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MENTAL REPRESENTATION O F SPATIA L INFORMATION: 
A PRODUCTION SYSTEM MODEL FO R PRIMIN G AN D VERIFICATIO N 

Karl F. Wender, Monika Wagener, and Bernd Wittmann 
Institu t  fli r  Psychologi e 

Technisch e Universita t  Braunschwei g 

ABSTRACT 

I n thî b contKibixtio n w z invz^tigat z th z mznta i  KZpfiz^zntatlo n o i 
spatia l  information .  I n a  przviou 6 papz i  [Wzndzf L S  Wagznzn. ,  19S5 ] 
ucz Kzpoitz d KZ^ait ^  tha t  -iiuppoitz d th z idz a o< $ spatia l  in^^oimatio n 
bzin g mzntali y fizpfiẑ izntz d i n a n anaZogu Z {̂ ofimat .  Thi ^  papz i 
zxtznd ^  th z pKZviou ^  rz^alti .  Fafithzrmor z a  simulatio n modz Z i s dz -
vzlopz d tha t  dzsciibz s th z dat a {,fio m tw o d i^zrzn t  zxpzKimzn -
ta l  tasks ,  a  pKimin g tzchniqu z an d a  szntznc z MZfiiiiaatio n tzst . 
Thzs z zxpZKimznta l  task s gav e fizsaZt s tha t  i n pan t  loo k zontxa -
diztoiy .  Th z modz l  discassz d i s a n attzmp t  t o accoun t  {̂ô i  thi s con -
tKadiction . 

INTRODUCTION 

The format of mental representations has been under discussion for several 
year s now .  We don' t  wan t  t o revie w thi s discussion .  Ou r  basi c opinio n i s tha t 
propositiona l  a s wel l  a s analogu e representation s ar e possible .  T o som e exten t 
th e forma t  ma y b e unde r  th e contro l  o f  th e person .  Furthermore ,  th e for m o f 
th e representatio n an d th e processe s workin g upo n i t  interact .  Thi s interac -
tio n ma y als o contai n a  tradeof f  betwee n buildin g effort s an d processin g 
times .  I f  a  perso n expect s a  spatia l  tas k involvin g spatia l  judgment s probabl y 
a spatia l  representatio n i s forme d whic h may cos t  mor e effort .  I f  a  perso n 
expect s a  mor e abstrac t  tas k the n a  propositiona l  representatio n may b e pre -
ferred .  Also ,  a  perso n ma y b e abl e t o chang e th e representatio n i f  th e typ e o f 
th e tas k require s this . 

The mental representation of spatial information is investigated in this paper 
by a  primin g techniqu e an d a  sentenc e verificatio n test .  Bot h method s conside r 
th e relationshi p betwee n decisio n time s an d spatia l  distances .  I f  decisio n 
time s depen d o n spatia l  distance s bu t  no t  o n distance s i n a  propositiona l 
networ k the n thi s i s take n a s evidenc e fo r  th e analogu e natur e o f  th e menta l 
representation . 

In the priming technique on each trial two words are presented to the subject 
who ha s t o decid e whethe r  thes e tw o word s belon g t o th e learne d materia l  o r 
not  (Ratclif f  &  McKoon ,  1978 ;  Wagene r  &  Wender ,  1985) .  Th e ide a behin d thi s 
techniqu e i s tha t  activatio n o f  th e firs t  .concep t  i n memor y start s a  sprea d o f 
activation .  I t  the n depend s o n th e distanc e betwee n th e firs t  an d secon d con -
cep t  ho w muc h th e decisio n i s facilitated . 

Thi s researc h wa s supporte d b y th e Germa n Scienc e Foundatio n (DFG )  unde r  gran t 
We 498/9-2 . 
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pear  lemo n -̂ appl e 

pineappl e banan a 

Figur e 1 :  A n exampl e fo r  th e configurations .  Soli d line s correspon d t o 
sentence s give n t o th e subject s dashe d line s mar k relation s no t  mentione d i n 
th e descriptions . 

