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ABSTRACT 

Clusterin g effect s i n observe d performanc e o n spatia l  recognitio n task s giv e evidenc e tha t 

th e judgmen t  o f  spatia l  relationship s i s no t  base d solel y o n Euclidea n proximity ,  bu t  ca n 

depen d o n othe r  similarit y relationship s t o a n equal ,  o r  eve n t o a  greater ,  extent .  Thus ,  th e 

representatio n o f  spatia l  informatio n mus t  b e code d a s on e o f  man y feature s o f  a n object , 

and thes e feature s ar e expecte d t o interac t  wit h on e another .  A  recurren t  networ k usin g th e 

Interactiv e activatio n architectur e o f  McClellan d &  Rumelhar t  (1981 )  i s presente d t o illus -

trat e th e interactio n o f  thes e featura l  representations ,  includin g a  coars e codin g representa -

tio n o f  a  Euclidea n metric .  Th e experiment s o f  McNamar a (1986 )  an d McNamara ,  Ratcliff , 

and McKoo n (1984 )  ar e simulated ;  th e mode l  result s ar e i n qualitativ e agreemen t  wit h th e 

data . 

Introduction 

The locatio n o f  a n objec t  i s  certainl y on e o f  it s  mos t  salien t  features .  Thi s i s especiall y 

tru e fo r  object s whic h ar e geographicall y fixed,  sinc e feature s whic h ar e invarian t  ten d t o 

hav e greate r  salience .  Usin g a  mode l  o f  positiona l  information ,  w e ca n conside r  th e 

representatio n t o b e topographic ,  i n tha t  object s tha t  ar e sufficientl y proxima l  shoul d 

hav e simila r  (overlapping )  representations . 

However, recording geographical positioning is not enough, as several recent studies have 

demonstrate d tha t  th e memor y fo r  location s o f  landmark s i s biase d b y hierarchical ,  an d 

othe r  non-spatial ,  informatio n (Hirtl e &  Jonides ,  1985 ;  McNamara ,  Hardy ,  &  Hirtle , 

1989 ;  Steven s &  Coupe ,  1978) .  Fo r  example ,  Steven s an d Coup e (1978 )  showe d tha t  sub -

ject s judge d Reno ,  Nevad a t o b e northeas t  o f  Sa n Diego ,  California ,  eve n thoug h i t  i s 

northwest ,  presumabl y becaus e Nevad a lie s t o eas t  o f  California .  Tha t  is ,  th e superordi -

nat e relationshi p altere d th e memor y o f  th e subordinat e locations .  Furthe r  researc h ha s 

shown simila r  effect s fo r  area s withou t  explici t  boundaries ,  wher e cluster s aris e fro m 

difference s i n terrai n (Allen ,  1981 ;  Alle n &  Kirasic ,  1985) ,  perception s o f  neighborhood s 

(Hirtl e &  Jonides ,  1985 ;  Merril l  &  Baird ,  1987) ,  o r  semanti c feature s o n artificia l  map s 

(Hirtl e &  Mascolo ,  1986) . 

Spatial Priming within Regions 

I n orde r  t o mode l  i n a  connectionis t  framewor k th e contribution s o f  bot h spatia l  locatio n 

and cluste r  membership ,  w e chos e a  mor e basi c paradig m tha n tha t  o f  distanc e an d orien -

tatio n judgments .  I n recen t  work ,  M c N a m a r a an d hi s colleague s hav e show n tha t  a  prim -

in g paradig m ca n b e use d t o infe r  spatia l  knowledge ,  i n tha t  item s tha t  prim e eac h othe r 

ar e judge d close r  (McNamara ,  1986 ;  M c N a m a r a ,  Hardy ,  &  Hirtle ,  1989 ;  M c N a m a r a , 

Ratcliff ,  &  M c K o o n ,  1984) . 

773 



M U N RO &  HIRTL E 

As on e example ,  M c N a m a r a (1986 )  showe d th e effect s o f  cluster s o n spatia l  memory . 

