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W h e r e a m I ? Similarit y J u d g m e n t  a n d Expe r t  Localizatio n 
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Center for Research in Learning, Perception, and Cognition 
Universit y o f  Minnesot a 

20 5 Ellio u Hal l 
75 Eas t  Rive r  Roa d 

Minneapolis ,  Minnesot a 5545 5 
k ip @ umnsom.bitne t 

Abstrac t 

How do skilled map-readers use topographic maps to 
figur e ou t  wher e i n th e worl d the y are ? Ou r  researc h 
addresse s thi s questio n b y studyin g th e proble m solvin g 
of  experience d map-reader s a s the y solv e localizatio n 
Where a m I ? -  problems .  Localizatio n relie s upo n 
judgment s o f  similarit y an d differenc e betwee n th e 
contou r  informatio n o f  th e ma p an d th e topographi c 
informatio n i n th e terrain .  I n thi s pape r  w e discus s 
experiment s tha t  focu s o n ho w map-reader s us e attribute s 
and structura l  relation s t o suppor t  judgment s o f  similarit y 
and difference .  I n ou r  fiel d an d laborator y experiments , 
experience d map-reader s implicitl y  defin e attribute s t o b e 
detaile d descriptor s o f  individua l  topographi c features . 
They us e structura l  relation s tha t  lin k tw o o r  mor e 
topographi c feature s a s predicates .  Th e time-cours e o f 
thei r  proble m solvin g suggest s tha t  attribute s an d 
relation s ar e psychologicall y distinct .  Attribute s lik e 
slope ,  e.g. ,  "stee p (hill)" ,  suppor t  onl y initia l  judgment s 
of  difference .  Relation s lik e "(thi s hill )  fall s  steepl y 
down int o ( a valley) "  ar e mor e powerful ,  supportin g bot h 
judgment s o f  differenc e an d judgment s o f  similarity . 
Judgment s base d o n relation s ar e use d t o tes t  hypothese s 
abou t  location .  Experience d ma p reader s exploi t  th e 
distinctio n betwee n attribute s an d relation s a s the y solv e 
localizatio n problem s efficiently . 

Localization - the 'Where am I?' problem 

i n n a v i g a t i o n ^ 

Localization is the familiar task of finding the point on a 
map tha t  represent s you r  viewpoin t  i n th e world .  Anyon e 
who ha s eve r  bee n los t  know s tha t  localizatio n ca n pos e a 
difficul t  problem .  I t  i s  a  fundamenta l  componen t  o f  al l 
navigatio n i n large-scal e space .  Divers e profession s (e.g. , 
geolog y an d airborn e infantry )  requir e individual s t o 
become skille d a t  localization .  Th e wor k reporte d her e 
elucidate s th e role s o f  topographi c features ,  attribute s o f 
features ,  an d relation s amon g feature s i n th e judgment s tha t 
establis h correspondenc e betwee n m a p an d terrain . 

Maps ar e representation s tha t  preserv e wit h fidelit y a 
selecte d subse t  o f  th e informatio n availabl e i n a  sectio n o f 
th e world .  Th e informatio n containe d i n a  m a p provide s a 
contex t  fo r  th e map-reader :  localizatio n judgment s base d 
upo n a  m a p ca n onl y b e mad e wit h referenc e t o th e typ e o f 
informatio n i t  make s available .  W e restric t  ou r  stud y t o 
topographi c map s becaus e the y provid e a  clear ,  familiar . 

'Thi s wor k wa s supporte d b y N S F Gran t  IRI-890188 8 (funde d 
i n par t  b y D A R P A)  an d A F O S R Gran t  88-0187 . 

and pragmaticall y usefu l  contex t  fo r  constructin g a  theor y 
of  localizatio n tha t  wil l  assis t  th e desig n o f  intelligen t 
system s t o contro l  vision-base d robo t  navigation . 

W h en usin g a  topographi c m a p t o solv e a  localizatio n 
problem ,  th e map-reade r  mus t  find  th e locatio n amon g th e 
contour s tha t  matche s th e viewpoin t  i n th e terrain .  Th e 
viewpoin t  i s  th e locatio n i n th e worl d wher e on e happen s 
t o b e standing .  I t  determine s wha t  ca n b e see n an d wha t  i s 
occluded .  Th e viewpoin t  dependenc e o f  terrai n informatio n 
tightl y constrain s proble m solving .  I t  determine s th e 
topographi c feature s an d relation s amon g thos e feature s 
tha t  ca n b e use d t o generat e an d tes t  hypothese s abou t 
location .  Map-reader s necessaril y  relat e terrai n informatio n 
t o thei r  viewpoin L 

Th e constrain t  o f  viewpoin t  dependanc e an d th e contex t 
provide d b y topographi c map s transfor m localizatio n int o 
th e tas k o f  findin g th e contour s o n th e m a p tha t 
characteriz e a  layou t  simila r  t o tha t  see n fro m th e 
viewpoint .  Determinin g th e correspondenc e betwee n m a p 
and terrai n relie s o n judgment s o f  similarit y an d differenc e 
betwee n th e contou r  informatio n o f  th e m a p an d th e 
topographi c informatio n i n th e terrain . 

