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Abstrac t 

Distanc e estimatio n ha s bee n use d extensivel y i n th e 
investigatio n o f  cognitiv e maps ,  ye t  i t  i s no t  wel l  understoo d 
as a  cognitiv e proces s i n it s ow n righ t  and ,  a s a  result ,  ha s 
been viewe d a s a  simpl e read-ou t  from  a  spatia l  representation . 
I n contrast ,  thi s pape r  consider s distanc e estimatio n t o b e a 
comple x menta l  proces s i n whic h heuristic s guid e th e choic e 
of  strategies .  Specifically ,  verba l  protocol s wer e collecte d o n 
a distanc e estimatio n tas k fo r  2 0 undergraduate s usin g a  variet y 
of  cit y pair s i n U.S .  an d Canada .  O n th e basi s o f  thes e data , 
distanc e estimatio n i s show n t o b e a  constructiv e process , 
usin g a  relativel y limite d numbe r  o f  heuristics ,  suc h a s 
addition ,  hedge s an d ratios .  Th e choic e o f  heuristic s an d th e 
tim e t o mak e a  judgmen t  ar e show n t o b e relate d t o variable s 
suc h a s th e familiarit y o f  location s an d th e distanc e t o b e 
judged .  Th e advantag e o f  viewin g distanc e estimatio n a s a 
constructiv e proces s rathe r  tha n a  passiv e readou t  of f  a n 
intema l  ma p i s argued . 

Introduction 

Spatia l  reasonin g an d spatia l  cognitio n provides  a n 

importan t  domai n fo r  th e stud y o f  reasonin g processe s (e.g. , 

Furna s 1990 ,  Byrn e &  Johnson-Lair d 1989) ,  narrativ e 

comprehensio n (e.g. .  Bowe r  &  Morro w 1990) ,  expertis e 

(e.g. .  Chas e &  Ch i  1981) ,  artificia l  intelligenc e (e.g. , 

Kuiper s 1978 ;  Kuiper s &  Levit t  1988 )  an d th e 

representatio n o f  knowledg e (e.g. ,  McNamara ,  Hardy ,  & 

Hirtl e 1989) .  Withi n thi s domain ,  th e methodologica l 

advance s durin g th e pas t  decad e hav e bee n notable .  Ther e 

has bee n a  positiv e shif t  fro m hand-draw n sketc h m a p 

methodologie s t o th e us e o f  indirec t  measurement s (Evan s 

1980 ;  Siege l  1981) .  However ,  jus t  a s earl y wor k o n spatia l 

memory assume d tha t  sketc h map s directl y tappe d one' s 

interna l  representatio n (e.g. .  Lync h 1960) ,  th e late r  wor k 

makes equall y restrictiv e assumption s o f  cognitiv e 

processes .  Specifically ,  ther e ha s bee n a  recen t  relianc e o n 

th e us e o f  distanc e estimatio n a s a  primar y measure , 

examine d eithe r  alon e (e.g. ,  Alle n 1981) ,  i n conjunctio n 

wit h M D S (e.g. ,  Bair d 1979 ;  Magafia ,  Evans ,  &  Romne y 

1981) ,  o r  throug h paire d comparison s (e.g. ,  B a u m & 

Jonide s 1979 ;  Evan s &  Pezde k 1980 ;  Hirtl e &  Jonide s 

1985) . 

An implici t  assumptio n i n usin g distanc e estimation , 

particularl y i n conjunctio n wit h M D S ,  i s  tha t  on e m a y 

characteriz e th e intema l  representatio n o f  spac e i n a  tw o 

dimensional ,  continuous ,  holistic ,  picture-lik e form . 

Distanc e estimatio n a s a  proces s actin g o n tha t  menta l 

representatio n ca n the n b e though t  o f  a s a  menta l  scannin g 

of  th e intema l  map ,  yieldin g behavior s characteristi c o f  a n 

analo g cod e (Kosslyn ,  Ball ,  &  Reise r  1978 ;  Thomdyk e & 

Hayes-Rot h 1981) .  However ,  whil e a  m a p m a y b e a n 

appropriat e first  approximation ,  ther e i s a  simplicit y i n 

considerin g th e representatio n t o b e continuou s an d distanc e 

estimatio n t o b e a  direc t  task .  Surely ,  give n ou r 

understandin g o f  othe r  cognitiv e processin g domains ,  th e 

schemat a o f  spac e shoul d pla y a n equall y importan t  role . 

Pipki n (1982 )  offer s a  robus t  argumen t  alon g jus t  thes e 

lines ,  suggestin g tha t  geographer s recogniz e th e variet y o f 

ways i n whic h surfac e schemat a ar e consciousl y processe d i n 

th e cours e o f  spatia l  proble m solving . 