Subject s i n thi s experimen t  learne d eithe r  th e location s o f  object s i n a  layou t  o r  th e loca -

tio n o f  objec t  name s o n map ,  wher e th e space s wer e divide d int o a  tw o b y tw o gri d creat -

in g fou r  regions ,  a s see n i n Figur e la . 

M c N a m a ra (1986 )  showe d no t  onl y difference s i n standar d spatia l  task s du e t o regio n 

membership ,  bu t  als o difference s i n recognitio n times .  Specifically ,  h e showe d tha t  item s 

ar e recognize d faste r  i f  precede d wit h a  ite m tha t  wa s clos e i n distance ,  an d tha t  item s 

ar e recognize d faste r  i f  precede d wit h a n ite m fro m th e sam e region .  I n th e experiment , 

ther e wer e twelv e pair s o f  location s i n si x experimenta l  condition s (tw o pair s pe r  condi -

tion )  an d eigh t  filler  locations ,  fo r  a  tota l  o f  3 2 locations ,  o r  eigh t  location s pe r  region . 

Th e thre e mai n independen t  variable s were :  distanc e betwee n th e tw o location s i n a  pai r 

(eithe r  clos e o r  far) ,  whethe r  bot h location s ar e i n th e sam e region ,  an d fo r  location s i n 

differen t  regions ,  whethe r  th e location s wer e aligne d o r  misaligne d wit h respec t  t o th e 

regio n (cf. ,  Steven s &  Coupe ,  1978) .  Th e result s showe d a  stron g effec t  o f  bot h distanc e 

and cluste r  membership .  However ,  th e effec t  o f  alignmen t  wa s no t  consistent ,  i n tha t 

alignmen t  resulte d i n faste r  recognitio n time s fo r  fa r  points ,  bu t  slowe r  recognitio n time s 

fo r  clos e points . 

Network Structure and Function 

The mode l  follow s th e interactiv e activatio n schem e introduce d b y McClellan d an d 

Rumelhar t  (1981 )  i n thei r  mode l  o f  lette r  perception .  Thi s implementatio n consist s o f 

thre e set s o f  unit s (se e Figur e 2) : 

The place units each specify a particular site. In our simulations, these are labeled 

point s o n a  map .  Mor e generally ,  the y correspon d t o salien t  geographica l  locations . 
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Figur e 1 .  (A )  Spac e o f  location s use d b y McNamar a (1986) .  (Copyrigh t  198 6 b y th e Academi c 

Press .  Reprinte d b y permission. )  (B )  Spac e o f  location s use d b y McNamara ,  e t  a l  (1984) . 

(Copyrigh t  198 4 b y th e America n Psychologica l  Association .  Reprinte d b y permission. ) 
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Figure 2. Network architecture for geographical priming. 

The category units specify a particular category. Category membership is a binary 

functio n an d i s code d b y positiv e an d negativ e connection s betwee n categor y an d plac e 

units . 

The grid units represent a uniform rectangular grid across the map. The connections 

fro m a  particula r  plac e uni t  t o th e gri d unit s i s determine d b y a  Gaussia n pea k abou t  th e 

coordinate s correspondin g t o th e plac e unit . 

Thus, connections exist in both directions between the place and category units (connec-

tio n matri x M )  an d betwee n th e categor y an d gri d unit s (connectio n matri x  N ) ,  wit h 

reciproca l  connection s havin g equa l  strength .  Th e activit y leve l  o f  eac h uni t  i s  update d 

iteratively ,  b y summin g a  deca y ter m wit h a n interactiv e ter m (Grossberg ,  1978 ;  McClel -

lan d an d Rumelhart ,  1981) .  Th e interactiv e ter m include s weighte d sum s o f  th e activitie s 

of  othe r  unit s plu s a n occasiona l  externall y applie d signa l  correspondin g t o a n experimen -

ta l  stimulus .  Thus ,  th e activit y a(t )  o f  a  uni t  a t  tim e t  receivin g ne t  activatio n x(t )  fro m 

th e othe r  unit s i s update d accordin g t o th e followin g differentia l  equation : 

dait) {x{t)(\-a(t)) x[t)>0 

dt U(Oa(0 r(0^0 

Each iteration consists of two strokes: [1] update of the place node activities, P,(0) 

integratin g deca y wit h inpu t  fro m th e categor y units ,  gri d units ,  an d th e externa l  stimuli , 

E {̂t )  an d [2 ]  updat e o f  th e categor y an d gri d nod e activities ,  C,(i )  an d G-j(O )  integratin g 

deca y wit h inpu t  fro m th e plac e units .  Th e couplin g o f  th e activatio n equation s i s give n 

i n Tabl e 1 . 