Ther e ar e frequentl y m a n y location s o n a  topographi c 
m ap tha t  appea r  simila r  t o th e viewpoint .  Eac h m a y b e 
entertaine d a s a  hypothesis .  Selectin g th e hypothesi s tha t 
provide s th e bes t  matc h t o th e terrai n relie s o n judgment s 
tha t  discriminat e a m o n g competin g hypotheses .  Thus , 
ther e ar e tw o basi c step s t o localizatio n proble m solving : 
(1 )  generatin g hypothese s tha t  relat e m a p an d terrai n 
informatio n an d (2 )  testin g thes e hypothese s b y identifyin g 
th e bes t  match .  Similarit y judgmen t  i s essentia l  t o both . 

Localization and similarity judgment 

Genmer (1983) and Medin, Goldstone, and Centner (1990) 
emphasiz e th e rol e o f  relation s a m o n g object s i n 
judgment s o f  perceptua l  similarity .  Thei r  notio n o f 
structure-mappin g hold s tha t  th e relation s a m o n g object s 
constrai n judgment s o f  similarit y an d are ,  i n fact ,  mor e 
centra l  t o th e proces s o f  judgmen t  tha n ar e th e individua l 
object s themselves .  Thi s emphasi s o n th e structur e tha t 
relation s impos e o n thei r  constituen t  object s i s intuitivel y 
consisten t  wit h th e correspondence s tha t  map-reader s mus t 
make t o compar e a  m a p t o th e terrai n the y see . 

Tversk y (1977 )  introduce s th e notio n tha t  judgment s o f 
similarit y depen d o n th e contex t  o f  th e tas k i n whic h the y 
ar e embedded .  H e specifie s a  rul e fo r  calculatin g similarity . 
He implie s tha t  applicatio n o f  th e rul e i s dependan t  o n th e 
tas k contex t  bu t  doe s no t  indicat e specificall y how .  Medi n 
et  al .  (1990 )  seiz e o n thi s insigh t  an d sugges t  tha t  th e 
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relationa l  structur e a m o n g object s provide s th e contex t 
missin g i n Tversky' s (1977 )  model .  Thi s to o matche s th e 
demands o f  th e localizatio n task .  Topograph y provide s no t 
onl y a  contex t  bu t  als o a n intrinsi c structur e withi n whic h 
a map-reade r  view s bot h th e terrai n an d th e map . 

A ke y componen t  o f  th e structur e mappin g hypothesi s i s 
a fundamenta l  distinctio n a m o n g objects ,  relations ,  an d 
attributes .  W e embrac e thi s distinction .  I n thi s paper ,  w e 

cal l  th e topographi c object s tha t  captur e a  map-reader' s 
attention/earure5 ,  e.g. ,  " 1 se e a  valley" .  A n attribut e i s a 
property ,  lik e gradient ,  tha t  embellishe s th e descriptio n o f 
a feature ,  e.g. ,  " I  se e a  stee p valley" .  A  relatio n i s a 
connectiv e propert y tha t  canno t  b e hun g o n an y on e 
feature ;  relation s spa n tw o o r  mor e features ,  e.g. ,  " W h e n I 
loo k southeast ,  I  se e th e groun d fall s abruptl y int o a 
valley" .  I n thi s example ,  th e relatio n i s a  predicat e tha t 
link s th e map-reader' s viewpoin t  t o a  distan t  feature . 

Sinc e localizatio n i s a  veridica l  task ,  individual s w h o 
hav e develope d thi s skil l  ar e readil y identifiable .  The y 
includ e professional s w h o m a k e thei r  livin g finding  thei r 
w ay aroun d th e worl d usin g topographi c map s (e.g. , 
geologist s an d wildernes s guides )  an d seriou s recreationist s 
(e.g. ,  orienteer s an d outfitters) .  B y investigatin g th e 
proble m solvin g o f  experience d map-reader s a s the y solv e 
localizatio n problems ,  w e gai n insigh t  int o th e method s 
use d i n efficien t  localizatio n proble m solving . 

Thes e consideration s lea d u s t o believ e tha t  studie s o f 
localizatio n proble m solvin g ca n she d ligh t  o n thre e 
curren t  issue s i n similarit y judgment :  (1 )  th e clai m tha t  th e 
structur e o f  relation s amon g feature s i s mor e vita l  t o thes e 
judgment s tha n feature s take n independently ,  (2 )  th e utilit y 
of  makin g a  distinctio n betwee n relation s an d attributes , 
and (3 )  th e pnx^esse s b y whic h thes e judgment s ar e made . 

