  intermediate	
  dot	
  was	
  randomly	
  jittered	
  in	
  depth	
  

(in	
  the	
  ZOaxis	
  only)	
  relative	
  to	
  the	
  continuous	
  plane.	
  For	
  ease	
  of	
  explication,	
  disparity	
  jitter	
  is	
  described	
  

relative	
  to	
  a	
  linear	
  interpolation	
  in	
  depth	
  between	
  the	
  disparities	
  of	
  the	
  end	
  dots.	
  The	
  jitter	
  step	
  limit	
  

was	
  25%	
  of	
  the	
  total	
  disparity	
  in	
  each	
  direction	
  (crossed,	
  uncrossed)	
  which	
  corresponded	
  to	
  half	
  of	
  the	
  

total	
  disparity	
  range	
  in	
  a	
  given	
  run	
  (test	
  disparities:	
  0.08°,	
  0.16°,	
  0.24°,	
  0.32°	
  and	
  0.4°).	
  Figure	
  5.4	
  

illustrates	
  the	
  three	
  conditions,	
  the	
  continuous	
  disparity	
  profile	
  and	
  example	
  profiles	
  for	
  the	
  

discontinuous	
  conditions	
  (low	
  and	
  high).	
  To	
  generate	
  low	
  disparity	
  jitter,	
  each	
  dot	
  was	
  repositioned	
  by	
  

one	
  ‘step’	
  on	
  either	
  side	
  of	
  the	
  original	
  position	
  on	
  the	
  continuous	
  plane.	
  The	
  position	
  of	
  each	
  

intermediate	
  element	
  was	
  selected	
  pseudoOrandomly	
  from	
  disparities	
  ranging	
  from	
  ±	
  25%	
  of	
  the	
  test	
  

disparity	
  (Figure	
  5.4B).	
  To	
  create	
  high	
  jitter,	
  each	
  dot	
  was	
  reOpositioned	
  by	
  more	
  than	
  one	
  step,	
  but	
  was	
  

constrained	
  to	
  not	
  extend	
  beyond	
  the	
  depth	
  of	
  the	
  end	
  dots	
  (Figure	
  5.4C).	
  In	
  this	
  instance,	
  the	
  disparity	
  

sign	
  of	
  the	
  elements	
  neighbouring	
  the	
  outer	
  test	
  dots	
  would	
  be	
  reversed.	
  In	
  both	
  jitter	
  conditions,	
  

element	
  position	
  was	
  determined	
  according	
  to	
  these	
  rules,	
  with	
  two	
  additional	
  constraints:	
  no	
  element	
  

was	
  positioned	
  along	
  the	
  original	
  (linear)	
  path	
  and	
  no	
  dot	
  extended	
  beyond	
  the	
  disparity	
  of	
  the	
  end	
  

dots.	
  The	
  disparity	
  gradient	
  limit	
  was	
  never	
  violated	
  within	
  the	
  path.	
  Note	
  that	
  in	
  all	
  conditions,	
  the	
  path	
  

dot	
  density	
  was	
  constant	
  (ie:	
  five	
  identical	
  dots	
  aligned	
  horizontally);	
  the	
  differences	
  in	
  the	
  appearance	
  

of	
  the	
  contours	
  arose	
  from	
  disparity	
  alone.	
  	
  	
  	
  $ $ $
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Figure	
  5.4.	
  !!"#$%&'(")*)"+$),"-."/0)"/)(/"1-2&$/$-2("$2"345)%$6)2/"5.1.!"#$%&'()'(&#'&*+,-*'.#*/'#.'0*/#

between	
  the	
  outer	
  test	
  dots	
  in	
  horizontal	
  contours	
  of	
  5	
  dots.	
  The	
  dashed	
  line	
  indicates	
  a	
  linear	
  path	
  in	
  

depth	
  between	
  the	
  two	
  end	
  dots.	
  Three	
  conditions	
  were	
  assessed,	
  defined	
  by	
  different	
  depth	
  profiles.	
  (A)	
  

!"#$%#&"&'()%!"#$%&'()*#+,-(./%0-(&*#&(1!-2(%+(34"-$%5-+&(5.1.1!.	
  (B)	
  and	
  (C)	
  depict	
  possible	
  versions	
  of	
  

!"##$%$&'()*&"#")*+,'-.$%$'&)#+'-$%$'%$/)+"#")*$&'"*'&$/#.'0(()%&"*1'#)'#.$'()*+#%0"*#+')2#3"*$&'"*'#.$'

text.	
  Solid	
  grey	
  lines	
  represent	
  the	
  maximum	
  displacement	
  i!"#$%&'"(#)*%+,)&-".)&&$,/0"(1/"23".)&&$,"(4/"

