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Instructiona l  Effect s o n Spatia l  an d Tempora l  M e m o r y fo r  Videotape d 

Event s i n a  Large-scal e Environmen t 

Ale x Cuthbert ,  Christophe r  Stecker ,  Inn a Aleksandrovsky ,  Shery l  Ehrlich ,  Nikun j  Oza ,  Paul a Rogers ' 
(spatial-cog®cogscl.berkeley.edu ) 

Institute for Cognitive Studies 
Universit y o f  California ,  Berkele y 

60 8 Barrow s Hal l  M / S 3020 ,  Berkeley ,  C A 9472 0 

Abstrac t 

The separability of spatial and sequential mental representations 
was examine d throug h th e us e o f  sketch-map s an d ordere d 
event-list s generate d b y subject s followin g th e viewin g o f  a 
videotap e depictin g movemen t  throug h a  natura l  space .  Prio r 
t o viewing ,  subject s wer e instructe d tha t  the y woul d eithe r  a ) 
dra w a  ma p o f  th e regio n depicte d an d plac e event s o n th e ma p 
(map group) ,  b )  mak e a  lis t  o f  th e event s the y sa w i n th e orde r 
the y sa w the m (lis t  group) ,  o r  c )  answe r  som e unspecifie d se t  o f 
question s followin g th e vide o (contro l  group) .  I n fact ,  subject s 
di d al l  o f  th e above .  Althoug h mos t  measure s o f  spatia l  an d 
sequentia l  accurac y wer e unaffecte d b y th e instructiona l 
manipulation ,  subject s wh o expecte d t o dra w map s wer e mor e 
likel y t o correctl y indicat e tha t  th e camer a ha d negotiate d th e 
spac e i n a  figure-eight  path ,  whil e subject s i n th e othe r  group s 
predominantl y indicate d circula r  pat h shapes .  Non e o f  ou r 
analyse s provid e an y stron g evidenc e tha t  a n independen t 
spatia l  representatio n exist s prio r  t o map-drawing .  I n fact ,  th e 
similarit y betwee n group s suggest s tha t  al l  subject s utilize d 
simila r  encodin g strategies ,  bu t  tha t  m a p subject s specificall y 
attende d t o feature s o f  th e film  whic h constrai n th e overal l 
layou t  o f  th e space .  Thi s researc h raise s specifi c  question s 
abou t  th e mechanism s whic h allo w pat h segment s t o b e 
integrate d int o coheren t  spatia l  referenc e frames . 

Introduction 
The goa l  o f  th e presen t  researc h i s t o understan d th e spatia l 
and tempora l  structur e o f  people' s interna l  representation s o f 
naturalisti c event s i n a  large-scal e environment .  W e studie d 
th e effect s o f  uistmctiona l  manipulation s o n spatia l  an d 
tempora l  m e m o r y fo r  a  sequenc e o f  videotape d events .  O n e 
grou p o f  subject s wa s tol d tha t  the y woul d dra w a  m a p o f  th e 
are a shovw i  i n th e video ,  anothe r  tha t  the y woul d lis t  th e 
event s the y sa w i n order ,  an d a  thir d tha t  the y woul d simpl y 
answe r  som e questions .  Afte r  viewin g th e videotape ,  al l 
subject s performe d bot h a  map-drawin g an d a n event-listin g 
task .  W e wer e particularl y intereste d i n th e degre e o f 
independenc e betwee n th e tw o kind s o f  informatio n an d th e 
possibilit y  o f  trade-offs :  woul d bette r  spatia l  m e m o r y c o m e a t 
th e expens e o f  wors e tempora l  m e m o r y (an d vic e versa) ,  o r 
woul d bot h b e fiiU y an d automaticall y encode d a s lon g a s th e 

subjec t  viewe d th e tap e wit h th e expectatio n o f  havin g t o 
remember  somethin g abou t  it ? 