Experiment 1: Field studies 

The goal of Experiment 1 was to address these issues using 

as dat a th e thinking-alou d report s (protocols )  o f  experience d 
map-reader s solvin g a  localizatio n proble m (Thompson , 

Pick .  Bennett ,  Heinrichs ,  Savitt .  &  Smit h 1990) . 

Method 

Sub jec ts .  A  tota l  o f  2 9 experience d map-reader s 
includin g professiona l  geologists ,  champio n orienteers ,  an d 
wildernes s guide s participate d i n Experimen t  1 . 
Procedure .  Individua l  subject s wer e blindfolde d an d 
drive n approximatel y 3 0 mile s t o a  roa d acces s abou t  one -
quarte r  mil e fro m th e statio n point :  th e poin t  i n th e terrai n 
t o b e foun d o n th e map .  The y wer e le d acros s a  leve l  field 
and u p a  hil l  t o th e statio n point .  Onc e there ,  th e blindfol d 
was remove d an d the y wer e give n a  topographi c m a p 
attache d t o a  clipboard .  Th e m a p i s a  croppe d U.S.G.S . 
topographi c m a p fro m whic h al l  non-topographi c 
informatio n (culture )  ha s bee n deleted .  Th e m a p contain s 
onl y contou r  informatio n abou t  elevation . 

Th e statio n poin t  i s  a  roughl y circula r  hil l  tha t  i s  th e 
westwar d extensio n o f  a  large r  highland .  A  distinctiv e 
attribut e i s it s stee p slop e t o th e southwest .  A  secon d 
roun d hil l  wit h a  simila r  orientatio n i s selecte d a s a n 
alternativ e hypothesi s b y al l  subjects .  Thi s hil l  form s a 
garde n pat h hypothesi s (Johnson ,  M o e n ,  &  Thompso n 

1988) :  it s  similarit y t o th e correc t  solutio n an d it s positio n 
i n th e cente r  o f  th e m a p lea d man y subject s t o conside r  i t 
earl y i n thei r  proble m solving .  Bot h hav e a  pon d t o th e 

north .  Othe r  alternative s ar e als o considere d b y mos t 
subjects .  S o m e subject s conside r  a s man y a s eigh t  differen t 

alternatives .  Selectio n o f  th e correc t  solutio n doe s no t 
appea r  t o depen d o n th e numbe r  o f  alternative s considered . 

Th e subjects '  tas k wa s t o find  thei r  viewpoin t  o n th e 
map.  Durin g th e driv e t o th e site ,  the y ha d bee n briefe d o n 
th e procedur e an d insuiicie d t o thin k alou d an d t o poin t  t o 
what  the y wer e talkin g abou t  a s the y addresse d th e task . 
Subject s spen t  a n averag e o f  4 5 minute s o n th e task . 

Subjects '  verba l  report s wer e recorde d a s the y though t 
aloud .  Simultaneously ,  thei r  behavio r  wa s videotape d t o 
provid e informatio n abou t  wher e the y wer e lookin g (an d 
pointing )  whil e thinkin g aloud .  Th e verba l  report s wer e 
transcribe d an d th e composit e audiovisua l  protocol s 
coordinate d an d scored .  Scorin g focuse d o n tw o aspect s o f 
proble m solving :  o n th e typ e o f  informatio n attende d t o 
and h o w tha t  informatio n wa s used . 

T h e scorin g procedur e identifie s th e sourc e o f 
information ,  th e m a p o r  th e terrain ,  an d thre e categorie s o f 
informatio n -  features ,  relations ,  an d attributes .  W e defin e 

feature s a s individua l  topographi c object s tha t  ou r  subject s 
identif y wit h a  familia r  coun t  noun ,  e.g. ,  hill ,  valley , 
pond .  Eac h subject' s lexico n i s smal l  an d consistent .  Th e 
composit e lexico n acros s subject s provide s a  taxonom y o f 
usefu l  topographi c terms .  Attribute s ar e propertie s tha t 
modif y individua l  features .  Subject s tende d t o us e bipolar , 
qualitativ e attribute s t o differentiat e a m o n g simila r 
features ,  e.g. ,  narro w o r  wide ,  stee p o r  shallow .  Relation s 
ar e connective s tha t  conjoi n tw o o r  mor e feature s int o a 
singl e structura l  uni t  w e cal l  a  configuratio n o f  features . 
S o me relation s ar e purel y topologi c connectives ,  e.g. , 
behind ,  below .  Mos t  configuration s ar e expresse d b y 
qualitativ e predicates ,  e.g. ,  "an d the n i t  (featur e 1 )  get s 
stee p d o w n int o (featur e 2)" .  Us e o f  quantitativ e relations , 
e.g. ,  highe r  than ,  a  mil e apart ,  i s  les s c o m m o n . 