In the verification test a short sentence containing a spatial relation be-
twee n tw o concept s i s show n t o th e subject .  Th e subjec t  ha s t o decid e whethe r 
thi s sentenc e i s tru e wit h respec t  t o th e t o b e remembere d materia l  o r  not .  I n 
linea r  orderings ,  e.g .  th e natura l  numbe r  system ,  a  ver y reliabl e effec t  ha s 
been found :  Decisio n time s decreas e wit h growin g distance s betwee n concepts . 
Thi s ha s bee n calle d th e symboli c distanc e effec t  (Banks ,  1977 ;  Moye r  & 
Dumais ,  1978) .  Curiously ,  thi s effec t  seem s t o contradic t  th e primin g effect . 
Combine d wit h th e distanc e effec t  i s  th e socalle d end-anchor-effect .  En d an -
chor s ar e th e firs t  an d th e las t  ite m o f  a  finit e list .  I f  thes e item s ar e 
combine d wit h othe r  item s i n a  comparativ e sentenc e thi s lead s t o shorte r 
decisio n time s compare d t o othe r  item s wit h th e sam e distanc e o n th e under -
lyin g scale . 

It is the goal of this contribution to construct a model for the mental repre-
sentatio n an d processe s tha t  ca n explai n th e result s fro m bot h experimenta l 
techniques .  Thi s mode l  processe s spatia l  informatio n an d simulate s 
prepositiona l  a s wel l  a s analogu e aspect s o f  th e menta l  representation . 

EXPERIMENT 1 

Metho d 

Subject s memorize d desription s o f  spatia l  arrangement s o f  fiv e common objects . 
Each descriptio n consiste d o f  fou r  sentence s an d wa s printe d o n a  car d give n 
t o th e subjects .  A n exampl e o f  on e configuratio n i s a s follows . 

"Fruits 

The pineapple is to the left of the banana. 
The pea r  i s behin d th e banana . 
The lemo n i s t o th e righ t  o f  th e pear . 
The appl e i s t o th e righ t  o f  th e lemon. " 

Figure 1 shows the configuration described by these four sentences. In the 
experimen t  subject s learne d eigh t  description s plu s tw o additiona l  one s fo r 
warmin g u p purposes .  A s a  criterio n fo r  learnin g subject s wer e aske d fou r 
question s abou t  eac h configuratio n suc h as : 
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O 60 0 

state d clos e distan t 

T Y P E 
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(b ) 

clos e distan t 

Figur e 2 :  Mea n decisio n time s fo r  Experimen t  1  i n (a )  th e primin g tas k an d (b ) 
th e verificatio n tas k fo r  stated ,  close ,  an d distan t  probes . 

"What  i s t o th e lef t  o f  th e banana? " 

Learnin g continue d unti l 
heart . 

subject s coul d correctl y answe r  al l  question s b y 

Afte r  completin g th e learnin g tas k subject s participate d i n a  primin g phase . 
On eac h tria l  subject s wer e presente d wit h th e word s fo r  tw o object s fro m on e 
configuration .  Th e tw o word s wer e show n successivel y o n a  compute r  scree n wit h 
a 50 0 ms SOA.  Subject s ha d t o decid e whethe r  bot h object s belonge d t o th e 
learne d configuratio n o r  not .  Decisio n tim e wa s measure d startin g wit h th e 
presentatio n o f  th e secon d word . 

For each configuration two pairs of concepts were of special interest. These 
ar e calle d th e clos e pai r  an d th e distan t  pair .  I n Figur e 1  thes e pair s ar e 
marke d b y dashe d lines .  T o balanc e possibl e semanti c effect s ther e wer e tw o 
version s fo r  eac h configuratio n i n whic h th e object s fo r  th e clos e an d distan t 
pair s wer e interchanged . 

In the verification test subjects were shown sentences of the following form: 

"The pineapple is to the left of the banana." 

Subjects had to decide whether this sentence was correct with respect to the 
give n configuratio n o r  not .  Agai n decisio n tim e wa s measured . 

RESULTS 

Figure 2 gives the results for different probes. Stated pairs correspond to 
sentence s tha t  wer e give n i n th e description .  A n exampl e fro m Figur e 1  woul d 
be "lemo n -  pear" .  Clos e pair s contai n word s tha t  originall y di d no t  appea r  i n 
one sentenc e bu t  ar e clos e togethe r  i n th e spatia l  configuratio n lik e "lemo n -
banana "  i n Figur e 1 .  Not e tha t  distan t  pair s ar e differentl y constructe d i n 
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Figur e 3 :  Mea n decisio n time s fo r  Experimen t  2  i n (a )  th e primin g tas k fo r 
clos e an d distan t  probe s an d (b )  th e verificatio n tas k fo r  th e fou r  differen t 
distance s determine d b y th e numbe r  o f  object s betwee n tw o tes t  items . 