We studie d m e m o r y fo r  videotape d even t  sequence s a s a 
compromis e betwee n consideration s o f  ecologica l  vahdit y an d 
stimulu s control .  Th e stati c spatia l  task s ofte n use d i n spatia l 
cognitio n studies ,  suc h a s m e m o r y fo r  m a p s (Libe n &  D o w n s , 
1991 ;  T h o m d y k e &  Golding ,  1981 ;  C o h e n &  Schuepfer , 
1980 )  an d description s o f  compute r  image s (Haywar d &  Tarr , 
1995 )  affor d goo d stimulu s contro l  bu t  hav e restricte d 
ecologica l  validit y an d wea k generalit y relativ e t o spatia l 
cognitio n i n everyda y life .  Naturalisti c situations ,  suc h a s 
studie s o f  way-fmdin g an d direction-givin g (Morse ,  1987 ; 
Chase &  Chi ,  1981 ;  Lynch ,  1960) ,  affor d greate r  ecologica l 
validit y an d generality ,  bu t  a t  th e cos t  o f  uncertai n conclusions 
du e t o uncontrolle d stimulu s variables .  Ou r  videotap e w a s 
fihne d i n a  large-scal e environmen t  tha t  containe d bot h m a n -
m a de element s (buildings ,  roads ,  etc. )  an d natura l  element s 
(trees ,  bushes ,  etc. )  a s  salien t  landmarks .  Viewer s sa w 
strategicall y place d characters ,  eac h engage d i n a n activit y 
suc h a s juggling ,  clowning ,  jumpin g rope ,  etc .  T h e camer a 
traverse d a  figure-eight  pat h twic e throug h th e space .  S o m e 
of  th e event s occurre d a t  th e sam e locatio n bot h time s around , 
an d other s change d thei r  locatio n betwee n th e firs t  an d th e 
secon d pass .  Thi s desig n wa s employe d t o allo w spatia l  an d 
tempora l  aspect s o f  subjects '  m e m o r y performanc e t o b e 
dissociated . 

Th e theoretica l  positio n develope d b y Siege l  &  Whit e 
(1975 )  t o explai n th e constructio n o f  spatia l  representatio n 
posit s a  stage-lik e mode l  wher e peopl e acquir e mor e abstract , 
procedura l  knowledg e fi^om,  declarativ e knowledg e o f  specifi c 
landmark s an d routes .  Specifically ,  the y propose d tha t  peopl e 
firs t  remembe r  landmark s an d organiz e the m sequentiall y  int o 
knowledg e o f  routes .  Wit h furthe r  experience ,  landmark s an d 
route s ar e partiall y  coordinate d an d onl y late r  integrate d int o 
map-like ,  globa l  configuration s (Millar ,  1994) .  However , 
additiona l  evidenc e exist s tha t  severa l  factor s ca n influenc e 
h o w spatia l  informatio n i s encoded ,  includin g semanti c an d 
physica l  feature s o f  th e m a p (Holding ,  1994 )  an d th e goal s o f 
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furthe r  informatio n shoul d b e addresse d t o Ale x Cuthbert ,  a l x S s o c r a t e s .  b e r k l e y .  edu . 
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th e learne r  (Magliano ,  1995 ;  Taylo r  &  Tverksy ,  1992 ;  Cohe n 
& Cohen ,  1982 ;  Gauvai n an d Rogoff ,  1986) . 

Maglian o e t  al .  (1995 )  teste d th e stage-base d mode l  o f 
Seige l  an d Whit e (1975 )  agains t  a  hypothesi s tha t  instructiona l 
emphasi s o n a  particula r  leve l  o f  spac e encodin g (i.e. , 
landmarks ,  routes ,  o r  globa l  configuration )  ca n disrup t  th e 
hierarchica l  learning .  I n it s stron g form ,  thi s hypothesi s 
postulate s tha t  spac e encodin g i s goal-constraine d an d doe s 
not  confor m t o th e stric t  hierarch y fro m individua l  landmark s 
throug h route s t o globa l  overview .  Thei r  findings  indicate d 
tha t  subject s wer e indee d capabl e o f  learnin g a  ne w 
environmen t  accordin g t o a  goal ,  bu t  leamin g wa s constraine d 
by stage-base d processes .  I n odie r  words ,  a  hierarchica l  local -
to-globa l  structur e underlie s spac e encoding ,  bu t  coul d b e t o 
some degre e modifie d b y th e instructions ,  providin g evidenc e 
fo r  a  dissociatio n betwee n encodin g stages . 

I n a  simila r  vein ,  w e se t  ou t  t o determin e i f  a  simila r 
dissociatio n ca n b e achieve d betwee n spatia l  an d sequentia l 
informatio n encode d durin g naturalisti c viewin g o f  a  space . 
We hypothesize d tha t  subject s expectin g t o dra w map s afte r 
viewin g woul d demonstrat e enhance d spatia l  memory ,  whil e 
subject s expectin g t o generat e ordere d list s o f  event s woul d 
sho w bette r  sequentia l  memory ,  a t  a  possibl e cos t  o f  disrupte d 
spatia l  memory ,  an d tha t  thi s differentia l  biasin g toward s 
spatia l  o r  sequentia l  codin g woul d indicat e separabl e 
mechanism s fo r  spatia l  an d sequentia l  encoding . 