‘Low’	
  jitter,	
  (C)	
  ‘High’	
  jitter.	
  $
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Figure	
  5.5.	
  Perceived	
  depth	
  for	
  a	
  5-­‐dot	
  contour	
  as	
  a	
  function	
  of	
  depth	
  offset	
  for	
  three	
  disparity	
  profiles:	
  

continuous	
  (orange	
  open	
  squares),	
  discontinuous	
  low	
  jitter	
  (red	
  closed	
  circles)	
  and	
  discontinuous	
  high	
  

jitter	
  (green	
  closed	
  squares).	
  Perceived	
  depth	
  for	
  two	
  isolated	
  dots	
  (blue	
  open	
  circles)	
  are	
  included	
  for	
  

comparison.	
  The	
  abscissa	
  shows	
  the	
  theoretical	
  depth,	
  and	
  the	
  ordinate	
  shows	
  the	
  estimated	
  depth.	
  The	
  

dashed	
  line	
  indicates	
  a	
  gain	
  of	
  one	
  and	
  error	
  bars	
  show	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.$

$

$

!"#$#%&#$'()$%$'**#$)%)"+)%*,,-%$)#&#,$.,/0.%.,1)01'+)0,1%0$%a	
  critical	
  determinant	
  of	
  depth	
  

magnitude.	
  For	
  the	
  same	
  5Odot	
  stimulus	
  the	
  amount	
  of	
  estimated	
  depth	
  was	
  dependent	
  on	
  the	
  profile	
  

through	
  depth.	
  That	
  this	
  is	
  related	
  to	
  disparityOgrouping	
  is	
  shown	
  in	
  the	
  subjective	
  ratings	
  for	
  these	
  

patterns,	
  shown	
  in	
  Figure	
  5.6.	
  For	
  all	
  5Odot	
  paths,	
  the	
  monocular	
  image	
  rated	
  very	
  high	
  for	
  all	
  observers	
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possessing	
  good	
  stereo	
  continuation	
  remained	
  high	
  (9.8).	
  !"#$%$&'	
  jittering	
  the	
  depth	
  of	
  the	
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outer	
  elements.	
  This	
  may	
  have	
  produced	
  exaggerated	
  depth	
  estimates	
  as	
  previous	
  studies	
  ha!"#shown	
  

that	
  larger	
  disparity	
  gradients	
  enhance	
  perceived	
  depth	
  (Bülthoff!"!"#$%&!"#$$#%&!

!"#$%!"#$#%&'()'*)%+'),'%-)!"#$%&'(#)*!"#$%&'&!()*!"#$%&'#(%)("#*+#()(,%#-#.#("/%&#!"#
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disparity	
  gradient)	
  that	
  are	
  presumed	
  to	
  occur	
  at	
  early	
  stages	
  of	
  visual	
  processing.	
  Because	
  the	
  outer	
  

dots	
  remain	
  at	
  a	
  fixed	
  relative	
  disparity	
  for	
  all	
  disparity	
  profiles,	
  the	
  disparity	
  gradient	
  between	
  them	
  did	
  

not	
  change	
  when	
  jitter	
  was	
  applied	
  to	
  the	
  intermediate	
  dots.	
  While	
  the	
  application	
  of	
  large	
  amounts	
  of	
  

jitter	
  may	
  introduce	
  disparity	
  gradient	
  violations	
  between	
  neighbouring	
  intermediate	
  elements,	
  the	
  

resultant	
  diplopia	
  should	
  degrade,	
  not	
  enhance,	
  perceived	
  depth	
  (Wilcox	
  &	
  Allison,	
  2009).	
  In	
  addition,	
  

given	
  that	
  other	
  potential	
  local	
  influences,	
  such	
  as	
  conflicting	
  depth	
  cues	
  (perspective),	
  assimilation,	
  or	
  

normalization	
  to	
  the	
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Figure	
  5.7	
  	
  	
  	
  	
  Examples	
  of	
  visual	
  search	
  displays	
  for	
  6,	
  10	
  and	
  14	
  items.	
  All	
  contours	
  were	
  composed	
  of	
  5-­‐

dots	
  with	
  equal	
  lateral	
  separation	
  (images	
  are	
  not	
  to	
  scale).	
  Search	
  displays	
  were	
  presented	
  within	
  a	
  

fixed	
  distribution	
  zone	
  centred	
  on	
  the	
  mid-­‐point	
  of	
  the	
  screen.	
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Figure	
  5.8	
  	