For 
thes e 
rela -

th e primin g an d verificatio n task .  I n th e primin g tas k th e distan t  pair s con -
tai n word s tha t  hav e th e sam e propositiona l  distanc e a s th e clos e pair s bu t  a 
large r  spatia l  distance .  I n Figur e 1  thi s woul d b e "pineappl e -  appl e 
th e verificatio n tas k a  distan t  prob e woul d b e "pea r  -  apple" .  Again , 
word s ha d no t  appeare d i n on e sentence .  Hence ,  a  propositio n abou t  thei r 
tionshi p ma y b e calle d a n inference .  Fo r  th e primin g dat a ther e i s a n increas e 
i n reactio n tim e fro m clos e pair s t o distan t  pair s (Fl(l,22)=7.2 ,  p  <  .02 ; 
F2(l,14)=5.51 ,  p  <  .05) ,  wherea s state d an d clos e pair s ar e almos t  equal .  We 
observe d a n opposit e effec t  fo r  th e verificatio n data :  a  clea r  decreas e i n 
reactio n time s fro m clos e probe s t o distan t  an d state d probe s (Fl(2,89)=4,53 , 
p <  .02 ;  F2(2,21)=5.02 ,  p  <  .0 5 ) . 

EXPERIMENT 2 

To investigat e th e processe s involve d i n th e primin g an d verificatio n tas k i n 
more detai l  w e conducte d a  secon d experiment .  Th e tw o dimensiona l  configura -
tion s wer e reduce d t o on e dimension . 

Metho d 

Subjects learned 
card s suc h a s 

list s o f  fiv e word s eac h tha t  wer e give n t o the m printe d o n 

"Fruit s 
pear  pineappl e lemo n banan a apple. " 

Each lis t  wa s learne d unti l  subjects ,  afte r  a  shor t  distracto r  task ,  coul d 
reproduc e th e complet e list .  Th e followin g primin g tas k wa s identica l  t o tha t 
i n Experimen t  1 .  Th e verificatio n tes t  wa s somewha t  differen t  fro m Experimen t 
1.  Instea d o f  a  complet e sentenc e subject s wer e show n tw o word s o n a  scree n 
printe d o n th e sam e line .  Subject s ha d t o judg e whethe r  th e word s ha d appeare d 
i n th e lis t  i n th e sam e order .  Differen t  probe s wer e constructe d i n suc h a  wa y 
tha t  th e word s ha d bee n 0 ,  1 ,  2  o r  3  item s apar t  i n th e origina l  list . 
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(MEMBER-OF-LIS T 
POSITION:  1. 1 

(MEMBER-OF-LIS T 
POSITION:  0. 6 

(MEMBER-OF-LIS T 
POSITION:  0. 1 

(MEMBER-OF-LIS T 
POSITION:  -0. 4 

(MEMBER-OF-LIS T 
POSITION:  -0. 9 

A) 

B) 

C) 

D) 

E) 

(NEIGHBOR A  B ) 
ACTIVATION:  0 

(NEIGHBOR B  C ) 
ACTIVATION:  0 

(NEIGHBOR C  D ) 
ACTIVATION:  0 

(NEIGHBOR D  E ) 
ACTIVATION:  0 

Figur e 4 :  Content s o f  long-ter m memor y afte r  th e encodin g ste p 

RESULTS 

Mean decision times are shown in Figure 3. For the priming data times are 
longe r  fo r  distan t  pair s (mi n F'(1,30)=4,18 ,  p  <  .05 )  pair s wherea s ther e i s 
an invers e relationshi p fo r  th e verificatio n data :  Decisio n time s ar e shorte r 
fo r  distan t  compare d t o adjacen t  probe s (mi n F'(3,94)=10,81 ,  p  <  .001) . 