Methods 

Subjects 
The subject s wer e 3 9 undergraduat e student s fro m th e 
Psycholog y subjec t  poo l  a t  U.C .  Berkele y wh o volunteere d t o 
participat e i n th e stud y i n orde r  t o fiilfil l  a  cours e requirement . 

Materials 

The subject s viewe d a  videotap e o f  approximatel y te n 
minutes .  Th e resultin g dat a se t  include d a )  ordere d list s o f 
icon s representin g character s i n th e film,  b )  drawing s o f  th e 
regio n see n i n th e film,  c )  a  se t  o f  character s place d o n th e 
maps,  d )  trace s o f  th e perceive d pat h throug h th e space ,  e ) 
response s t o imagisti c an d verba l  memor y tasks ,  an d f ) 
questioimaire s abou t  navigationa l  capabilities . 

Each vide o consiste d o f  tw o passe s alon g a  figure-8  pat h 
throug h a  spac e tha t  consiste d o f  natura l  an d man-mad e 
featiu-es .  Fro m th e firs t  t o secon d pas s throug h th e space ,  hal f 
of  th e event s move d locations .  Th e fihn  conditio n involve d 
tw o films  wher e th e movin g versu s stationar y event s wer e 
interchange d i n a n attemp t  t o contro l  fo r  th e salienc e o f 
differen t  events .  Th e film s include d movin g versu s stationar y 
event s t o permi t  assessmen t  o f  th e effec t  o f  tas k focu s (ma p 
versu s list )  o n th e representatio n o f  event s linke d t o o r 
independen t  o f  a  specifi c  locatio n 

Figur e 1  provide s a  schemati c representatio n o f  th e are a 
alon g wit h th e positio n o f  th e events .  Th e numbere d circle s 
stan d fo r  th e positio n an d sequenc e o f  differen t  events .  Th e 
event s tha t  en d i n a n "A "  o r  "B "  represen t  movin g events .  Th e 
event s tha t  en d i n a n "A "  appea r  durin g th e first  pas s throug h 
th e figure-8  an d thos e endin g i n "B "  appea r  durin g th e secon d 
pass .  Th e othe r  event s ar e stationar y events . 

The spac e wa s separate d b y a  roa d wit h a  larg e buildin g o n 
one sid e o f  th e stree t  an d a  par k o n th e other .  W e purposel y 
chos e a  combinatio n o f  man-mad e an d naturalisti c setting s s o 
as no t  t o bia s th e result s i n favo r  o f  subject s tha t  ha d a 
dispositio n t o structure d versu s unstructure d o r  man -
made/naturalisti c settings . 

Figur e 1 :  Layou t  o f  region ,  events ,  &  camer a path . 

Desig n an d Procedur e 
A 3x2x 2 factoria l  desig n wa s use d wit h cell s representin g 
instructiona l  condition ,  task-sequenc e (list-ma p versu s map -
list )  condition ,  an d film  condition .  Th e thre e instructiona l 
group s (map ,  list ,  o r  control )  ar e determine d b y th e writte n 
instraction s give n prio r  t o viewin g th e video .  Th e instruction s 
fo r  th e ma p conditio n stat e tha t  subject s b e aske d t o dra w a 
map o f  th e spac e depicte d i n th e film.  Th e instruction s fo r  th e 
lis t  conditio n stat e tha t  the y wil l  b e aske d t o mak e a  lis t  o f 
event s depicte d i n th e orde r  the y appea r  i n th e fihn.  Th e 
contro l  conditio n receive d instruction s statin g tha t  the y woul d 
be aske d som e question s followin g th e film.  Th e task -
sequenc e conditio n i s base d o n th e orde r  i n whic h th e task s ar e 
complete d followin g th e vide o (i.e. ,  list-ma p versu s map-list) . 
Thi s contro l  wa s include d t o dea l  wit h possibl e orde r  effect s 
of  th e task s upo n eac h other . 

Experimenta l  session s laste d one-hour .  Th e subject s wer e 
seate d i n fron t  o f  a  vide o monito r  wher e the y receive d on e o f 
thre e instructio n sheets .  Afte r  readin g it ,  the y viewe d th e ten -
minut e vide o tha t  include d eigh t  salien t  character s ( a clown , 
a juggler ,  etc. )  eac h o f  w h o m appeare d twic e i n th e film.  Th e 
subject s complete d severa l  task s followin g th e vide o includin g 
a)  orderin g icon s representin g character s i n th e fihn  i n th e 
orde r  the y appeare d (th e lis t  task) ,  b )  drawin g th e regio n see n 
i n th e fihn  an d tracin g th e pat h throug h whic h th e camer a 
travele d (th e map-drawin g task) ,  c )  placin g icon s representin g 
character s i n th e film  o n th e map ,  d )  performin g imagisti c an d 
verba l  memor y tasks ,  an d e )  answerin g questionnaire s abou t 
navigationa l  capabilities .  T w o copie s o f  th e icon s 
representin g th e character s ar e provide d fo r  bot h th e lis t  tas k 
(ite m a )  an d th e ma p tas k (item s b  an d c) . 