Configuration s constrai n proble m solvin g mor e 
effectivel y tha n d o individua l  features .  Fo r  example ,  ther e 
ar e fewe r  matche s t o " a hig h spo t  goin g d o w n steepl y t o 
s o me lakes "  tha n t o a n individua l  hil l  o r  pond . 
Distinguishin g amon g features ,  attributes ,  an d relation s i s 
consisten t  wit h th e argument s mad e b y Genme r  (1983 )  an d 
Medinetal.(1990) . 

Analysi s o f  th e protocol s als o identifie s component s o f 
th e proble m solvin g process .  Thre e o f  thes e processe s 
involv e judgment s o f  similarit y and/o r  difference . 
Localizatio n proble m solvin g i s initiate d b y a n extende d 
perio d o f  reconnaissance .  Reconnaissanc e identifie s 
features ,  attributes ,  an d relation s fo r  subsequen t  processing . 
Subject s retur n t o reconnaissanc e t o gathe r  additiona l 
information .  M a t c h i n g i s a  for m o f  argumen t  tha t 
marshall s evidenc e tha t  th e feature s o r  configuration s see n 
i n th e terrai n correspon d t o thos e see n i n th e map ,  o r  vic e 
versa .  Hypothesi s generatio n i s a n explici t  statemen t  abou t 
a particula r  locatio n o n th e m a p tha t  m a y represen t  th e 
viewpoint .  Localizatio n conclude s wit h wholesal e 
acceptanc e o f  a  hypothesis . 
Conditio n L  Th e 1 7 subject s i n th e firs t  conditio n wer e 
instructe d t o remai n a t  th e statio n poin t  a s the y attempte d 
t o solv e th e problem .  The y wer e permitte d t o m o v e a  fe w 
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fee t  i n turnin g around .  A s thi s tas k prove d extremel y 
difficult ,  a  secon d conditio n wa s introduced . 
Conditio n 2 .  I n th e secon d condition ,  th e 1 2 subject s 
wer e free  t o wal k abou t  an d t o explor e th e terrain . 

Results 

Solution .  O f  th e 1 7 stationar y subjects ,  onl y on e arrive d 
at  th e correc t  solution .  Si x o f  th e 1 2 explorin g subject s 
arrive d a t  th e correc t  solution .  Thi s differenc e i n 

performanc e i s significant ,  x ^  =  560 ,  p  <  0.05 ,  d f  =  1 . 

Judgments of similarity and difference. All 
subject s begi n b y identifyin g salien t  feature s fro m th e 
terrai n an d th e map .  The y m a y begi n wit h th e terrai n an d 
move t o th e map ,  o r  begi n wit h th e m a p an d mov e t o th e 
terrain .  Subject s ma y identif y a  larg e numbe r  o f  feature s o r 
ke y o n a  fe w salien t  features .  Th e subjec t  highlighte d i n 
Tabl e 1  begin s b y describin g hi s o w n positio n i n th e 
terrai n a s a  relativel y hig h are a an d identifyin g similarl y 
hig h area s i n th e m a p (line s 4-5) .  Base d o n th e fe w feature s 
he extract s i n th e first  2 5 second s o f  reconnaissance ,  h e 
generate s a  pai r  o f  hypothese s (line s 10-11) .  On e o f  thes e 
hypothese s i s th e correc t  locatio n o n th e map .  Th e secon d 
i s th e garde n pat h hypothesis . 

Reconnaissanc e followe d b y hypothesi s generatio n i s 
typica l  o f  highl y proficien t  subjects .  Identificatio n o f 
feature s appear s t o b e sufficien t  t o generat e informe d 

hypotheses .  M a n y subject s spen d considerabl e tim e 
identifyin g feature s an d assemblin g configuration s o f 
feature s befor e generatin g hypotheses .  Subject s the n 
procee d t o focu s o n relation s an d judgment s o f  similarit y 
and differenc e t o evaluat e thos e hypotheses . 

Singl e attribute s ofte n provid e sufficien t  informatio n t o 
judg e tha t  a  m a p featur e canno t  stan d fo r  a  terrai n feature . 
That  is ,  differenc e judgment s ar e ofte n base d o n singl e 
features .  A n exampl e o f  a  judgmen t  o f  differenc e base d 
upo n a n attribut e i s show n i n Tabl e 1  (line s 87-90) . 

As show n i n Tabl e 1 ,  th e subjec t  follow s hi s generatio n 
of  hypothese s wit h th e assembl y o f  severa l  configurations , 
on e o f  whic h i s containe d i n line s 1 5 t o 19 .  H e conjoin s 
hi s descriptio n o f  hi s viewpoint ,  " a knob" ,  t o th e "strea m 
valle y below "  wit h th e predicat e "get s prett y stee p dow n 
into" .  Th e stee p descen t  fro m hi s kno b t o th e strea m valle y 
becomes a  structura l  constrain t  o n similarit y judgment . 