DISCUSSION 

The results from Experiment 2 suggest a rather strai 
The primin g dat a ma y b e explaine d b y a  sprea d o f  a c 
firs t  concep t  an d reachin g th e secon d concep t  earli e 
i n a  distan t  pair .  Th e result s o f  th e verificatio n 
distanc e effec t  possibl y combine d wit h a n end-an c 
hav e bee n propose d fo r  it s explanation ;  bu t  non e o f 
verificatio n data .  Th e mode l  w e propos e make s us e o f 
Langle y (Langley ,  1983) .  Th e mode l  consist s o f 
long-ter m memor y an d thre e productio n memories . 

ghtforwar d interpretation . 
tivatio n startin g fro m th e 
r  i n a n adjacen t  pai r  tha n 
tes t  sho w a  clea r  symboli c 
hor  effect .  Severa l  model s 

the m combine s primin g an d 
th e PRIS M architectur e b y 

one workin g memory ,  on e 

The long-ter m memor y store s th e simulatio n o f  th e menta l  representation .  Th e 
workin g memor y contain s goals ,  tes t  items ,  an d item s activate d fro m long-ter m 
memory.  Th e firs t  productio n memor y include s production s tha t  inpu t  informa -
tio n t o long-ter m memor y an d production s tha t  contro l  th e wor k o f  th e othe r 
tw o productio n memories .  Th e secon d productio n memor y hold s th e production s 
fo r  th e primin g task .  Th e production s use d i n th e verificatio n tas k ar e 
include d i n th e thir d productio n memory . 

Figure 4 shows the content of the long-term memory after a list of five items, 
A B  C  D  E ,  ha s bee n learned .  Thes e element s ar e linke d vi a common symbols .  Ou r 
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model simulates the priming task by using the propagation process furnished by 
PRISM.  Th e activatio n start s fro m th e firs t  elemen t  i n th e prob e an d succes -
sivel y activate s neighborin g elements .  I f  th e activatio n o f  a n elemen t  reache s 
a threshol d thi s elemen t  i s transferre d t o th e workin g memor y an d matche d 
agains t  th e prob e item . 

The verification task has a different goal structure and needs a more complex 
and strategi c process .  A n effectiv e an d shor t  representatio n fo r  thi s tas k i s 
a lis t  o f  element s wher e th e orderin g i s represente d b y a n attribute ,  a s show n 
i n Figur e 4 .  We assum e tha t  th e spreadin g activatio n i s no t  relevan t  fo r  thi s 
strategi c process .  Hence ,  th e verificatio n proces s need s onl y th e 
"(MEMBER-OF-LIS T Y ) "  elements .  Thi s representatio n correspond s t o th e mode l  o f 
semanti c codin g b y Bank s (1977) .  Becaus e w e assum e a n asymetrica l  end-ancho r 
effec t  th e firs t  ancho r  ha s a  highe r  priorit y tha n th e las t  one .  Thi s ha s t o 
be confirme d b y furthe r  experiments .  Furthermore ,  thi s simpl e mode l  ha s t o b e 
modifie d an d teste d fo r  dat a fro m th e tw o dimensiona l  configuration s i n Exper -
imen t  1 . 

Following the semantic code model we explain the symbolic distance effect by 
fou r  step s o f  processing :  firs t  th e encodin g step ,  secon d th e discriminatio n 
process ,  thir d th e matchin g proces s an d finall y th e decisio n b y th e subject . 
We assum e tha t  subject s hav e finishe d th e encodin g ste p befor e the y star t  th e 
task ,  sinc e the y hav e ha d tim e enoug h t o remembe r  th e lis t  an d the y wer e 
traine d wit h tw o prob e lists . 

The crucial step is the discrimination process which utilizes the difference 
betwee n th e attribut e value s t o discriminat e betwee n objects .  I f  thi s differ -
enc e i s high ,  a s fo r  item s A  an d E ,  thi s pai r  reache s a  give n threshol d i n 
fewe r  cycle s than ,  fo r  instance ,  item s C  an d D . 

The results from Experiment 1 pose an additional problem for the model. The 
not-state d clos e pair s lea d t o a  fas t  decisio n i n th e primin g but ,  compare d t o 
th e state d pairs ,  t o a  slo w decisio n i n th e verificatio n task . 

The priming data are simulated by including an additional element into 
long-ter m memory .  Fo r  th e configuratio n i n Figur e 1  thi s woul d b e th e elemen t 
"(NEIGHBOR lemo n banana)" .  Fo r  th e verificatio n dat a w e assum e tha t  th e attri -
bute s representin g th e spatia l  positio n hav e differen t  value s fo r  th e tw o 
dimension s o f  th e configuration .  Ou r  mode l  i s no t  ye t  complete .  I t  i s  conceiv -
abl e tha t  w e wil l  hav e t o ad d element s t o long-ter m memor y representin g sur -
fac e informatio n fro m th e origina l  sentences . 
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