Hal f  o f  th e groups ,  spli t  uniforml y acros s instructiona l  an d 
film  segmen t  conditions ,  complete d th e lis t  sequenc e tas k 
followe d b y th e ma p sequenc e tas k o r  vic e vers a t o contro l  fo r 
primin g effects . 

The imag e memor y tas k consiste d o f  showin g nin e image s 
on a n overhea d projecto r  fo r  thirt y seconds .  Followin g a 
distracto r  task ,  subject s ha d t o determin e whic h image s the y 
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had see n from a  large r  se t  o f  images .  Thi s large r  se t  include d 
simila r  image s t o th e one s the y ha d see n bu t  depicte d fro m 
differen t  perspectives .  Subject s wer e score d o n th e numbe r  o f 
correctl y identifie d image s minu s th e numbe r  o f  incorrectl y 
identifie d images .  Th e wor d m e m o r y tas k consiste d o f  thirt y 
word s rea d alou d b y a n experimente r  a t  five  secon d intervals , 
followe d b y a  tes t  o f  free  recall . 

Data Coding & Analyses The topological structure of camera 
pat h depicte d b y subject s (i.e. ,  hne ,  figure-8,  circle ,  other )  wa s 
code d a s a n outcom e measur e alon g wit h a  metri c fo r  th e 
tempora l  an d spatia l  orderin g tasks .  Th e numbe r  o f  landmark s 
presen t  i n th e m a p wa s als o analyzed . 

I n orde r  t o examin e th e degre e o f  separatio n betwee n 
subjects '  spatia l  an d sequentia l  representations ,  tw o 
comparabl e dependen t  measure s wer e generate d from  th e 
ordere d even t  list s an d th e hand-draw n maps .  First ,  th e 
tempora l  sequenc e scor e reflect s th e numbe r  o f  transposition s 
necessar y t o transfor m a  subject' s even t  lis t  int o th e actua l 
sequenc e o f  event s tha t  appear s i n th e film .  Second ,  th e pat h 
indicate d o n eac h subject' s  m a p wa s followed ,  beginnin g a t  th e 
indicate d startin g point ,  an d eac h even t  wa s Usted ,  i n th e orde r 
i t  appeare d alon g th e path ,  t o generat e a  m a p sequence .  Thi s 
sequence ,  i n turn ,  wa s converte d int o a  scor e indicatin g th e 
number  o f  transposition s necessar y t o transfor m th e m a p 
sequenc e int o th e correc t  m a p sequence ,  a s woul d hav e bee n 
generate d b y followin g th e sam e procedur e usin g a  veridica l 
map o f  th e space . 

The sequencin g task s wer e score d b y th e numbe r  o f 
transposition s neede d t o conver t  th e give n sequenc e t o th e 
correc t  sequence .  The y wer e calculate d usin g a  sortin g 
algorith m tha t  w e devise d suc h that : 

correct: 1,2,3,4,5 
subjec t  A :  2,1,3,4, 5 
subjects :  4,1,2,3, 5 

would produce values of "1" for both subject A and subject B. 
Subjec t  A  ha d on e transpositio n whil e subjec t  B  ha d on e 
shifte d event .  I f  w e merel y counte d th e numbe r  wrong ,  th e 
scor e woul d b e 2  fo r  subjec t  A  an d 4  fo r  subjec t  B  base d o n 
number  o f  item s no t  i n th e correc t  cells .  Th e sortin g algorith m 
provide s a  bette r  indicatio n o f  performanc e becaus e i t  give s 
credi t  fo r  shifte d bu t  correc t  sequence s o f  events . 

Not e that ,  sinc e hal f  o f  th e event s i n th e film  actuall y 
change d location s o n th e secon d pas s throug h th e space ,  th e 
correc t  tempora l  an d m a p sequence s diffe r  markedly . 