Afte r  assemblin g severa l  othe r  configuration s bot h i n th e 
terrai n an d th e map ,  h e proceed s t o attemp t  t o matc h them . 
Thi s matchin g necessaril y  entail s judgment s o f  similarity . 
O ne suc h matc h i s show n i n Tabl e 1  (line s 38-43) .  H e 
begin s b y reiteratin g a  configuratio n extracte d fro m th e 
terrai n (lin e 38) .  H e turn s hi s attentio n t o th e m a p t o 
matc h feature s constraine d b y th e sam e relatio n (line s 41 -
43) .  H e the n judge s th e tw o configuration s t o b e 
sufficientl y simila r  t o suppor t  th e hypothesis . 

T A B L E 1  S IM ILARIT Y J U D G M E NT I N L O C A L I Z A T I O N 

key :  4 

1 Identif y feature s includin g 
viewpoint ,  relations ,  an d 
attributes .  Matc h feature s t o guid e 
assembl y o f  configurations . 

2 Assembl e configuration s -
description s o f  th e topographi c 
layou t  o f  relation s amon g feature s 
includin g th e viewpoin t 

3 Generat e viewpoin t  hypothese s 

4 Eliminatin g alternative s usin g 
attribute s t o mak e judgment s o f 
differenc e 

5 Matchin g configuration s usin g 
relation s amon g feature s t o mak e 
judgment s o f  similarit y 

6 Comparin g hypothese s usin g 
relation s t o mak e judgment s o f 
differenc e 

-  lin e number ;  M -  m a p information ;  T  terrai n informatio n 

4 

5 

15 
16 
17 
18 
19 

10 
11 

87 
88 
89 
90 

38 

39 
40 

41 
42 

43 

47 
48 
49 
50 
51 
52 

T 

M 

T 
T 
T 
T 
M 

M 
M 

M 
M 
T 
M 

T 

T 
M 

M 
M 

M 

M 
M 
M 
M 
M 
T 

Al l  right,  wel l  I  notice d I' m a t  on e o f  th e highe r  point s withi n thi s area ,  s o 
that' s importan t 
So I' m first  lookin g o n th e map ,  fo r  som e highe r  point s o n th e map . 

but  wha t  I  wa s actuall y lookin g a t  i s ho w steepl y th e hil l  drop s off . 
And it' s kin d o f  a  kno b right  her e we'r e standin g on , 
and the n generall y no t  ver y stee p 
and the n i t  look s lik e i t  get s prett y stee p dow n int o a  valle y t o th e east . 

Ok,  s o I' m lookin g fo r  th e sam e type s o f  thing s o n th e map . 

Urn ,  fo r  exampl e say ,  somewher e her e ( H Y P O 1  -  C O R R E C T ), 
or  o n a  hil l  her e ( H Y P O 2  -  G A R D EN P A T H ) . 

And,  se e I' m kin d o f  lookin g u p her e ( H Y P O 3 ) 
*caus e thi s als o ha s a  hil l 
but  um,.. .  N o w straigh t  t o th e nort h i t  shoul d b e quit e stee p 
So,  tha t  doesn' t  see m likely .  (REJEC l  H Y P O 3 ) 

I' m a t  a  hig h point .  Directl y nort h i s a  fairl y fiat  are a an d nort h o f  tha t  i t  get' s 
stee p an d the n there' s th e lake ,  ok . 
and I' m tryin g t o matc h thos e feature s wit h wha t  I  se e her e o n th e map . 
Ok,  ah ,  fo r  instance ,  again .  Let' s g o bac k t o thi s plac e ( H Y P O 1 )  ,  ok ,  s o 
here' s a  highe r  area . 
Here' s a  generall y fla t  area . 
Then i t  goe s dow n steepe r  her e an d i t  look s lik e there' s valle y comin g throug h 
here . 
And the n possibl y som e lake s o r  pond s here . 

Ok,  I  stil l  kin d o f  lik e thi s are a ( H Y P O 1) , 
But  the n I  wa s lookin g u p o n th e map .  I  als o hav e a  hig h here ,  ( H Y P O 2 ) 
and wit h ( a pond?),. .  that' s no t  ver y fa r  a t  all . 
I t  jus t  doesn' t  see m t o wor k wel l 
becaus e there' s a  fairl y  stee p an d lon g gradien t  her e befor e yo u ge t  t o a  fla t  par t 
and I  don' t  se e tha t  wher e we'r e standing . 
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Thi s i s a  consisten t  patter n i n ou r  protocols .  Judgment s 
of  similarit y ar e use d t o suppor t  hypotheses .  The y ar e als o 
use d t o compar e hypotheses .  On e suc h compariso n i s 
shown i n line s 47-52 .  I n thi s passage ,  a  ma p configuratio n 

relatin g a  hig h are a an d a  pon d i s compare d wit h th e terrai n 
configuratio n state d i n lin e 38 .  Thi s relatio n i s a  suitabl y 
stron g constrain t  t o rejec t  thi s alternative . 

