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Associatin g W h a t  a n d W h e r e U s i n g T e m p o r a l  C u e s 

Nige l  H .  Goddar d 
Pittsburg h Supercomputin g Cente r 

440 0 Fift h Avenu e 

Pittsburgh ,  P A 1521 3 

ngoddard®psc.ed u 

A b s t r a c t 

Johansson showed that people can recognize hunicin 

gait s fro m brie f  presentatio n o f  onl y a  fe w movin g 

dots .  A  recentl y constructe d connectionis t  model , 

M A R S,  i s th e firs t  progra m o f  an y typ e t o mode l  thi s 

phenomenon .  On e o f  th e ke y ideai s i s tha t  a n associ -

atio n i s forme d betwee n visua l  action s an d spatia l  lo -

cations .  Simulation s sho w tha t  i n M A R S th e cissocia -

tio n mechanis m i s necessar y fo r  reliabl e recognitio n o f 

multipl e Jw:tions ,  an d tha t  th e action-recognitio n pro -

ces s an d th e locatio n associatio n proces s ax; t  i n con -

sor t  t o arriv e a t  a  stabl e interpretatio n o f  th e imag e 
sequence .  Associatio n betwee n locatio n an d actio n i s 

performe d i n a  spatiotopi c networ k o f  cell s tha t  spe -

cializ e i n detectin g tempora l  synchron y betwee n vi -

sua l  event s i n th e scen e an d prediction s generate d b y 

activ e model s o f  action s hel d i n memory .  Th e mode l 
suggest s tha t  suc h a  mechanis m m a y b e use d t o buil d 

and maintai n association s acquire d sequentially . 

A c t i o n R e c o g n i t i o n 

Perception of articulated motion from impoverished 
imag e sequence s ha s bee n repeatedl y demonstrate d 

by psychologist s (e.g. ,  (Johansson ,  1973)) .  C o m m on 

action s suc h ci s walkin g an d runnin g ca n b e recog -

nize d wit h 50 0 mse c presentatio n o f  thes e imag e se -

quences .  Actio n recognitio n i s a  primar y visua l  abil -

ity ,  ye t  i t  ha s receive d littl e attentio n i n th e modelin g 

literature .  I n (Goddard ,  1992 )  I  presente d a  cognitiv e 

model  o f  thi s recognitio n ability ,  calle d M A R S.  Her e I 

describ e i n detai l  th e on e o f  th e majo r  connectionist ^ 

mechanism s use d i n M A R S an d demonstrat e it s func -

tio n i n th e recognitio n process .  Thi s attention-lik e 

WHAT WHERE 

^Unlik e m a n y connectionis t  models ,  thi s on e in -

volve s n o learning ,  link s betwee n connectionis t  unit s 
ar e labeled ,  ther e ar e severa l  classe s o f  uni t  func -

tions ,  cin d eac h uni t  hci s a  significan t  amoun t  o f  stat e 

information . 

SCENARIOS 

// /  r  r  r  r  rjr i 
^  imag e 3 2 

ASSOCIATION 

VISUAL 
FEATURES 

Figur e 1 :  M A RS Architectur e 

mechanis m give s MARS th e capabilit y  t o identif y 
multipl e action s occurrin g simultaneousl y i n a  se -
quenc e o f  "retinal "  images .  Becaus e o f  capacit y lim -

itations ,  M A R S require s th e mechanis m t o associat e 

ezw: h actio n wit h a  particula r  visua l  location .  Neu -

rologica l  evidenc e suggest s tha t  th e inabilit y t o rec -

ogniz e simultaneousl y presente d object s [simulianag -

nosicL )  m a y b e relate d t o th e impairmen t  o f  suc h a n 

eissociatio n mechanis m (Coslet t  an d Saifran ,  1991) . 