Complet e independenc e o f  spatia l  an d sequentia l  encodin g 
predict s tha t  th e idea l  spatia l  subjec t  (th e subjec t  w h o encode s 
spatia l  informatio n perfectly ,  bu t  ignore s sequentia l 
informatio n completely )  woul d produc e a n accurat e m a p 
sequence ,  bu t  a n inaccurat e tempora l  sequence,  wit h error s 
due t o inabilit y  t o differentiat e item s fro m th e tw o passe s 
throug h th e space .  Th e idea l  sequentia l  subjec t  woul d produc e 
th e accurat e tempora l  sequence ,  wit h th e associate d cos t  o f 
mor e error s i n th e m a p sequence .  I t  wa s th e intentio n o f  ou r 
primar y experimenta l  manipulatio n t o bia s subject s t o ac t  i n 
one o f  thes e tw o ways . 

I n additio n t o tempora l  an d m a p sequenc e scores ,  bot h a n 
adjacenc y scor e (Rovin e &  Weisman ,  1989 )  an d a  landmar k 

associatio n scor e wer e assigne d fo r  eac h even t  t o permi t  th e 
calculatio n o f  correlation s fo r  stationar y versu s movin g 
events .  Followin g Rovin e &  Weisman' s methodolog y (1989) , 
we hav e no t  score d item s tha t  wer e no t  presen t  o r  no t 
explicitl y  linke d t o a  landmark .  Thoug h w e k n o w tha t  sketc h 
maps ar e a  goo d approximatio n o f  way-fmdin g skill s  (Blades , 
1990) ,  i t  i s difficul t  t o assesse s menta l  representation s withou t 
verba l  protoco l  analyse s an d record s o f  th e sequenc e o f 
action s (se e sectio n o n Futur e Research. )  Knowin g th e orde r 
i n whic h event s wer e place d o n th e m a p woul d allo w u s t o sa y 
mor e abou t  th e primac y o f  spatia l  o r  tempora l  representations . 

Results & Discussion 
Th e orde r  o f  presentatio n o f  fih n segment s di d no t  hav e a 
significan t  effec t  ( p >  .05 )  o n an y o f  th e dependen t  variable s 
reporte d here ,  no r  di d th e orde r  o f  experimenta l  task s (map -
drawin g an d event-listing) .  Wit h thi s i n mind ,  w e collapse d 
th e dat a ove r  thes e tw o variable s fo r  th e ensuin g analyses . 
M e m o ry test s o f  word-hs t  recal l  an d imag e recognitio n wer e 
include d i n th e desig n a s potentia l  independen t  predictor s o f 
performance .  W o r d recal l  wa s no t  significantl y correlate d 
wit h performanc e o n th e tempora l  sequenc e (R^ = 0.001 ,  p  > 
.05 )  o r  m a p sequenc e (R ^  =  0.029 ,  p  >  .05 )  performanc e 
measure s (se e below) ,  an d s o wa s kep t  ou t  o f  th e remainin g 
analyses .  Similarly ,  imag e recognitio n memor y wa s no t  foun d 
t o correlat e significantl y wit h eithe r  tempora l  sequenc e (R ^  = 
0.005 )  o r  m a p sequenc e (R^ < 0.001 ,  p  >  .05 )  accuracy ,  an d 
was als o kep t  ou t  o f  late r  statistica l  analyses . 

Temporal & Map Sequences No significant effect of 
instructiona l  conditio n o n th e accurac y o f  th e tempora l 
sequenc e wa s observe d (F(2,38 )  =  2.76 ,  p  >  .05) ,  althoug h 
subject s i n th e Us t  conditio n performe d highes t  overall ,  whil e 
contro l  (n o instmction )  subject s mad e th e mos t  error s (se e fig. 
2) .  Th e effec t  o f  instructiona l  conditio n o n m a p sequenc e 
accurac y wa s als o no t  significant .  (F( 2 jg ,  =  0.99 ,  p  >  .05 )  M a p 
sequenc e accurac y displaye d th e sam e patter n o f  result s a s 
tempora l  sequenc e accurac y (se e fig.  3) .  Sinc e mos t  subject s 
made fe w error s overal l  o n thes e measures ,  th e lac k o f 

Contro l  Lis t 
Instructiona l  Conditio n 

Mop 

Figur e 2 :  Tempora l  sequenc e score s pe r  instructiona l 
condition . 
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Lls l 
Instructiona l  Conditio n 

Mop 

Figur e 3 :  M a p sequenc e score s b y instructiona l 
condition . 

significant differences may be reflective of performance-
ceilin g effects .  H o w e v e r ,  whil e trend s toward s smal l 
difference s be twee n th e instructiona l  condition s wer e 
observed ,  n o differentia l  effect s du e t o instructiona l  conditio n 
w e r e observed ,  a s w o u l d hav e bee n see n i f  sequentia l  o r 
spatia l  biasin g w e r e actuall y takin g place .  Thes e result s 
indicat e tha t  bot h th e m a p sequenc e an d tempora l  sequenc e 
measure s reflec t  th e result s o f  a  singl e proces s o r 
representation . 

