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Relatório	
  Final	
  de	
  execução	
  do	
  projeto	
  (relatório	
  de	
  
despesas	
  no	
  final	
  do	
  documento)	
  
	
  
Concerning	
  the	
  Project	
  “MULTIMODAL	
  MAPPING	
  OF	
  VISUAL	
  MOTION	
  
PERCEPTUAL	
  DECISION:	
  DISSECTING	
  THE	
  ROLE	
  OF	
  DIFFERENT	
  MOTION	
  
INTEGRATION	
  AREAS	
  IN	
  VISUAL	
  SURFACE	
  RECONSTRUCTION”	
  the	
  project	
  has	
  
accelerated	
  and	
  finalized	
  its	
  execution	
  faster	
  than	
  was	
  expected.	
  
	
  
General	
  Summary	
  
	
  
Background	
  
Neural	
  models	
  of	
  perceptual	
  decision	
  are	
  often	
  studied	
  using	
  bistable	
  perceptual	
  
decision	
  paradigms.	
  One	
  can	
  address	
  this	
  issue	
  by	
  taking	
  advantage	
  of	
  the	
  known	
  
problem	
  that	
  the	
  brain	
  needs	
  to	
  disambiguate	
  local	
  motion	
  signals	
  that	
  might	
  
arise	
  from	
  single	
  or	
  multiple	
  surfaces.	
  
	
  Aim	
  of	
  the	
  study	
  
We	
  first	
  asked	
  whether	
  hMT+	
  is	
  pivotal	
  for	
  perceptual	
  integration	
  of	
  	
  motion	
  
signals	
  in	
  terms	
  of	
  bottom-­‐up	
  vs	
  top-­‐down	
  interactions.	
  Moreover,	
  if	
  hMT+	
  is	
  
indeed	
  a	
  causal	
  hub	
  in	
  the	
  decision-­‐making	
  network,	
  then	
  it	
  should	
  also	
  provide	
  
long	
  range	
  integration	
  at	
  the	
  inter	
  hemispheric	
  level,	
  which	
  is	
  a	
  testable	
  
prediction.	
  We	
  tested	
  whether	
  one	
  can	
  find	
  fingerprints	
  of	
  perception	
  related	
  
neural	
  coherence.	
  Finally,	
  we	
  aimed	
  to	
  elucidate	
  the	
  general	
  relation	
  between	
  
sensory	
  and	
  decision	
  modules	
  within	
  saliency	
  and	
  frontoparietal	
  networks.	
  
Methods	
  
We	
  combined	
  EEG	
  and	
  fMRI	
  methods,	
  to	
  understand	
  perceptual	
  decision	
  
mechanisms,	
  their	
  neural	
  correlates	
  and	
  functional	
  connectivity	
  (with	
  a	
  focus	
  on	
  
interhemispheric	
  interactions)	
  	
  
	
  Results	
  	
  
We	
  found	
  out	
  that	
  human	
  hMT+	
  is	
  a	
  causal	
  hub	
  which	
  contributes	
  to	
  maintain	
  
perceptual	
  representations	
  when	
  other	
  competing	
  percepts	
  are	
  available	
  for	
  
cognition.	
  We	
  further	
  confirmed	
  the	
  prediction	
  that	
  it	
  should	
  also	
  subserve	
  long	
  
range	
  perceptual	
  integration,	
  through	
  increased	
  interhemispheric	
  connectivity	
  
between	
  left/right	
  .hMT+.	
  EEG	
  data	
  revealed	
  that	
  bound	
  perceptual	
  
interpretations	
  relate	
  with	
  parietal	
  beta	
  power	
  under	
  ambiguous	
  conditions.	
  
Together	
  with	
  our	
  findings	
  using	
  other	
  decision	
  paradigms	
  inside	
  and	
  outside	
  
the	
  visual	
  domain,	
  we	
  show	
  a	
  modular	
  architecture	
  of	
  perceptual	
  decision-­‐
making	
  network.	
  
Conclusions	
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Our	
  work	
  provides	
  a	
  clearcut	
  functional	
  segregation	
  at	
  different	
  time	
  scales,	
  
between	
  sensory	
  representations,	
  and	
  the	
  role	
  of	
  the	
  general	
  decision	
  modules	
  
within	
  saliency	
  and	
  frontoparietal	
  networks.	
  