M A R S 's (Figur e 1 )  consist s o f  thre e modules :  1 ) 

a visua l  featur e hierarch y tha t  analyze s imag e se -

quence s fo r  stati c an d motio n parameters ,  2 )  a  hig h 
leve l  representatio n o f  actions ,  th e scenari o hierarch y 

an d 3 )  a n associatio n m a p ( A M )  whic h eissociate s ac -

tion s wit h spatia l  locations .  Conside r  th e exampl e 

of  presentatio n o f  a  Johansson-lik e displa y o f  a  per -

so n walking .  Thes e display s consis t  merel y o f  a  do t 

at  th e locatio n o f  eac h lim b join t  (hip ,  knee ,  ankle , 

etc) .  Th e imag e sequenc e ca n b e analyze d t o recove r 

trajectorie s o f  th e dot s (Olson ,  1989) ,  an d th e tra -

jectorie s analyze d t o recove r  th e connecte d lim b seg -
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ments(Rashid ,  1980) .  Thes e transformation s an d fur -

the r  combination s i n th e featur e hierarch y produc e 

as outpu t  comple x visua l  feature s representin g unin -

terprete d feature s i n th e scene ,  fo r  exampl e a  pai r 

of  connecte d lin e segment s movin g relativ e t o eac h 

other .  Thei r  locatio n i s represente d explicitl y  usin g 

an interpolatio n coding .  Th e visua l  feature s inde x 

a hierarchica l  databas e o f  model s o f  action ,  know n 

as scenarios .  Scenario s represen t  n a m e d action s tha t 

constitut e a  geu t  o r  othe r  comple x movement ,  fo r  ex -

ampl e "biped-walking" .  Recognitio n involve s th e sce -

nari o becomin g synchronize d wit h th e actio n i n th e 

scene .  T h e scenari o representatio n doe s no t  encod e 

locatio n information .  Th e A M use s inpu t  fro m th e vi -

su£ d feature s tha t  inde x th e sceneu-ios ,  togethe r  wit h 

th e respons e o f  th e scenuios ,  t o bin d eac h petrtiall y 

activ e scenari o wit h a  spatia l  location .  Thi s bindin g 

allow s location -  an d scenario-specifi c  focu s o f  process -

ing ,  includin g top-dow n primin g o f  expecte d features . 

T h e scenziri o databas e indicate s th e system' s inter -

pretatio n o f  wha t  i s happenin g i n th e scene ,  cin d th e 

A M indicate s wher e i t  i s  happening . 

For  th e purpose s o f  thi s stud y I  implemente d a  m o -

tio n featur e analyze r  an d constructe d scenario s rep -

resentin g thre e gait s usin g a  structure d connectionis t 

network .  T h e representatio n o f  scenario s an d motio n 

feature s i s  describe d i n detcii l  i n (Goddard ,  1992) . 

Her e I  provid e th e brie f  s u m m a r y tha t  i s  necessair y fo r 

understandin g th e uniqu e natur e o f  th e A M .  Th e m o -

tio n featur e pathwa y consist s o f  a  hierarch y o f  retino -

topi c m a p s wit h a  se t  o f  featur e detecto r  cell s dupli -

cate d a t  eac h location .  Receptiv e fiel d siz e increase s 

wit h th e leve l  i n th e hierarchy ,  thu s conformin g t o on e 

of  th e fundamenta l  structure d cispect s o f  th e primat e 

visua l  system :  retinotopi c map s o f  cell s wit h loca l  re -

ceptiv e fields  tha t  increas e i n siz e wit h disteinc e fro m 

th e retina . 