Path Topology One difference that does arise between 
subject s i n differen t  instructiona l  condition s i s see n i n th e 
distributio n o f  pat h topologie s indicate d o n subjects '  m a p s (se e 
fig.  5) .  M o s t  subject s i n th e m a p conditio n indicate d th e pat h 
as traversin g a  figure-eight,  whil e subject s i n th e lis t  an d 
contro l  condition s predominantl y d r e w circula r  path s (x̂ (i )  = 
5.8 1 * ,  p  <  .05) .  Thi s findin g indicate s tha t  subject s i n th e m a p 
conditio n w e r e m o r e accurat e i n reproducin g large-scal e 
aspect s o f  th e scen e layout .  Interestingly ,  thi s differenc e i s no t 
accompan ie d b y a  differenc e i n th e n u m b e r  o f  landmark s 
displaye d o n th e m a p s (F̂ -̂ jg y =  0.09 ,  p  >  .05) ,  no r  wer e m a p 
subject s m o r e successfu l  a t  correctl y linkin g event s wit h 
salien t  landmark s (F(2j8 )  =  0.06 ,  p  >  .05) .  I n addition ,  contro l 
subjects ,  w h o wer e no t  instructe d a s t o th e typ e o f  informatio n 
t o encode ,  p roduce d pat h shape s w h i c h resemble d tha t  o f  th e 
lis t  subjects ,  suggestin g tha t  contro l  subject s m a y have ,  b y 
default ,  utilize d a n encodin g strateg y simila r  t o tha t  o f  lis t 
subjects .  Thi s m a y reflec t  a  bia s towar d sequentia l  encodin g 
o f  vide o sequences ,  perhap s du e t o greate r  difficult y i n 
encodin g spatia l  representations . 

T h e enhance d globa l  spatia l  accurac y indicate d b y th e larg e 
n u m b e r  o f  figure-eight  path s a m o n g m a p subject s raise s th e 
questio n o f  h o w tha t  accurac y i s achieved .  T w o possibilitie s 
exis t  fo r  thi s difference :  (1 )  subject s i n th e m a p conditio n ar e 
encodin g configurationa l  informatio n separatel y f ro m 
sequentia l  information ,  an d ar e usin g thi s configurationa l 
informatio n a t  th e tim e o f  map-drawing ,  whil e lis t  subject s 
m u st  attemp t  t o construc t  a  spatia l  representatio n f ro m th e 
sequentia l  informatio n use d fo r  th e ordere d even t  listing , 
w h i c h ultimatel y lead s t o m a p s wh ic h preserv e sequentia l 
orde r  bu t  distor t  th e overal l  geometr y o f  th e space ;  (2 ) 

' - m - ' -^]m- -

i . 

Figur e 4 :  E x a m p l e s o f  hand-d raw n m a p s wit h 
variou s pat h topologies .  Clockwis e f r o m to p left : 
figure-8,  circular ,  linear ,  an d other . 

subjectsfocu s primaril y o n sequentia l  informatio n whil e 
encodin g th e film,  an d construc t  spatia l  representation s onl y 
at  map-d raw in g time .  M a p subject s specificall y atten d t o 
aspect s o f  th e scene ,  suc h a s share d landmarks ,  path-crossings , 
an d metri c relationships ,  w h i c h othe r  subject s miss ,  an d tha t 
thes e piece s o f  informatio n ac t  t o criticall y constrai n th e 
overal l  pat h topology .  Fo r  instance ,  attendin g specificall y t o 
th e poin t  a t  whic h th e pat h crosse s itsel f  f r o m a  n e w directio n 
m ay provid e subject s wit h th e informatio n tha t  th e pat h ha s a 
figure-eight  shape ,  withou t  requirin g th e us e o f  a  separat e 
spatia l  representation . 

Pot h Topolog y 
Fig^^t Eiflhl 

Cr-culo r 
Other 

m 
Contro l 

Instructtono l  Conditio n 

F i g u r e 5 :  P a t h topo log ie s diffe r  b a s e d o n instructiona l 
c o n d i t i o n . 
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Contro l  Lis t  Mop 
Instructiona l  Conditio n 

Figur e 6 :  F requenc y o f  l a n d m a r k transposition s 
doesn' t  var y wit h instructiona l  condition . 