Summary 
The field  protocol s revea l  th e critica l  rol e o f  similarit y an d 
differenc e judgment s i n localizatio n proble m solving .  O f 
th e si x component s itemize d i n Tabl e 1 .  th e fina l  thre e 

involv e similarit y an d differenc e judgments .  Topographi c 
relation s tha t  lin k feature s (includin g th e viewpoint ) 
suppor t  bot h similarit y an d differenc e judgments . 
Attribute s o f  feature s suppor t  differenc e judgments . 

Thi s differenc e i n powe r  betwee n relation s an d attribute s 
may explai n th e differenc e i n performanc e betwee n th e 
stationar y an d explorin g conditions .  Subject s wh o wer e 
allowe d t o explor e th e terrai n ha d bette r  acces s t o 
informatio n i n genera l  an d bette r  informatio n abou t  thei r 
viewpoin t  i n particular .  The y use d thi s informatio n t o 
assembl e richer  configuration s tha t  include d th e viewpoin t 
The experimenta l  manipulatio n canno t  distinguis h whethe r 
th e informatio n fro m th e viewpoin t  o r  abou t  th e terrai n a t 
larg e i s th e mor e valuabl e fo r  successfu l  localization . 

Experiment 2: Laboratory studies 

Experiment 2 is a laboratory simulation of the localization 
tas k i n whic h th e amoun t  o f  ma p informatio n availabl e t o 
th e subject s wa s manipulated .  I n a n earlie r  study ,  map s 
wer e maske d s o a s t o obscur e a  portio n o f  th e ma p 
(Heinrichs ,  Montello ,  Nussl6 ,  &  Smit h 1989) .  Ther e wer e 
thre e maskin g condition s i n tha t  study :  th e mas k covere d 
eithe r  th e inne r  one-third ,  th e oute r  two-thirds ,  o r  th e oute r 
one-thir d o f  th e map .  Th e contro l  conditio n use d a n 
unmaske d map .  Subject s wer e presente d wit h on e o f  th e 
fou r  conditions .  Fiv e pair s o f  maske d an d contro l 
condition s wer e selecte d fo r  th e presen t  experimen t 

The goa l  o f  experimen t  2  wa s t o determin e whethe r  ma p 
informatio n aroun d th e viewpoin t  i s  generall y mor e 
informativ e tha n othe r  region s o f  th e map .  A  secon d ai m 
was t o elucidat e bette r  th e differen t  role s o f  relation s an d 
attributes .  Th e thir d ai m wa s t o examin e a  variet y o f 
location s i n orde r  t o generaliz e beyon d th e singl e locatio n 
used i n th e fiel d experiment . 

Method 

Subjects .  Te n subject s fro m th e sam e poo l  o f 
experience d map-reader s participate d i n Experimen t  2 . 
Apparatus .  Subject s wer e presente d wit h topographi c 
maps o f  five  locations ,  tw o i n Minnesota ,  tw o i n Ne w 
Mexico ,  an d on e i n Arizona .  A s i n Experimen t  1 ,  th e 
maps ar e enlarge d an d croppe d copie s o f  U.S.G.S . 
topographi c map s wit h al l  cultur e removed .  Th e map s wer e 
marke d wit h a  singl e poin t  a t  th e cente r  o f  th e ma p tha t 
identifie d th e locatio n fro m whic h colo r  slide s wer e taken . 
The slide s wer e take n wit h a  camer a mounte d o n a  trifxx l  a t 
eye level .  Th e lin e o f  sigh t  wa s horizontal .  A  complet e se t 

of  twelv e picture s covere d th e whol e 36(/ ^  panorami c view . 

For  th e experiment ,  eithe r  on e vie w o r  thre e non -
overlappin g view s wer e selecte d fo r  presentatio n t o th e 
subjec t  Slide s wer e presente d o n a  rea r  projectio n scree n i n 
a darkene d laborator y room .  Th e subjec t  sa t  12 0 c m awa y 
fro m th e scree n wit h a  readin g lam p illuminatin g th e ma p 
fro m behind .  A  remot e contro l  allowe d th e subjec t  t o 
advanc e o r  reverse  th e slide s a t  will . 
Procedure .  Subject s solve d tw o type s o f  localizatio n 
problems .  I n th e first ,  on e arro w wa s draw n o n th e ma p 
leadin g fro m th e cente r  point .  Subject s use d a  remot e 
conu-o l  t o vie w th e thre e slides .  Thei r  tas k wa s t o selec t 
th e slid e tha t  corresponde d t o th e terrai n tha t  woul d b e see n 
lookin g i n th e directio n o f  th e arro w o n th e map .  I n th e 

secon d typ e o f  problem ,  thre e arrow s separate d b y 120* ^ 
wer e draw n o n th e ma p leadin g fro m th e cente r  point . 
Subject s wer e show n onl y on e slide .  Thei r  tas k wa s t o 

selec t  whic h o f  th e arrow s o n th e ma p corresponde d t o th e 
vie w o f  th e terrai n i n th e slide .  Thes e procedure s presente d 
option s tha t  subject s coul d entertai n a s hypotheses . 