Scencurio s ar e activ e m e m o r y structure s i n th e sens e 
tha t  the y hav e internall y vciryin g activit y tha t  pro -

vide s specifi c  prediction s o f  wha t  wil l  occu r  next ,  an d 

w h en i t  wil l  occur .  A  scenari o i s conceptualize d a s a 

lis t  o f  labele d visua l  event s (base d o n th e wor k i n 

(Rubin ,  1986)) ,  an d th e parameterized  tim e interval s 

betwee n consecutiv e events .  Fo r  cycli c action s suc h a s 

h u m an gaits ,  th e lis t  i s  circular .  A  scenari o i s imple -

mente d usin g tw o type s o f  connectionis t  processin g 

units :  1 )  th e even t  unit ,  whic h combine s prio r  infor -

matio n wit h curren t  evidenc e fo r  th e detectio n o f  a 

particula r  visua l  even t  an d 2 )  th e interva l  uni t  whic h 

use s a n cidaptiv e tempora l  dela y an d smoothin g fil-

te r  t o represen t  th e tim e betwee n tw o event s i n a n 

action . 

Figur e 2  show s a  simpl e scenari o representin g th e 

swingin g o f  a  pendulum .  Ther e ar e tw o even t  unit s 

visua l  feature s 

Figur e 2 :  Scenari o Networ k 

(circular), which detect, respectively, the clockwise 

ein d anti-clockwis e reversa l  o f  directio n o f  rotatio n 

abou t  th e pivot ,  an d tw o intervj J unit s (elliptical) , 

firrange d i n a  cycli c network .  Suppos e ther e i s pen -

dula r  motio n i n th e input .  Uni t  A  detect s th e onse t 

of  clockwis e rotatio n an d respond s wit h transien t  ac -

tivation .  T h e interva l  uni t  B  detect s thi s transient , 

initiate s it s  interna l  clock ,  an d pcisse s th e transien t 

throug h a  tempora l  dela y an d smoothin g function , 

producin g outpu t  a t  approximatel y th e tim e th e nex t 

even t  i s  expecte d t o occur .  Even t  uni t  C  receive s 

thi s primin g activatio n a t  th e sam e tim e a s i t  detect s 

th e onse t  o f  anticlockwis e rotation ,  th e visua l  featur e 

fo r  whic h i t  codes .  I t  combine s th e primin g an d fea -

tur e activatio n t o produc e a  ne w activatio n transient . 

Thi s i n tur n initiate s th e cloc k i n interva l  uni t  D , 

an d th e proces s continue s wit h a  wav e o f  activatio n 

buildin g u p £t s i t  flows  aroun d th e network .  Eac h 

scenari o networ k als o contain s a  summato r  uni t  E , 

whic h monitor s th e activit y o f  th e even t  an d interva l 

unit s t o produc e a n estimat e o f  th e overal l  activatio n 

leve l  i n th e scenario . 

T h e Associatio n M e c h a n i s m 

As high-level memory structures, scenarios axe 

position-independen t  (despaced )  representations .  I n 

connectionis t  visio n systems ,  a s i n biologica l  systems , 

lo w leve l  featur e detector s ar e duplicated ,  eac h cop y 

havin g a  limite d receptiv e field.  Thi s allow s pciralle l 

processin g acros s th e visua l  field  an d i s a n explici t 

representatio n o f  space .  Fo r  position-independen t 

recognitio n activatio n mus t  b e integrate d acros s th e 

visua l  field.  Despace d high-leve l  representation s o f 

object s an d ziction s perfor m thi s integration .  Th e al -

ternative ,  duplicatio n o f  comple x objec t  an d actio n 

representation s acros s th e visuz d field,  woul d requir e 

copiu s hardwar e (units) ,  an d th e proble m o f  learnin g 

ne w object s an d action s woul d b e m a d e eve n harder . 

I n term s o f  th e "what "  an d "where "  distinctio n i n 

th e visua l  syste m (Mishkin ,  Ungerleide r  an d Macko , 
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Assi^iatioa-'Ma p 