Error Analysis: Landmark Transpositions To differentiate 
betwee n thes e t w o explanation s o f  th e result ,  w e looke d a t  t w o 
othe r  aspect s o f  th e h a n d - d r a w n m a p s :  error s w h i c h 
simultaneousl y distor t  th e p lacemen t  o f  landmark s an d c o d e d 
events ,  an d difference s b e t w e e n adjacenc y score s fo r  m o v i n g 
an d stationar y events .  B o t h o f  thes e analyse s ar e base d u p o n 
adjacenc y score s (Rov in e &  W e i s m a n ,  1989) ,  w h i c h indicat e 
whethe r  o r  no t  a n even t  ha s b e e n place d i n th e correc t  locatio n 
relativ e t o it s immediat e neighbor s alon g th e path .  I n addition , 
a landmar k associatio n scor e w a s c o d e d fo r  eac h event , 
indicatin g whethe r  o r  no t  a  salien t  l andmar k i s place d nea r  a n 
even t  t o w h i c h i t  i s  prox ima l  i n th e actua l  scene .  W e use d 
thes e t w o measure s t o loo k fo r  particula r  type s o f  errors , 
l a n d m a r k transpositions ,  i n w h i c h a n even t  ha s b e e n place d 
incorrectly ,  i n term s o f  it s  adjacenc y score ,  bu t  i s  correctl y 
associate d wit h a  salien t  lanchnark .  Thi s indicate s tha t  th e 
landmar k ha s b e e n displace d alon g wit h th e erroneou s event , 
an d provide s evidenc e agains t  a  representatio n o f  th e spac e 
(includin g landmarks )  w h i c h i s  independen t  o f  th e even t 
representation .  I f  subject s i n th e m a p conditio n ar e 
maintainin g suc h a n independen t  representation ,  the n the y 
shoul d displa y fewe r  landrnar k transposition s tha n subject s i n 
th e lis t  condition ,  w h o p resumab l y ar e no t  utilizin g a n 
independen t  spatia l  representation .  T h e result s (se e fig .  6 ) 
indicat e n o significan t  differenc e i n th e n u m b e r  o f  l andmar k 
transposition s be twee n th e groups ,  (F, 2 35 )  =  0.20 ,  p  >  .05 )  an d 
an y trend s ar e i n th e w r o n g direction ,  wit h m a p subject s 
displayin g m o r e l andmar k transposition s tha n eitiie r  o f  th e 
othe r  groups . 

Accuracy for Stationary & Moving Events Another measure 
whic h migh t  provid e evidenc e fo r  o r  agains t  m a p subject s 
usin g a n independen t  spatia l  representatio n wou l d b e a 
differenc e i n th e accurat e placemen t  o f  mov in g an d stationar y 
events .  T h e presenc e o f  a n independen t  spatia l  representatio n 
woul d impl y a n advantag e fo r  stationar y events ,  whic h appea r 
twic e i n th e sam e location ,  ove r  mov in g events ,  whic h appea r 
i n differen t  location s o n eac h pas s throug h th e space .  M a p 
subjects ,  therefore ,  shoul d b e m o r e acciu-at e (adjacenc y 
scores )  tha n lis t  subject s fo r  stationar y events ,  an d thi s 
differenc e shoul d b e smalle r  fo r  m o v i n g events ,  wh ic h lis t 

subject s shoul d represen t  n o differentl y fro m stationar y 
events .  O u r  results ,  however ,  indicat e n o significan t 
differenc e betwee n instructiona l  condition s fo r  adjacenc y 
score s o f  eithe r  stationar y (Fjjjg ,  =  0.78 ,  p  >  .05 )  o r  m o v i n g 
event s (Fjjjg ,  =  0.27 ,  p  >  .05) .  Non-significan t  trend s exist ,  i n 
fact ,  i n th e w r o n g direction :  m a p subject s performe d wors e 

Stolionory Events 

Contro l  Lis t  Mop 
Instructiona l  Conditio n 

Movin g Event s 

Contro l  Lis t  t̂o p 
Instructiono l  Conditio n 

Figur e 7 :  Adjacenc y score s don' t  diffe r  betwee n 
instructiona l  conditions . 

than list or control subjects for stationary events, but 
performe d slighti y bette r  tha n eithe r  Us t  o r  contro l  subject s fo r 
m o v i n g event s (se e fig.  7 ) . 