The connection matrices, M and N are determined as functions of the distance between 

place s an d gri d sites ,  an d membershi p o f  place s i n th e variou s categories ,  respectively . 

Sinc e tw o indice s ar e use d t o denot e positio n o f  gri d nodes ,  th e activitie s (7, ^  hav e tw o 

indice s indicatin g ro w an d colum n i n th e grid ,  an d element s o f  th e matri x M hav e thre e 
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Tabl e 1 

Activit y Notatio n an d Inpu t  Computatio n 

Uni t 

plac e uni t  t 

categor y uni t  j 

gri d uni t  i ; 

Activit y a{t )  Ne t  Inpu t  x(t ) 

P.(t )  2A/,,*G,,( 0 +  E ^ , , c , ( 0 - ^ . ( 0 

^.( 0 2iV,.^i( 0 

o,At )  SA^*. ,^( 0 

indices ;  M-- ^  denote s th e connectivit y o f  plac e nod e i  t o th e gri d nod e i n ro w ; ,  colum n 

k.  Th e element s o f  th e othe r  matrix ,  N. ^  ar e se t  t o a  positiv e constant ,  a ^  i f  plac e i  i s  i n 

categor y ;" ,  an d t o a  negativ e constant ,  -a^ ,  otherwise : 

M., . = Pex p 

D ij k 

(J 

(  - a . 

^V.  = 
«•  ^  ; 

wher e D,̂ ^  i s th e Euclidea n distanc e betwee n th e point s represente d b y P ,  an d G^^ .  Th e 

representatio n o f  a  plac e b y th e gri d unit s i s a  regularize d for m o f  coars e coding ,  a s 

describe d b y Hinton ,  McClellan d an d Rumelhar t  (1986) .  Th e networ k parameter s a ^  a^ , 

and p  ar e scal e factor s o n th e connectio n matrices ,  an d ar e generall y small ,  t o kee p th e 

syste m stable .  Th e paramete r  a  set s a  distanc e scal e o n th e Gaussia n sample d b y th e 

gri d matri x M .  I n ou r  experiments ,  a  wa s usuall y abou t  1/ 3 th e siz e o f  a  m a p edge . 

It is important to realize that both the set of grid nodes and the set of category nodes 

represen t  positiona l  information ;  thes e representation s diffe r  i n a  numbe r  o f  respects ,  bu t 

fro m a n abstrac t  poin t  o f  view ,  the y ar e equivalent . 

Simulation Results: Spatial Priming within Regions 

Eac h simulatio n consiste d o f  thre e stimulu s intervals :  stimulu s o f  th e prime ,  relaxation , 

and stimulu s o f  th e target .  Thes e stimulu s interval s consiste d o f  maintainin g th e exter -

nal  inpu t  t o th e appropriat e plac e nod e a t  a  constan t  leve l  (usuall y 0.1 )  fo r  a  fixe d 

number  o f  iterations .  N o externa l  stimulu s wa s applie d i n th e relaxatio n period ;  thi s 

allowe d th e activit y level s t o deca y (du e t o y) .  Reactio n tim e dat a wa s simulate d b y 

measurin g time s fo r  activitie s t o reac h a  criterio n level .  Parameter s wer e determine d 

empiricall y b y examinin g th e tim e course s o f  nod e activitie s fro m selecte d simulations .  A 

particula r  activit y leve l  (th e respons e criterion )  wa s estimate d t o correspon d t o th e abil -

it y  t o nam e th e plac e i n th e experimenta l  paradigm . 