Direc t  experimenta l  evidenc e lead s t o a  simila r 

conclusion .  Spatia l  processin g i s influence d b y hierarchica l 

structur e (McNamara ,  Hardy ,  &  Hirtle ,  1989 ;  Steven s & 

Coupe 1978) ,  b y referenc e point s (Holyoa k &  M a h 1982 ) 

and b y heuristic s o f  perceptua l  organizatio n (Tversk y 

1981) .  Thus ,  distanc e estimatio n coul d b e viewe d a s a  typ e 

of  problem-solvin g i n whic h cognitiv e structure s ar c a s 

importan t  a s spatia l  distance . 

As a n analogou s situatio n conside r  th e tas k o f  menta l 

arithmetic .  Mentall y addin g 2  o r  3  digi t  number s fo r  mos t 

individual s include s bot h automati c "tabl e loo k up "  (e.g. ,  9 

+ 7  i s 16 )  an d effortfu l  manipulatio n (e.g. ,  carr y th e one) . 

The spee d (an d accuracy )  o f  performin g a n arithmeti c 

proble m i s a  functio n o f  th e processe s involved .  Likewis e 

i n distanc e estimation ,  w e ca n immediatel y generat e certai n 

distance s whil e other s w e nee d t o calculate . 

Thi s researc h wa s sponsore d b y NS F gran t  BNS-8617732 . 
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Th e analog y woul d sugges t  tha t  technique s c o m m o n t o 

problem-solving ,  suc h a s protoco l  analysi s (Ericsso n & 

Simo n 1984) ,  coul d prov e beneficia l  i n examinin g distanc e 

estimation .  Thus ,  w e directe d ou r  subject s t o produc e on -

goin g verbalization s o f  distanc e estimation .  Ou r  purpos e i s 

t o delineat e specifi c  heuristic s use d i n distanc e computation , 

suc h a s tim e estimation ,  triangulation ,  segmentatio n an d th e 

us e o f  referenc e points ,  i n orde r  t o understan d th e proces s o f 

distanc e estimation .  Furthermore ,  w e examine d th e tim e t o 

make distanc e estimate s a s a  functio n o f  th e referentialit y 

and th e familiarit y o f  th e locations .  I t  i s  ou r  belie f  tha t  th e 

tim e t o m a k e distanc e estimate s i s longe r  fo r  nonreferenc e 

point s du e t o a  constructiv e proces s rathe r  tha n merel y a 

differenc e i n familiarity . 

We bega n b y collectin g norm s o f  nationa l  cognitiv e map s 

fo r  th e subjec t  pool .  20 0 citie s wer e rate d b y 6 0 

undergraduate s o n familiarit y an d referentiality .  Thes e dat a 

wer e the n use d i n constructio n o f  th e protoco l  stimulu s 

spac e fo r  thi s experiment . 

Method 

Subject s 

Fiftee n mal e an d five  femal e undergraduate s attendin g th e 

Stat e Universit y o f  N e w Yor k a t  Alban y participate d i n orde r 

t o fulfil l  a  cours e requirement.  Th e sessio n laste d fo r  on e 

hour . 

Materials 

Sixt y cit y pair s wer e constructe d o n th e basi s o f  th e 

previou s dat a obtaine d o n referentialit y  an d familiarit y o f 

cities .  Th e sampl e o f  citie s wa s chose n t o represen t  a  broa d 

rang e o f  judgment s o n bot h th e referentialit y  an d familiarit y 

dimensions .  Thes e citie s wer e paire d i n orde r  t o for m a 

heterogeneou s sampl e i n term s o f  distance ,  angl e o f 

orientation ,  an d geographica l  location .  Th e actua l  distanc e 

of  th e pair s varie d fro m 3 7 mile s t o 255 3 miles .  Eac h o f 

th e sixt y cit y pair s wa s printe d i n bol d typefac e i n th e cente r 

ofa n inde x card . 

Thre e arithmeti c problem s an d on e physic s proble m serve d 

as practic e items .  Eac h practic e proble m wa s printe d o n a 

separat e shee t  o f  paper .  Response s wer e recorde d throug h 

us e o f  a  cassett e tap e recorde r  an d lape l  microphone . 

Procedure 

Subject s wer e seate d i n a  soun d proo f  roo m i n fron t  o f  th e 

paper s containin g th e practic e problems .  Th e experimente r 

rea d th e practic e instruction s t o th e subject ,  whic h aske d th e 

subjec t  t o solv e problem s ou t  loud ,  rathe r  tha n wor k 

silently .  Th e experimente r  rea d th e practic e problem s a s 

the y wer e presente d t o th e subject . 