Summary &  Conclusion s 

O ne s o m e w h a t  surprisin g finding  o f  thi s stud y i s th e abilit y o f 
subject s t o develo p globa l  spatia l  k n o w l e d g e o f  a  regio n from 
brie f  v iew s o f  a n are a presente d throug h th e two-d imensiona l 
v ide o display .  Independen t  o f  condition ,  subject s w e r e abl e 
t o pic k u p informatio n abou t  th e structur e a n d layou t  o f  th e 
env i ronment ,  imply in g tha t  spac e i s  eithe r  e n c o d e d 
incidentally ,  alon g wit h sequentia l  information ,  o r  tha t  i t  c a n 
b e reconstructe d from  sequentia l  k n o w l e d g e wit h a  fairl y  h ig h 
degre e o f  accuracy . 

T a k e n together ,  ou r  findings  s e e m t o indicat e th e lac k o f  a n 
independen t  spatia l  representatio n i n subject s tha t  w e r e aware , 
durin g fibn  viewing ,  tiiat  the y w o u l d b e require d t o construc t 
m a ps o f  th e depicte d space .  T h e finding  tha t  m a p subject s 
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wer e mor e likel y t o correctl y dra w th e camera' s pat h i n a 
figure-eigh t  layout ,  whil e lis t  an d contro l  subject s 
predominantl y dre w circula r  path s i s interestin g an d somewha t 
unexpected .  Thi s finding  seem s contradictor y t o th e 
commonl y hel d vie w tha t  surve y knowledg e emerge s fro m 
rout e knowledge ,  an d tha t  thi s proces s i s mediate d b y 
landmarks .  Instead ,  focusin g o n th e sequenc e o f  event s seem s 
t o interfer e wit h th e higher-leve l  structura l  representatio n o f 
space :  i n thi s cas e resultin g i n circula r  diagram s rathe r  tha n 
th e veridica l  figure-8  shap e traverse d b y th e camera ,  withou t 
affectin g th e numbe r  o f  encode d landmarks .  Thi s finding 
seems t o indicate ,  then ,  tha t  m a p subject s ha d acces s t o mor e 
accurat e spatia l  representations ;  however ,  th e simples t 
explanatio n ma y b e tha t  the y wer e abl e t o notic e aspect s o f  th e 
film  whic h helpe d constrai n thei r  effort s a t  constructin g a n 
accurat e spatia l  representatio n a t  th e tim e o f  map-drawing . 
N o ne o f  ou r  analyse s provid e an y stron g evidenc e tha t  a n 
independen t  spatia l  representatio n exist s prio r  t o map-drawin g 
i n ou r  subjects .  On e interpretatio n o f  thes e fmding s ca n b e 
made base d o n curren t  theorie s o f  rout e an d configiu-atio n 
knowledg e (Siege l  &  White ,  1975 ;  Millar ,  1994) .  Th e 
integratio n o f  procedura l  rout e knowledge ,  whic h i s necessar y 
fo r  th e developmen t  o f  accurat e configurationa l  knowledge , 
normall y occur s ove r  extende d period s o f  interactio n wit h a 
space .  I n thi s study ,  w e hav e force d subject s t o generat e 
configiirationa l  representation s o f  a  space ,  i n th e for m o f 
hand-draw n maps ,  afte r  a  ver y short ,  a s wel l  a s degrade d (i,e . 
passiv e viewin g o f  videotape) ,  exposure .  I t  ma y b e tha t  al l 
subject s ar e compilin g rout e knowledg e base d o n wha t  the y 
see ,  an d tha t  th e procedura l  natur e o f  thi s rout e knowledg e 
enable s subject s t o accuratel y relat e informatio n abou t  th e fibn 
i n term s o f  sequence ,  adjacency ,  an d loca l  relationship s 
betwee n event s an d landmarks .  Modifyin g th e goal s o f  th e 
m ap subject s b y informin g the m o f  th e upcomin g map -
drawin g tas k cause s the m t o specificall y atten d t o aspect s o f 
th e scen e whic h woul d normall y (afte r  prolonge d exposure )  b e 
use d t o integrat e informatio n from  severa l  independen t  route s 
int o a  configurationa l  representation .  Th e prematur e 
integratio n o f  configurationa l  knowledg e i s assiste d b y th e 
extr a attentiona l  processin g applie d t o th e critica l  junction -
point s o f  th e routes . 

Future  Research Clearly, a more carefiil analysis of the tasks 
describe d her e ca n b e accomplishe d b y measurin g dynami c 
aspect s o f  map-drawing ,  throug h th e us e o f  vide o protocols . 
Feature s such  a s th e timing  an d groupin g o f  ma p feature s m a y 
provid e bette r  evidenc e fo r  o r  agains t  independen t  spatia l 
representations .  I n addition ,  planne d linguisti c an d gestura l 
analyse s o f  elicite d description s o f  videotape d scene s wil l 
provid e a  shghtl y differen t  loo k a t  th e menta l  representation s 
of  space . 
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