The three phases were typically 200 iterations, 50 iterations, and 200 iterations. The 

tim e course s o f  severa l  plac e node s ar e plotte d i n Figur e 3  fo r  a  simulatio n o f  th e experi -

ment  b y M c N a m a r a (1983) .  Fo r  thi s simulation ,  th e gri d wa s 6  b y 5  an d ther e wer e 4 

categor y unit s representin g th e fou r  categories . 

Figure 3 contains three "snapshots" of the place node activities in their corresponding 

location s (cf .  Figur e la) .  I n th e simulation ,  plac e uni t  2 1 wa s stimulate d fo r  20 0 itera -

tions ,  stimulatio n cease d fo r  th e nex t  5 0 iterations ,  an d plac e uni t  2 5 wa s stimulate d fo r 
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Figur e 3 .  Tim e cours e o f  plac e nod e activit y whe n stimulatin g nod e 2 1 fo r  20 0 

iterations ,  followe d b y 5 0 iteration s o f  relaxation ,  followe d b y stimulatin g nod e 2 5 fo r 

200 iterations .  (A )  Plo t  o f  plac e nod e activit y fo r  5  o f  th e 3 2 nodes ,  an d snapshot s o f 

activatio n level s o f  al l  plac e node s afte r  (B )  iteratio n 200 ,  (C )  iteratio n 250 ,  an d (D ) 

iteratio n 450 . 
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th e fina l  20 0 iterations .  Fo r  thi s simulation ,  paramete r  value s wer e Q j  =  0.4 ,  a ,  =  0.0 , 

j 3 ̂  0.3 ,  7  =  1.2 ,  CT  =  4 ,  an d th e tim e ste p i n ou r  approximatio n t o th e differentia l 

equatio n wa s A t  =  0.05 .  I n comparin g ou r  mode l  wit h McNamara' s data ,  w e se t  th e 

respons e leve l  0.11 .  Th e simulatio n result s ar e compare d wit h th e experimenta l  dat a i n 

Tabl e 2 . 

The results from the simulation correspond with the experimental data to a degree, but 

not  i n clos e detail .  The y matc h wel l  fo r  th e clos e an d fa r  condition s withi n a  region ,  an d 

fo r  th e compariso n o f  same-regio n t o different-regions .  However ,  wherea s th e dat a indi -

cate d a  mil d interactio n o f  alignmen t  wit h distance ,  th e simulation s sho w a  mil d interac -

tio n i n th e othe r  direction .  Th e weight s i n ou r  mode l  assume d a n isotropi c metri c 

(Euclidean) ;  generatio n o f  weight s usin g a  cit y bloc k metric ,  m a y lea d t o a n interactio n 

consisten t  wit h th e data . 

Spatial Priming Along Routes 

As a  secon d exampl e domai n fo r  th e network ,  w e turne d t o a  relate d study .  I n a n earlie r 

experiment ,  M c N a m a r a ,  Ratcliff ,  an d M c K o o n (1984 )  showe d simila r  effect s fo r  a  m a p 

wher e hypothetica l  citie s wer e locate d alon g on e o f  si x differen t  routes ,  a s show n i n Fig -

ur e lb . 

The three main conditions were close in both Euclidean and route distance (CE-CR), 

clos e i n Euclidean ,  bu t  fa r  i n rout e distanc e (CE-FR) ,  an d fa r  i n bot h Euclidea n an d 

rout e distanc e (FE-FR) .  (Th e fourt h logica l  conditio n o f  fa r  i n Euclidea n distance ,  bu t 

clos e i n rout e distanc e i s geometricall y impossible. )  I n addition ,  McNamara ,  e t  a l  (1984 ) 

use d tw o distinc t  learnin g protocol s (Experimen t  1  versu s 2) .  Th e dat a sugges t  tha t  rout e 

distanc e i s th e critica l  determinan t  o f  psychologica l  distanc e i n th e cognitiv e m a p o f  th e 

subject ,  an d tha t  thes e result s ar e no t  dependen t  o n th e learnin g protocol . 