As i n th e field  study ,  subject s wer e aske d t o thin k alou d 
whil e solvin g th e problems .  Collectio n o f  concurren t 
verba l  reports ,  videotaping ,  an d scorin g o f  th e resultin g 
protocol s followe d th e procedure s o f  Experimen t  1 . 
Conditio n 1 .  T o investigat e whethe r  informatio n abou t 
th e viewpoin t  i s  favore d ove r  informatio n fro m mor e 
distan t  areas ,  ma p informatio n wa s selectivel y maske d i n 
th e first  condition .  I n fou r  o f  th e five  trial s (on e tria l  fo r 
each se t  o f  map s an d slides )  a  blac k circl e maske d th e inne r 
1/ 3 o f  th e map .  I n th e fift h (Arizona )  a  blac k annulu s 
masked th e oute r  2/ 3 o f  th e map . 
Conditio n 2 .  A s a  contro l  condition ,  subject s als o 
solve d th e sam e se t  o f  five  task s i n a  'ful l  map '  conditio n 
i n whic h th e mask s wer e remove d fro m th e maps .  Eac h 
subjec t  solve d th e problem s twice ,  firs t  i n th e maske d 
conditio n an d i n th e ful l  ma p condition .  Thi s manipulatio n 
allowe d within-subject s an d within-localio n comparisons . 

Results 

Solution .  Accurac y wa s significantl y bette r  i n th e ful l 
map conditio n (66% )  tha n i n th e maske d condition(44%) , 
t(9 )  =  3.16 ,  p  <  0.05 .  I n th e ful l  ma p condition , 
performanc e i s significantl y differen t  fro m chance ,  t(9 )  = 
6.27 ,  p  <  0.001 ,  bu t  no t  i n th e maske d condition . 
Judgment s o f  similarit y an d difTerence .  I n thi s 
sectio n w e compar e judgment s withi n subject s an d acros s 
condition s fo r  thre e o f  th e five  tasks . 

I n th e first  task ,  subject s viewe d on e slid e o f  rollin g 
terrai n typica l  o f  southeaster n Minnesota .  Th e majo r 
discriminatin g featur e i n th e slid e i s a  prominen t  hill . 
Many subject s find  th e hil l  s o salien t  tha t  the y bas e thei r 
judgment s o n a  matc h t o thi s feature .  The y wer e give n a 
map wit h thre e arrow s t o choos e among .  I n th e maske d 
condition ,  th e mas k cover s th e inne r  1/ 3 o f  th e ma p an d 
totall y obscure s th e prominen t  hill .  On e o f  th e thre e 
arrow s crosse s a  hil l  i n th e unmaske d regio n o f  th e map . 
Subject s wh o spen d a  disproportionat e amoun t  o f  tim e o n 
th e slid e selec t  thi s (incorrect )  arrow .  Th e salien t  hil l  lead s 
the m dow n a  garde n path .  The y ignor e informatio n abou t 
th e relatio n o f  distanc e betwee n th e viewpoin t  an d th e 
featur e an d ar e le d t o a n incorrec t  solution . 

I n th e ful l  ma p conditio n al l  subject s selec t  th e correc t 
answer .  Th e availabilit y  o f  informatio n nea r  th e viewpoin t 
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pull s thei r  auentio n t o th e distance s betwee n th e viewpoin t 
and th e variou s hill s  alon g th e arrows .  A s onl y on e o f 
thes e distance s i s simila r  t o wha t  i s  see n i n th e slide ,  th e 
correc t  arro w i s selected . 

I n th e secon d task ,  subject s viewe d on e slid e o f 
mountainou s Sonora n Deser t  terrai n an d wer e give n thre e 
arrow s o n th e ma p t o choos e among .  I n th e maske d 
condition ,  th e mas k cover s th e oute r  two-third s o f  th e map . 
Thi s tas k i s uniqu e i n tha t  mos t  subject s correctl y answe r 
bot h th e maske d an d full-ma p conditions . 

Subject s focu s thei r  attentio n o n th e orientatio n o f  a 
serie s o f  smal l  ridge s an d valleys .  I t  i s  clea r  tha t  th e 
relatio n o f  parallelis m amon g thes e feature s (no t  includin g 
th e viewpoint )  i s  sufficientl y diagnosti c t o rais e onl y on e 
of  th e offere d choice s t o th e leve l  o f  a  hypothesis . 