  	
  	
  Search	
  accuracy	
  as	
  a	
  function	
  of	
  number	
  of	
  paths	
  for	
  two	
  viewing	
  conditions:	
  the	
  left-­‐eye	
  

image	
  of	
  the	
  disparate	
  stereo	
  pair	
  (yellow	
  circles)	
  and	
  binocular	
  viewing	
  with	
  all	
  stimuli	
  at	
  zero-­‐disparity	
  

(blue	
  squares).	
  Chance	
  performance	
  is	
  depicted	
  by	
  the	
  grey	
  dashed	
  line.	
  Errors	
  bars	
  show	
  ±	
  one	
  SEM.	
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Figure	
  5.9.	
  	
  	
  Search	
  results	
  (reaction	
  time)	
  for	
  Experiment	
  5.2.	
  (A)	
  Search	
  performance	
  for	
  5-­‐dot	
  contours	
  

with	
  a	
  continuous	
  (blue	
  squares)	
  or	
  jittered/discontinuous	
  (red	
  squares)	
  depth	
  profile.	
  (B)	
  3-­‐dot	
  contours	
  

with	
  a	
  continuous	
  depth	
  profile	
  (orange	
  circles)	
  or	
  jittered	
  profile	
  (green	
  circles),	
  with	
  the	
  5-­‐dot	
  results	
  re-­‐

plotted	
  for	
  comparison.	
  Error	
  bars	
  represent	
  ±	
  one	
  standard	
  error	
  of	
  the	
  mean.	
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  the	
  second	
  

experiment,	
  I	
  confirmed	
  the!hypothesis	
  that	
  the	
  visual	
  system	
  can	
  capitalize	
  on	
  good	
  continuation	
  in	
  

depth	
  to	
  enhance	
  performance	
  in	
  a	
  visual	
  search	
  task.	
  The	
  stimuli	
  were	
  deliberately	
  designed	
  to	
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or	
  binocularly	
  at	
  zero	
  disparity.	
  Targets	
  and	
  distractors	
  could	
  only	
  be	
  distinguished	
  by	
  their	
  disparity	
  

profiles.	
  A	
  path	
  of	
  dots	
  that	
  traverses	
  depth	
  along	
  a	
  linear	
  trajectory	
  was	
  detected	
  more	
  rapidly	
  than	
  a	
  

target	
  that	
  had	
  sharp	
  disparity	
  discontinuities.	
  The	
  search	
  results	
  provided	
  strong	
  support	
  for	
  the	
  critical	
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advantage	
  comes	
  at	
  the	
  cost	
  of	
  perceived	
  depth	
  magnitude.	
  !
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K"..*19![7!Z79!K&'4%9!_7!?79!e!V*:5%09!Z7!BNaEaI7!J3%!&'.%!',!&%1'$%!/.')-&%!"0!$3%!(%&/%($"'0!',!'//.-)"'0!!

! *$!6-0/$"'0)!*05!"..-)'&:!/'0$'-&)7 !Perception9!39BNI9!E^d7!

K"..*19![79!e!Y:*09!]7!BEFFNI7!_%&)(%/$"4%9!'&"%0$*$"'0!5")(*&"$:9!*05!*0")'$&'(:!"0!)$%&%')/'("/!).*0$!!

! (%&/%($"'07!Perception,	
  21B^I9!^NÒ̂HF7!!
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#*:"19![79!W%)$3%"1%&9!K79!e!;%&M'>9!?7!;7!BNaaGI7!]'0$&*)$!('.*&"$:9!/3&'1*$"/"$:9!*05!)$%&%')/'("/!!

! 5%($3!1'5-.*$%!/'0$%=$-*.!"0$%&*/$"'0)!"0!4%&0"%&!*/-"$:7!Journal	
  of	
  Vision9!G!BGICEN9!Ef !F7!

#3"(.%:9!J7!<79!e!D%..1*09!_7!Z7!BNaaHI7!['-05*&:!/'1(.%$"'0!"0!"..-)'&:!/'0$'-&)C!80$%&('.*$"'0!'&!!

! %=$&*('.*$"'0r7!Perception9!32BGI9!FGdOEaaa7!

#'-)*9!Y79![&%00%&9!Q79!e!#1%%$)9!Z7![7!BNaaFI7!#.*0$!/-%!*&%!/'12"0%5!%*&.:!"0!4")-*.!(&'/%))"0>C!!

! Q4"5%0/%!,&'1!4")-*.!)%*&/37!Vision	
  research9!49BNI9!NdÒNcE7!!
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