	
  
Conceptual	
  advances:	
  
	
  
	
  
Milestone	
  1	
  –	
  identifying	
  a	
  causal	
  hub	
  in	
  perceptual	
  decision:	
  the	
  visual	
  
complex	
  hMT+,	
  which	
  is	
  critical	
  in	
  maintenance	
  of	
  perceptual	
  
respresentations,	
  in	
  a	
  bottom-­‐up	
  manner	
  
Question	
  1:	
  Inferring	
  two-­‐stage	
  decision	
  models	
  (from	
  local	
  to	
  global	
  pattern	
  
motion	
  at	
  the	
  interhemispheric	
  level)	
  and	
  their	
  neural	
  correlates	
  from	
  bistable	
  
perceptual	
  decision:	
  linking	
  levels	
  of	
  analysis	
  and	
  multiple	
  methods.	
  	
  
Concerning	
  this	
  research	
  question,	
  we	
  were	
  able	
  to	
  answer	
  the	
  question	
  which	
  
brain	
  regions	
  subserve	
  motion	
  integration	
  and	
  surface	
  reconstruction.	
  In	
  this	
  
work	
  we	
  were	
  also	
  able	
  to	
  unravel	
  the	
  role	
  of	
  top-­‐down	
  regions	
  in	
  the	
  parietal	
  
and	
  frontal	
  lobe	
  (Duarte	
  et	
  al.,	
  published	
  in	
  Human	
  Brain	
  Mapping	
  in	
  2017,	
  as	
  
one	
  of	
  the	
  main	
  results	
  of	
  this	
  project).	
  We	
  found	
  that	
  hMT+	
  is	
  involved	
  in	
  
perceptual	
  maintenance.	
  Granger	
  causality	
  analysis	
  showed	
  that	
  this	
  region	
  
shows	
  directed	
  influences	
  to	
  higher	
  brain	
  regions	
  during	
  stable	
  perception	
  
periods.	
  Perceptual	
  switches	
  may	
  be	
  triggered	
  by	
  activity	
  in	
  higher	
  level	
  regions,	
  
which	
  seem	
  therefore	
  to	
  have	
  a	
  role	
  only	
  during	
  transitions.	
  
The	
  rationale	
  of	
  study	
  stems	
  from	
  the	
  well	
  known	
  problem	
  that	
  the	
  visual	
  brain	
  
needs	
  to	
  solve	
  disambiguation	
  problems,	
  as	
  instantiated	
  by	
  local	
  motion	
  signals	
  
that	
  might	
  arise	
  from	
  single	
  or	
  multiple	
  surfaces.	
  The	
  hMT+	
  complex	
  is	
  pivotal	
  
for	
  perceptual	
  integration	
  of	
  local	
  within-­‐hemisphere	
  motion.	
  However,	
  the	
  role	
  
of	
  distinct	
  visual	
  regions	
  in	
  decision	
  at	
  the	
  higher	
  inter	
  hemispheric	
  level	
  and	
  
their	
  top-­‐down	
  modulation	
  also	
  needed	
  to	
  be	
  elucidated.	
  We	
  could	
  prove	
  that	
  
interhemipheric	
  integration	
  is	
  also	
  promoted	
  by	
  this	
  region,	
  further	
  proving	
  its	
  
role	
  as	
  a	
  causal	
  hub.	
  
Neuroimaging	
  helped	
  us	
  validate	
  which	
  neural	
  regions	
  and,	
  at	
  a	
  fined	
  scale,	
  
columns	
  (using	
  high	
  field	
  scanners	
  at	
  7T,	
  Sousa	
  et	
  al.,	
  under	
  submission	
  to	
  the	
  
Journal	
  of	
  Neuroscience,	
  see	
  milestone	
  2)	
  were	
  critical	
  in	
  such	
  perceptual	
  
decision	
  mechanisms.	
  
	
  
	
  
Milestone	
  2	
  	
  
Question	
  2:	
  Can	
  neuroimaging	
  test	
  perceptual	
  decision	
  mechanisms	
  at	
  the	
  
columnar	
  level?	
  	