Simulation Results: Priming along Routes 

Simulation s o f  th e M c N a m a r a ,  e t  al .  (1984 )  stud y wer e performe d b y modelin g recogni -

tio n o f  th e sam e pair s o f  items .  Th e paramete r  value s use d fo r  thi s simulatio n wer e clos e 

t o th e value s fo r  th e previou s simulation ,  bu t  no t  identical .  Th e gri d unit s wer e arrange d 

i n a  6  b y 5  arra y a s i n th e previou s simulation .  Here ,  si x categor y unit s wer e used ,  eac h 

Tabl e 2 

Sinnulatio n Result s fo r  Pr imin g 

Conditio n 

Same Regio n 

Clos e 

Far 
Differen t  Region s 

Close/Aligne d 

Close/Misaligne d 

Close/Overal l 

Far/Aligne d 

Far/Misaligne d 

Far/Overal l 

withi n Region s 

Mean Iteration s 

45. 0 

52. 0 

61. 0 

87. 5 

74. 3 

155. 0 

104. 0 

129. 5 

RT (msec ) 

705 

768 

773 

753 

763 
782 

797 

790 
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Tabl e 3 

Simulatio n Reault a fo r  Primin g alon g Route s 

Conditio n Mea n Iteration s R T [msec ) 

C E - CR 13. 3 62 4 

C E - F R 26. 0 67 0 

FE-F R 47. 4 67 3 

correspondin g t o on e o f  th e routes .  W e use d a ^  =  0.4 ,  a ,  =  -0.08 ,  3  =  0.3 ,  - y = = 1.2 ,  a 

= 4 ,  an d se t  tii e respons e criterio n 0.08 .  Th e simulate d result s sho w a  simila r  orderin g 

as th e dat a (Tabl e 3) .  However ,  ther e i s agai n a  smal l  discrepanc y i n tha t  th e simula -

tion s sho w a  greate r  effec t  du e t o distanc e tha n appear s i n th e experimenta l  data . 

Discussion 

The networ k wa s abl e t o represen t  bot h th e locationa l  informatio n give n b y th e geo -

graphi c coordinate s an d th e semanti c informatio n encode d b y categor y membership , 

whethe r  th e categorie s ar e region s o r  routes .  Th e mode l  presente d i s i n contras t  t o a 

spreadin g activatio n mode l  tha t  M c N a m a r a (1986 )  present s t o accoun t  fo r  hi s data ,  f t 

has a n advantag e ove r  th e implementatio n propose d b y M c N a m a r a i n tha t  th e tim e com -

ponen t  i s mad e explicit . 

These results point to a framework for representing positional information over a set of 

maps,  rathe r  tha n a  singl e one .  Thes e representation s ma y b e orthogona l  o r  overla p t o 

variou s degrees .  Fo r  example ,  th e route s i n th e secon d simulatio n coul d b e represente d 

suc h tha t  intersectin g route s hav e c o m m o n features .  Thi s coul d b e implemente d b y hav -

in g eac h categor y uni t  correspon d t o a n intersection .  W e di d no t  choos e thi s representa -

tio n becaus e i t  ha s a  proble m o f  non-uniquenes s (se e Figur e lb) . 

The model presented complements previous connectionist models on related topics, such 

as examinin g th e rol e contex t  o n spatia l  reference s i n languag e (see ,  Cosi c Sc Munro , 

1988 ;  Douglas ,  Novick ,  &  Tomlin ,  1987) ,  an d model s examinin g spatia l  searc h (e.g. , 

Bart o &  Sutton ,  1981 ,  Zipser ,  1986) . 

Further research is planned to extend the model to more complex semantic structures. 

For  example ,  McNamara ,  Hardy ,  &  Hirtl e (1989 )  hav e demonstrate d tha t  th e ordere d 

tre e paradig m (se e Hirtl e &  Jonides ,  1985 )  ca n b e use d t o determin e th e semanti c struc -

tur e impose d b y subject s o n a n otherwis e nonstructure d arra y o f  landmarks .  Thus ,  a 

smal l  modificatio n t o th e strateg y abov e woul d b e require d a s th e resultin g structur e i s 

hierarchica l  rathe r  tha n a  singl e se t  o f  region s o r  routes .  However ,  th e genera l  approac h 

shoul d prov e beneficia l  i n th e modelin g o f  spatia l  knowledge . 
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