Afte r  completin g th e fou r  practic e problems ,  th e 

experimente r  attache d th e microphon e an d rea d th e 

instruction s fo r  th e distanc e estimatio n task .  Subject s wer e 

aske d t o calculat e mentall y th e distanc e betwee n pair s o f 

cities ,  givin g al l  answer s i n miles ,  whil e bein g a s accurat e 

as possible .  Subject s wer e tol d tha t  th e cross-countr y 

distanc e i s roughl y 300 0 miles ,  bu t  wer e no t  tol d an y othe r 

mileages .  Th e pair s o f  citie s wer e presente d o n 3  i n x  5  i n 

cards .  Subject s wer e aske d t o thin k ou t  loud ,  describin g an y 

step s use d i n arrivin g a t  th e distanc e estimation .  Th e 

experimente r  rea d th e cit y pair s t o th e subjec t  o n eac h trial . 

Inde x card s wer e shuffie d befor e presentatio n t o eac h subject . 

Results 

The verba l  protocol s wer e code d independentl y b y tw o 

coder s usin g a  c o m m o n codin g scheme .  Th e codin g schem e 

was designe d t o includ e a  variet y o f  judgmen t  strategies .  O n 

th e occasio n tha t  a  judgmen t  di d no t  fit  an y o f  th e codes ,  a n 

additiona l  cod e wa s established .  A s a  result ,  twent y differen t 

strategie s wer e identifie d fro m th e protocols .  Thes e ar e 

bste d i n Tabl e 1 .  Thes e strategie s wer e divide d int o tw o 

mai n classes ,  leve l  on e an d leve l  two .  Eac h o f  th e leve l 

one strategie s coul d resul t  i n a  direc t  numerica l  estimate , 

whil e th e leve l  tw o strategie s require d additiona l  estimate s i n 

orde r  t o generat e a  numerica l  answer .  Fo r  example ,  th e 

strateg y A d d wa s classifie d a s a  leve l  tw o strategy ,  a s tw o o r 

mor e distance s wer e adde d together .  Th e subjec t  usin g Ad d 

woul d nee d t o generat e thes e componen t  distance s b y usin g 

eithe r  a  leve l  on e strateg y o r  anothe r  leve l  tw o strategy . 

Eventually ,  eac h componen t  distanc e woul d nee d t o b e 

generate d b y a  leve l  on e strategy .  Difference s i n th e leve l  o f 

strateg y wil l  b e examine d later . 

Our  first  concer n wa s t o m a k e sur e tha t  th e subject' s 

estimate s wer e reasonabl e an d tha t  i n fac t  the y wer e carryin g 

out  th e origina l  tas k o f  distanc e estimation .  Overall ,  ther e 

was a  hig h correlatio n betwee n th e actua l  distanc e an d mea n 

distanc e estimat e ( r  =  .965 ,  p  <  .001) ,  wit h subject s 

showin g a  sligh t  overestimation .  T h e best-fittin g 

regressio n lin e wa s give n b y th e equation : 

Distanc e Estimat e =  1.0 8 *  Actua l  Distanc e +  117.3 6 

The correlation s fo r  individua l  subject s wer e slightl y lower , 

whic h wa s t o b e expected .  The y range d fro m .68 7 t o .953 , 

wit h a  mea n o f  .88 7 an d a  standar d deviatio n o f  .0627 . 