Scenari o 
prox y activatin g link s 

Vislia l  Feature s / -» -  top-dow n primin g 

^v,.""\, . -*» -  bottom-u p focu s 

Figur e 3 :  Associatio n M a p :  Structur e an d Functio n 

1983) ,  I  postulat e tha t  scenario s ar e einalyze d primar -

il y  i n th e "what "  pathway .  Scenario s m c a n extensio n 

of  th e stati c concep t  o f  "what "  t o includ e th e dynami c 

notio n "what' s happening" .  Despace d scenfuri o rep -

resentation s ax e devoi d o f  locatio n information ,  bu t 

locatio n informatio n mus t  b e represente d somewher e 

and associate d wit h th e centra l  repTeseniation^ .  I n 

M A RS th e A M perform s thi s representatio n an d asso -

ciatio n function ,  encodin g wha t  i s happenin g where . 
A M informatio n i s use d t o focu s bottom-u p flow  o f 

activatio n fro m particula r  location s i n th e visua l  fea -

tur e m a p s t o particula r  centra l  scenari o representa -

tions ,  an d t o focu s primin g activatio n i n th e revers e 

direction .  T h e connectio n wit h selectiv e attentio n i s 

discusse d furthe r  below ,  bu t  first  I  describ e th e struc -

tur e an d functio n o f  th e A M . 

S t ruc tu r e 

The AM is organized as a spatiotopic map encoding 

locatio n an d action .  I t  i s  beise d o n th e understandin g 

tha t  th e wav e o f  activatio n flowing  aroun d a n activ e 

scenari o networ k i s a  mirro r  o f  th e change s tha t  &i e 

occurrin g i n th e scene .  Therefor e i t  i s  possibl e t o us e 

tempore d synchron y betwee n th e visua l  change s a t 

a locatio n an d th e interna l  change s i n th e scenari o 

networ k a s th e cu e fo r  determinin g a n associatio n 

betwee n th e locatio n an d th e actio n (se e (Goddard , 

1988 )  fo r  a n earl y versio n o f  thi s idea) . 
At  eac h locatio n i n th e A M ther e i s a  se t  o f  prox y 

unit s (Figur e 3  show s tw o proxie s a t  on e location) . 

Each prox y uni t  represent s a  scenario .  It s activa -

tio n indicate s th e degre e o f  belie f  tha t  th e actio n i s 

occurrin g a t  tha t  particula r  locatio n (activatio n flow-

in g aroun d th e scenari o networ k indicate s th e belie f 
tha t  th e actio n i s occurrin g somewher e i n th e scene) . 

Prox y dynamic s ar e describe d below .  Th e proxie s a t 

a give n locatio n i n th e spatiotopi c m a p inhibi t  eac h 

othe r  (Figur e 3) ,  thereb y competin g fo r  activatio n 

fro m featur e detector s a t  th e location . 

F u n c t i o n 

Bottom-up Focus: A proxy modulates the signifi-

canc e t o it s scenari o o f  visua l  feature s a t  it s  location . 

Proxie s hav e activatio n level s i n th e interva l  [—a ,  1.0] , 

0 <  a  <  1.0 ,  wher e polarit y indicate s indicate s evi -

denc e fo r  (positive )  o r  agains t  (negative )  th e actio n 

occurrin g a t  th e locatio n an d magnitud e indicate s th e 

degre e o f  belief ,  s o tha t  th e neutra l  o r  "resting "  leve l 
i s  zero^ .  Positiv e activatio n increjise s th e significanc e 

t o th e scenari o o f  th e visua l  feature s a t  th e location . 

Negativ e activation ,  whic h occur s throug h inhibitio n 

fro m othe r  proxies ,  decrease s th e significance ,  a  de -

termine s th e degre e o f  inhibitio n betwee n proxies ,  a s 
describe d below .  Modulatio n i s achieve d wit h a  lin k 

fro m th e prox y t o eac h o f  th e even t  unit s i n th e sce -

nari o (shade d lin k i n Figur e 3) .  T h e lin k i s labele d 

wit h th e proxy' s location ,  a s ar e th e link s fro m th e 

visua l  featur e unit s t o th e even t  uni t  (shade d link) . 