The ful l  ma p conditio n produce s a  secon d finding.  I t 
reveal s a  hig h hil l  i n th e distanc e t o th e lef t  o f  on e o f  th e 
arrows .  Subject s find  tha t  th e hill s  i n th e slid e ar e no t  a s 
hig h an d immediatel y eliminat e tha t  arro w fro m furthe r 
consideration .  Thi s resul t  support s th e inferenc e tha t 
attribute s ar e sufficien t  t o suppor t  judgment s o f  difference . 

I n th e thir d task ,  th e inne r  one-thir d o f  th e ma p i s 
occlude d an d on e arro w i s show n o n th e map .  Subject s 
viewe d thre e slide s o f  a n are a adjacen t  t o a  larg e river  valle y 
i n easter n Minnesota .  Thei r  tas k i s t o selec t  th e slid e tha t 
contain s th e terrai n the y woul d se e lookin g i n th e directio n 
indicate d b y th e arro w o n th e map .  Th e mas k coverin g th e 
viewpoin t  make s i t  appea r  a s thoug h th e viewpoin t  i s 
withi n a  valle y an d th e viewin g directio n i s u p a t  a  hill . 
The viewpoin t  i s  actuall y o n th e cres t  o f  a  smal l  ridge  tha t 
i s  completel y obscure d b y th e mask . 

One o f  th e slide s contain s a  lon g gentl e slop e u p t o a 
distan t  hill .  I n th e maske d condition ,  man y subject s mak e 
a reasonabl e assumptio n an d incorrectl y selec t  thi s slide . 
By occludin g th e viewpoint ,  th e maske d conditio n 
eliminate s vita l  informatio n abou t  th e distributio n an d 
relation s amon g feature s i n th e terrai n an d prevent s correc t 
solution .  Correc t  solutio n o f  thi s localizatio n proble m 
clearl y require s matchin g o n th e basi s o f  relation s o f 
feature s tha t  includ e th e viewpoin t 

Summary 

The firs t  tas k show s th e superiorit y o f  a  judgmen t  o f 
similarit y base d o n a  configuratio n ove r  a  judgmen t  base d 
solel y o n a  salien t  feature .  Th e secon d tas k als o show s th e 
superiorit y o f  a  judgmen t  o f  similarit y base d o n a 
configuratio n ove r  a  judgmen t  base d solel y o n a  feature .  I n 
addition ,  i t  reveal s relianc e o n th e attribute s o f  a  featur e t o 
justif y a  judgmen t  o f  difference .  Th e thir d suggest s tha t 
successfu l  localizatio n ofte n require s ful l  knowledg e o f  th e 
relation s tha t  ti e th e viewpoin t  t o nearb y features . 

Discussion 

Experienced map-readers adopt a basic generate and test 
strateg y t o solv e localizatio n problems .  The y mov e i n 
eithe r  direction ,  fro m ma p t o terrai n an d fro m terrai n t o 
map,  a s the y attemp t  t o figure  ou t  wher e i n th e worl d the y 
are .  Judgment s o f  similarit y an d differenc e infor m bot h th e 
generatio n an d testin g o f  hypotheses . 

The tw o experiment s revea l  tha t  structura l  relation s o f 
feature s pla y a  ke y rol e i n bot h th e generatio n an d testin g 
of  localizatio n hypotheses .  The y als o sho w a  fundamenta l 

differenc e i n th e role s playe d b y relation s an d attributes . 
The protocol s revea l  tha t  experience d map-reader s mak e 
thi s distinction .  Attribute s ar e use d t o mak e preliminar y 
judgment s abou t  potentia l  hypothese s (Tabl e 1 ,  Sectio n 4 ) 
wherea s relation s ar e use d t o scrutiniz e hypothese s (Tabl e 
I ,  Section s 5  &  6) .  Feature s an d relation s guid e th e 
assembl y o f  configurations .  Attempt s t o matc h ma p an d 
terrai n configuration s infor m hypothesi s testing .  Thes e 
test s rel y o n judgment s o f  th e similarit y o f  relations . 
Relation s ar e als o use d i n judgment s o f  differenc e t o 
discriminat e amon g competin g hypotheses .  I n contrast , 
attribute s ar e use d onl y fo r  judgment s tha t  eithe r  eliminat e 
an alternativ e o r  rais e i t  t o th e statu s o f  hypothesis . 

Thre e question s remain :  I n judgment s o f  topographi c 
similarit y an d difference ,  ar e som e relation s mor e 
importan t  tha n others ? I n th e judgment s o f  topographi c 
difference ,  ar e som e attribute s mor e importan t  tha n others ? 
How d o thes e var y wit h th e natur e o f  th e terrain ? 

The role s playe d b y relation s an d attribute s i n judgment s 
of  similarit y an d differenc e ar e pa n o f  a  large r  theor y o f 
localizatio n proble m solving .  Thi s theor y i s t o b e 
embodie d i n a  syste m designe d t o contro l  th e navigatio n o f 
vision-base d mobil e robot s i n dynami c environments . 
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