We the n summarize d th e dat a b y cit y t o se e i f  ther e wer e 

specifi c  strategie s wit h specifi c  pair s o f  cities .  W e di d thi s 

first  i n a  qualitativ e manner ,  notin g whic h strategie s wer e 

most  c o m m o n an d notin g unde r  whic h condition s the y wer e 

used .  Th e us e o f  strategie s wa s no t  evenl y distributed .  Th e 

predominan t  strategie s wer e Add ,  Analogy ,  Hedge ,  Ratio , 

Subtrac t  an d T im e Retrieval .  Choic e o f  strateg y wa s i n par t 

base d o n th e distanc e t o b e estimated .  T im e Retrieva l  wa s 

most  commonl y use d wit h distance s u p t o 40 0 miles ,  whil e 

Ratio s wer e use d mos t  c o m m o n l y wit h cross-countr y 

distanc e o f  60 0 mile s o r  more .  Th e othe r  strategie s o f  Add , 

Hedge,  Analogy ,  an d Subtrac t  wer e evenl y distribute d acros s 

al l  distances . 
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Tabl e 1 

Heuristic s fo r  Distanc e Estimatio n 

Leve l  1  strategie s 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

DR 
DRU 
TR 
L D 
LT 
LDG 
PR 
CDU 

Direc t  Retrieva l 

Dir .  Retr.-Unspecifie d 

Tim e Retrieva l 

Limi t  Distanc e 

Limi t  T im e 

Limi t  Distanc e Genera l 

Prio r  Referenc e 

Compar e Dis L Unclea r 

Leve l  2  strategie s 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

R 
M U LT 
ADD 
SUB 
AD 
AC 
HA 
HS 
T 

Rati o 

Multiplicatio n 

Additio n 

Subtractio n 

Analogy-Distinc t 

Analogy-Commo n En d 

Hedg&-Ad d 

Hedge-Subtrac t 

Triangulat e 

Miscellaneou s Strategie s 

18. 
19. 
20. 
21. 

/M/ 
TR-G 
1 
U 

Modif y 

T im e Retrieval-Gues s 
Imager y 

Unclea r 

" I  kno w Bosto n t o N Y C i s 18 0 miles " 

"Bosto n t o N Y C i s 18 0 mUes " 

"Bosto n t o N Y C i s 3  hours ,  o r  18 0 miles " 

"I t  can' t  b e mor e tha n 20 0 miles " 

"I t  can' t  b e mor e tha n 3  hours " 

"They'r e prett y close ,  sa y 18 0 miles " 

" I  remembe r  tha t  I  said... " 

"Comparin g i t  t o th e distanc e across ,  I' d say... " 

"That's about halfway across the US" 

"It' s  abou t  3  times... " 

"5 0 plu s 6 0 i s 110 " 

"  10 0 minu s 30 ,  I' d ca U i t  70 " 

" A t o B  i s th e sam e a s C  t o D " 

" A t o B  i s th e sam e a s A  t o C " 

"It' s  a  littl e mor e tha n th e distance... " 

"It' s  a  littl e les s tha n th e distance... " 

Uses tw o side s o f  a  triangl e t o calculat e th e hypotenus e 

Subject changes strategy 

" I  gues s tha t  La s Vega s i s abou t  5  hours... " 

Subjec t  i s  explici t  abou t  visualizin g 

Unabl e t o classif y 

Add wa s typica l  wit h cit y pair s i n whic h ther e i s a 

intermediat e referenc e point .  Fo r  example ,  Springfield , 

Mass.  an d Atlanti c City ,  N J spa n th e intermediat e locatio n 

of  N e w Yor k City .  Subtrac t  wa s typica l  wit h cit y pair s i n 

whic h ther e i s a  referenc e poin t  outsid e th e pair .  Fo r 

example .  La s Vega s an d N e w Yor k Cit y wer e ofte n judge d 

i n relationshi p t o Lo s Angele s o r  th e Wes t  Coast .  Rati o 
was typica l  wit h lon g distance s i n whic h th e citie s ar e well -

known ,  suc h a s Dalla s an d Sa n Francisco .  I n thi s case ,  th e 

rati o wa s base d o n a  cross-countr y distance .  Finally ,  T im e 

Retrieva l  wa s typica l  wit h short ,  well-travelle d routes ,  suc h 

as Alban y t o Boston . 

The qualitativ e analysi s suggeste d certai n relationships , 

whic h wer e furthe r  analyze d usin g severa l  source s o f 

quantitativ e data .  Fo r  eac h cit y pair ,  w e measure d th e 

respons e tim e (RT )  betwee n th e poin t  i n tim e tha t  th e 

experimente r  complete d th e verba l  presentatio n o f  th e cit y 

pair s an d th e poin t  i n tim e tha t  th e subjec t  provide d th e final 

distanc e estimate ;  th e numbe r  o f  intermediat e distanc e 

estimate s use d i n th e computatio n (INT.EST) ,  th e numbe r 

of  extr a location s use d i n th e computatio n (EXT .LOC) ,  an d 

th e numbe r  o f  hierarchi c level s use d i n completio n o f  th e 

distanc e estimatio n wa s calculate d ( L E V E L S ) .  Thus ,  ther e 

wer e 4  differen t  indice s o f  th e amoun t  o f  processin g 

involve d i n eac h calculation ,  R T ,  INT.EST ,  E X T . L O C ,  an d 

L E V E L S.  Not e tha t  INT.ES T an d E X T . L O C ar e related , 

but  no t  identical .  A  calculatio n fro m cit y A  t o cit y B ,  base d 

on th e distanc e fro m cit y A  t o a  n e w cit y C ,  plu s th e 

distanc e fro m cit y C  t o cit y B ,  woul d includ e on e extr a 

locatio n an d tw o intermediat e estimates ,  wherea s a 

calculatio n fro m cit y A  t o cit y B ,  base d o n th e distanc e fro m 

a ne w cit y C  t o n e w cit y D ,  woul d includ e tw o extr a 

location s an d on e intermediat e estimate . 