Th e activatio n Ps, l  fro m th e prox y fo r  scenari o S 
at  locatio n L  multiplicitavel y modulate s th e activ -

it y fro m th e featur e unit s locate d a t  L  b y th e facto r 

( 1 -I -  Ps,l )  whic h i s i n th e rang e [ 1 — a ,  2] .  I n th e 

simulation s o f  gai t  recognition ,  a  vfa s se t  a t  0.5 ,  s o 

tha t  th e modulatio n facto r  wa s alway s i n th e interva l 
[0.5,2] . 

Th e modulatio n facto r  cause s th e scenari o t o "at -

tend "  mor e t o location s wher e it s prox y ha s a n acti -

vatio n abov e restin g leve l  an d t o "neglect "  location s 

^  Prox y activation s ar e passe d throug h a  scalin g 

functio n f{x )  =  ^ ^  fo r  transmissio n t o othe r  units , 

an d it s invers e upo n reception ,  whic h ensure s tha t 
value s p<isse d betwee n unit s ar e alway s i n th e inter -

val  [0,1] .  T h e "resting "  activatio n leve l  i s  the n | . 

Thi s (de)scalin g i s ignore d her e fo r  simplicity . 
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wher e it s prox y i s belo w restin g level .  I n a  scen e 

containin g a  smal l  numbe r  o f  actions ,  th e effec t  i s 

tha t  eac h locatio n wher e ther e i s actio n tend s t o b e 

"owned "  b y on e scenario ,  an d othe r  scenario s activel y 

ignor e tha t  location .  Simulations  showe d tha t  thi s i s 

importan t  i n reducin g interferenc e betwee n action s 

tha t  ar e occurrin g i n differen t  spatia l  location s an d 

thu s increasin g th e abilit y  t o recogniz e concurren t  ac -

tions . 

T o p - d o w n Pr im ing :  Recal l  tha t  th e scenari o net -

wor k conteiin s clocke d interva l  unit s tha t  pas s o n 

primin g activatio n t o th e succeedin g even t  unit .  Thi s 

primin g i s sen t  whe n th e visua l  chang e whic h th e 

even t  code s fo r  i s expecte d t o occur .  Thi s infor -

matio n i s als o use d t o enhanc e th e respons e o f  th e 

visua l  featur e unit s representin g th e chzuig e tha t  i s 

expected ,  prio r  t o th e chang e occurrin g i n th e inpu t 

(hollo w lin k fro m D  i n Figur e 3) .  T h e importanc e o f 

th e A M i n thi s proces s i s tha t  th e associatio n tha t 

has bee n se t  u p betwee n a n actio n an d a  locatio n i s 

use d t o direc t  th e primin g t o th e regio n i n whic h th e 

actio n i s occurrin g (hollo w lin k fro m prox y i n Fig -

ur e 3) .  Thi s predictiv e primin g act s a s a  multiplie r 

on th e unprime d respons e o f  th e featur e unit .  Th e 

multiplicativ e facto r  a t  tim e t  fo r  a  featur e a t  loca -

tio n L  tha t  i s  i s  selecte d b y on e o r  mor e event s i n 

scenari o S  i s 

1 + 0iy/02Ps.Lit)Is{t) + (1 - /?2)/5(<) 

where 7s is the maximum level of priming from inter-

val  unit s i n scenari o S  tha t  predic t  th e feature ,  0 \  i s 

a paramete r  controllin g th e magnitud e o f  th e prim -

in g effect ,  an d /? 2 i s a  paramete r  tha t  control s th e 

modulatin g o f  primin g b y th e prox y activation .  I n 

th e simulation s o f  gai t  recognitio n /? i  an d /S o wer e se t 

t o 0.2 5 an d 0. 7 respectively .  T h e simulation s showe d 

tha t  th e predictiv e primin g significantl y increase d th e 

spee d wit h whic h th e correc t  scenari o wa s activated . 