  
We	
  aimed	
  to	
  further	
  map	
  bistable	
  perception	
  on	
  MT	
  columns,	
  using	
  our	
  
paradigm.	
  One	
  outstanding	
  question	
  was	
  whether	
  one	
  can	
  relate	
  the	
  switches	
  
between	
  the	
  two	
  perceptual	
  representations	
  to	
  the	
  known	
  columnar	
  
organization	
  of	
  the	
  mammalian	
  cortex.	
  Testing	
  occurred	
  at	
  7	
  T	
  (facilities	
  at	
  
Maastricht	
  Brain	
  Imaging	
  Center)	
  and	
  we	
  found	
  evidence	
  that	
  perceptual	
  
decision	
  domains	
  are	
  present	
  in	
  human	
  MT	
  complex,	
  which	
  are	
  related	
  to	
  
columnar	
  motion	
  direction	
  domains.	
  The	
  test	
  of	
  perceptual	
  decision	
  making	
  
mechanisms	
  at	
  the	
  columnar	
  level	
  provided	
  a	
  tantalizing	
  link	
  between	
  
neuroimaging	
  and	
  neurophysiological	
  models.	
  MT	
  is	
  involved	
  in	
  the	
  decision	
  
between	
  either	
  single	
  or	
  multiple	
  perceptual	
  solutions,	
  suggesting	
  that	
  its	
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columnar	
  motion	
  maps	
  can	
  hold	
  uni	
  or	
  multi-­‐modal	
  (2)	
  active	
  representations.	
  
This	
  allowed	
  to	
  test	
  at	
  the	
  columnar	
  level	
  the	
  hypotheses	
  tested	
  in	
  exp.	
  1.	
  
	
  
Milestone	
  3	
  
Question	
  3-­‐	
  Can	
  we	
  find	
  fingerprints	
  of	
  perception	
  related	
  neural	
  coherence	
  at	
  
different	
  time	
  scales?	
  Experiment	
  3	
  	
  
We	
  took	
  advantage	
  of	
  the	
  combination	
  of	
  methods,	
  EEG	
  and	
  fMRI,	
  to	
  have	
  a	
  
integrated	
  understanding	
  of	
  perceptual	
  decision	
  mechanisms,	
  their	
  neural	
  
correlates	
  and	
  functional	
  connectivity	
  (with	
  a	
  focus	
  on	
  interhemispheric	
  
interactions)	
  at	
  two	
  time	
  scales	
  (second	
  -­‐	
  fMRI	
  and	
  millisecond	
  -­‐	
  EEG),	
  within	
  
and	
  across	
  hemispheres.	
  We	
  could	
  in	
  this	
  way	
  relate	
  neural	
  activity	
  patterns	
  
with	
  models	
  of	
  perceptual	
  inference.	
  Both	
  EEG/ERP	
  and	
  fMRI	
  analyses	
  were	
  
performed	
  on	
  epochs	
  covering	
  event	
  onset	
  (perceptual	
  switches).	
  Periods	
  of	
  
stable	
  perception	
  (coherent/non-­‐coherent	
  were	
  analysed	
  with	
  a	
  block	
  design	
  
model	
  in	
  relation	
  with	
  beta	
  and	
  gamma	
  activity	
  patterns	
  studied	
  by	
  time	
  
frequency	
  analysis.	
  	
  These	
  results	
  were	
  published	
  in	
  the	
  Journal	
  of	
  Cognitive	
  
Neuroscience	
  as	
  one	
  landmark	
  paper	
  from	
  these	
  project).	
  	
  The	
  main	
  finding	
  of	
  
this	
  part	
  of	
  the	
  project	
  is	
  that	
  beta	
  power	
  increases	
  in	
  the	
  parietal	
  lobe	
  is	
  tightly	
  
linked	
  with	
  bound	
  perceptual	
  configurations.	
  
	
  
Finally,	
  our	
  work	
  helped	
  substantiate	
  the	
  modular	
  architecture	
  of	
  perceptual	
  
decision	
  making	
  networks,	
  from	
  sensory	
  and	
  perceptual	
  levels,	
  to	
  evidence	
  
accumulation,	
  and	
  action	
  selection	
  networks	
  under	
  ambiguous/conflicting	
  
conditions.	
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