A M Dynamic s 

A proxy unit has a set of receptive sites^, one for 

eac h even t  it s scenario .  A  sit e receive s inpu t  fro m 

th e even t  uni t  an d succeedin g interva l  uni t  i n th e sce -

nari o an d fro m th e visua l  featur e unit s i n th e featur e 

m ap tha t  th e even t  uni t  i s  selectiv e fo r  (soli d link s i n 

Figur e 3) .  However ,  unlik e th e even t  unit ,  th e prox y 

receive s visua l  featur e inpu t  onl y fro m th e locatio n i t 

represents .  T h e sit e compare s activit y o f  th e even t 

' a uni t  wit h site s ca n b e though t  o f  a s representin g 

a smal l  networ k o f  cells ,  o r  a  singl e cel l  an d dendriti c 

tree . 

Figur e 4 :  Interpolatio n Codin g o f  Locatio n 

uni t  wit h activit y o f  th e featur e units .  I t  assign s a 

valu e whic h i s dependen t  o n simultaneou s transient s 

i n bot h even t  uni t  an d featur e unit s an d o n th e mag -

nitud e o f  thos e transients .  W h e n simultaneou s tran -

sient s ar e detected ,  th e sit e valu e i s th e geometri c 

mean o f  th e tw o magnitudes .  T h e sit e maintain s thi s 

valu e durin g subsequen t  simulatio n cycle s unti l  th e 

subsequen t  even t  ha s bee n primed ,  a s indicate d b y 

th e activatio n arrivin g alon g th e lin k fro m th e inter -

val  uni t  (e.g. ,  uni t  B  i n Figur e 3) ,  a t  whic h tim e th e 

sit e valu e decay s t o zero .  Thi s mechanis m allow s th e 

prox y t o se t  it s  activatio n fro m th e relativel y infre -

quen t  even t  transient s bu t  fo r  th e prox y activatio n 

t o subsid e i f  th e predicte d event s d o no t  occu r  whe n 

expected .  T h e value s compute d b y th e site s ar e com -

bine d i n a  scenario-dependen t  wa y t o produc e th e 

synchron y cu e T(t )  fo r  th e proxy .  I n th e implemen -

tatio n tha t  modele d th e gai t  recognitio n dat a (God -

dard ,  1992 )  th e tw o highes t  sit e value s ar e average d 

t o produc e T{t) . 

T{t )  i s  combine d wit h a n overal l  estimat e S{t )  o f 
th e scenari o activit y provide d b y a  lin k fro m th e sce -

nari o summato r  unit .  Th e prox y activatio n functio n 

i s give n by : 

P5,l(< + ! )  =  (!-7 1 )^5,l(<) + 

71 nt) (72 + (1 - 72)5(0) - a max P.-,i(<) 

wher e 7 1 i s a  paramete r  controllin g th e attac k an d 

deca y rate s o f  th e uni t  an d 7 2 i s a  paramete r  con -

trollin g th e exten t  t o whic h th e scenari o activatio n 

modulate s th e synchron y cue .  T h e latte r  i s  moti -

vate d b y th e observatio n tlia t  i t  make s n o sens e fo r 

Ps.lit )  ( S i s happenin g a t  L )  t o b e highe r  tha n S{t ) 

( 5 i s happenin g somewhere) .  Th e final  ter m i n th e 

activatio n functio n i s th e mutua l  inhibitio n betwee n 

proxie s a t  eac h location ,  controlle d b y th e paramete r 

a introduce d above .  I n th e simulation s o f  gai t  recog -

nition ,  7 1 an d 7 2 wer e se t  t o 0. 1 an d 0. 3 respectivel y 

and recal l  tha t  a  wa s se t  t o 0.5 . 
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activatio n 

30 frame s 

Figure 5: Proxies' Activation Figur e 7 :  Plasticit y 

30 6 0 

Figure 6: Scenarios' Activation 

S i m u l a t i o n s 

For the simulations I acquired human gait data from 

thre e male s an d thre e female s walking ,  runnin g an d 

skipping ,  usin g a  hig h resolutio n imagin g syste m 

(Scholz ,  1989) .  Th e dat a wer e analyze d t o construc t 

scenari o networ k model s o f  th e thre e gaits ,  modelin g 

th e movement s o f  arm s an d leg s a s distinc t  actions . 

Pul l  detail s ar e containe d i n (Goddard ,  1992) ,  her e I 

describ e mor e recen t  simulation s focusin g o n th e A M . 

Locatio n C o d i n g i n th e A M :  Simulation s i n whic h 

singl e action s (e.g. ,  "legs-walking-right" )  wer e pre -

sente d showe d tha t  th e A M code s locatio n informa -

tio n mor e finely  tha n th e resolutio n o f  a  singl e cell .  I n 
Figur e 4 ,  shadin g illustrate s th e activatio n level s o f 

th e prox y unit s fo r  "legs-walking-right "  whe n th e leg s 

wer e i n th e locatio n show n (le g action s wer e modele d 

t o b e "located "  a t  th e hip) .  Figur e 5  show s a  trac e o f 

th e activatio n o f  al l  th e proxie s a t  al l  location s ove r 
tim e (6 0 frames/se c simulated) .  Th e thic k lin e i n Fig -

ur e 5  indicate s th e prox y activatio n fo r  "leg-walking -

right "  a t  th e heavil y shade d locatio n i n Figur e 4 .  Th e 

nex t  highes t  activatio n trac e (0.75 )  i s a t  th e moder -

atel y shade d locatio n an d th e thir d highes t  (0.5 )  i s 
at  th e tw o lightly-shade d locations .  Th e locatio n o f 

th e actio n ca n b e recovere d b y interpolatin g th e ac -

tiv e location s usin g thei r  activatio n a s a  weighting . 

Othe r  proxie s en d u p a t  o r  belo w restin g leve l  (0) . 

W h a t - W h e r e Interaction :  Figur e 6  plot s th e time -

cours e o f  activatio n i n th e scenario s (summato r  out -

put s ar e shown) .  Not e tha t  b y fram e 3 0 i n Fig -

ure s 5  an d 6  th e leadin g trac e show s hig h level s o f 

activatio n an d th e tw o continu e t o ris e together .  Thi s 

Figur e 8 :  Multipl e Action s 

demonstrate s th e locatio n bindin g i n th e eissociatio n 

mechanis m ("where" )  an d th e activatio n o f  scenario s 

("what" )  occurin g i n parallel .  Th e tw o processe s ac t 

cooperativel y t o settl e o n a  consisten t  solution . 

Plasticit y a n d P h a s e Insensitivity :  A  simulatio n 

vfa s ru n t o sho w tha t  th e bindin g i n th e A M i s plastic . 

60 frame s o f  "legs-walking-right "  wer e presented ,  rec -

ognized ,  an d a n associatio n forme d i n th e A M (Fig -

ur e 5) .  Withou t  resettin g th e network ,  6 0 frame s o f 

"legs-running-right "  wer e presente d (Figur e 7) .  Th e 

previou s associatio n die s awa y afte r  abou t  3 0 frame s 

(0. 5 sec )  o f  th e ne w action ,  an d th e correc t  ne w asso -

ciatio n t o "legs-running-right "  (thic k trace )  i s forme d 

soo n thereafter .  Th e A M i s a  plasti c mechanism . 

The scenario s ar e capabl e o f  alignin g themselve s 

wit h th e input ,  independen t  o f  initia l  phas e o f  a n 
action ,  a s describe d i n (Goddard ,  1992) .  T h e A M 

receive s al l  it s  timin g expectation s fro m th e scenario s 

and i s i s therefor e als o insensitiv e t o phase . 

Multipl e Act ions :  T w o action s wer e wer e presente d 

simultaneously .  W h e n th e tw o wer e presente d i n ap -
proximatel y th e sam e location ,  ther e Wci s usuall y to o 

much cros s tal k fo r  th e A M t o establis h an y sce -

nario/locatio n association .  W h e n th e action s wer e 

spatiall y  separated ,  th e A M forme d th e correc t  as -

sociatio n wit h eac h locatio n (Figur e 8) .  Th e thic k 
and thi n line s tha t  asymptot e a t  1. 0 ar e th e activa -

tio n o f  th e proxie s o f  th e tw o action s a t  th e closes t 

A M location .  T h e othe r  pair s a t  abou t  0.7 5 an d 0. 5 

ar e th e correspondin g proxie s a t  th e othe r  A M loca -
tion s use d i n th e interpolation-coding .  I t  take s th e 

A M longe r  t o establis h th e association s whe n tw o ac -

tion s ar e presente d simultaneously .  1  presente d thre e 

spatially-separate d actions ,  an d th e A M too k muc h 

longe r  t o establis h th e associations .  Th e A M i s capa -
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bl e o f  maintainin g multipl e associations ,  bu t  i t  show s 

capacit y limitation s i n esiahliahin g multipl e associa -

tion s i n p£irallel .  Thi s suggest s a  rol e fo r  sequentia l 

attention . 

Se lec t i v e A t t e n t i o n a n d Spo t l i gh t 

Model s 

Focusing visual processing on a particular spatial 

locatio n i s usuall y associate d wit h selectiv e atten -

tion .  Previou s cognitiv e model s hav e propose d a 

singl e "spotlight "  o f  attentio n (e.g ,  (Mozer ,  1991)) , 

perhap s o f  Veiriabl e diameter ,  base d o n perceptua l 

dat a (e.g. ,  (Posncr ,  Snyde r  an d Davidson ,  1980)) . 

Th e Jissociatio n mechanis m outline d her e i s capabl e 

of  forming ,  i n parallel ,  multipl e association s betwee n 

simultaneously-presente d spatially-separate d action s 

emd thei r  locations .  Thu s i t  ca n b e see n a s a  multiple -

spotligh t  mode l  (se e (Shiffrin ,  1988 )  fo r  a  revie w o f 

th e data) .  I t  woul d b e a  relativel y simpl e matte r  t o 

ad d inhibitio n betwee n location s t o restric t  th e mode l 

t o a  singl e spotlight ,  a s i n (Mozer ,  1991) .  Howeve r 

th e simulatio n result s sugges t  anothe r  interpretation . 

A mechanis m suc h ci s th e A M m a y b e use d t o buil d 

u p an d maintai n a  se t  o f  action/locatio n binding s se -

quentially .  A s mor e action s ar e adde d t o th e pre -

sentation ,  i t  become s mor e difficul t  fo r  th e indexin g 

proces s t o reliabl y activat e an y scenari o mode l  du e t o 

crosstalk .  Th e associatio n mechanis m canno t  focu s 

processin g o n a  particula r  locatio n unti l  a  scenari o 

i s a t  legis t  peirtiall y  active .  I f  a  separat e attentiona l 

spotligh t  wer e added ,  i t  woul d b e possibl e fo r  th e A M 

t o mak e Jissociation s betwee n locatio n an d fictio n on e 

pai r  a t  a  tim e usin g a  sequentia l  spotligh t  cue d b y 

motio n o r  othe r  parameters . 

C o n c l u s i o n s 

The AM forms a crucial part of MARS, the first 

progra m t o mode l  th e Johansso n biologica l  motio n 

data .  Modelin g arm -  an d leg-movement s separately , 

I  foun d tha t  th e A M wa s require d t o enabl e recogni -

tio n o f  full-bod y huma n gait .  Usin g a s a  cu e tempora l 

synchron y betwee n scene-2w;tio n an d interna l  activ e 

m e m o ry structure s representin g actions ,  i t  eissociate s 

what' s happenin g wit h wher e i t  i s  happening .  Th e 

A M display s a n abilit y  t o maintai n multipl e associ -

ation s i n paralle l  bu t  canno t  necessaril y  for m thos e 

association s i n parallel ,  suggestin g a  rol e complemen -

tar y t o tha t  o f  sequentia l  attention . 
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