Additiona l  dat a pertainin g t o variou s aspect s o f  th e cit y 

pairs ,  no t  provide d b y subject s i n thi s experiment ,  wer e 

availabl e fo r  inclusio n i n th e dat a analysis .  Previou s data , 

obtaine d fro m differen t  subject s i n th e sam e subjec t  pool , 

had establishe d norm s fo r  th e referentialit y  an d famiUarit y o f 

eac h city .  Referentialit y  referre d t o th e exten t  t o whic h a 

cit y woul d serv e a s a  usefu l  referenc e poin t  fo r  locatin g 

othe r  cities ,  whil e familiarit y referre d t o th e exten t  t o whic h 

a cit y wa s known .  Th e mea n referentialit y  scor e ( M R E F ) 

and th e mea n familiarit y scor e ( M F A M )  fo r  eac h cit y pai r 

wer e calculated .  Finally ,  th e actua l  distanc e ( A D )  wa s 

calculate d b y measurin g th e straigh t  lin e distanc e o n a  U.S . 

map. 
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Tabl e 2 

DE 
RT 
INTiS T 
EXT.LC) C 
LEVELS 
MREF 
MFAM 

* p <  .0 5 

* *  p  <  .0 1 
***p < .001 . 

AD 
.965** * 
.04 2 

.404** * 

.808** * 

.621** * 

-.07 0 

-.430** * 

DE 

.07 5 

.436** * 

.858** * 

.655** * 

-.04 7 

-.430** * 

RT 

.321* * 

.309* * 

.363* * 

-.235 * 

-.20 7 

IN T ES T 

.652** * 

.758** * 

.20 6 

.03 6 

EXT LO G 

.758** * 
.13 5 

.433** * 

LEVELS 

.02 2 

-.252 * 

MREF 

.607** * 

The correlation s betwee n thes e eigh t  value s ar e displaye d i n 

Tabl e 2 .  Th e result s indicat e tha t  th e respons e tim e (RT )  di d 

not  covar y a s a  functio n o f  D E ( r  =  .075 ,  n.s.) .  However , 

R T di d increas e a s th e mea n referentialit y  ( M R E F )  o f  th e 

cit y pair s decreased ,  (r' s =  -.235 ,  p  <  .05) .  No t  surprisingly , 

R T increase d wit h th e complexit y o f  th e calculation ,  a s 

indicate d b y I N T £ S T ,  E X T . L O C an d L E V E L S (r' s =  .321 . 

.309 ,  .363 ,  respectively ,  p  <  .01) .  I t  i s  interestin g t o not e 

tha t  th e us e o f  extr a location s ( E X T . L O C )  wa s relate d t o 

familiarit y ( r  =  -.433 ,  p  <  .(X)l) ,  bu t  no t  t o referentialit y  ( r  = 

-.135 ,  n.s.) .  Tha t  i s t o say ,  i f  a  locatio n i s  unfamiliar ,  the n 

th e subject s refe r  t o extr a location s t o creat e a n estimate .  I n 

contrast ,  th e numbe r  o f  intermediat e estimate s (INT.EST ) 

was relate d t o neithe r  th e referentialit y ( r  =  .206 ,  n.s.) ,  no r 

th e familiarit y ( r  =  .036 ,  n.s.) .  However ,  th e distanc e 

estimate s firo m unfamilia r  citie s ten d t o b e mor e comple x i n 

term s o f  th e numbe r  o f  level s ( L E V E L S )  i n th e hierarch y o f 

calculation s ( r  =  -.251 ,  p  <  .05) . 

Finally ,  w e looke d a t  th e relationshi p betwee n leve l  on e 

and leve l  tw o strategies .  Tabl e 3  present s th e pairwis e 

frequenc y dat a fo r  leve l  on e an d leve l  tw o strategies .  Th e 

cell s o f  th e tabl e indicat e th e numbe r  o f  time s tha t  th e lowe r 

leve l  strateg y appeare d i n conjunctio n wit h th e highe r  leve l 

strategy .  Onl y frequentl y chose n strategie s wer e included . 

Thes e wer e Direc t  Retrieval-Unspecifie d ( D R U ) ,  Direc t 

Retrieva l  (DR) ,  an d T im e Retrieva l  (TR) ,  whic h accounte d 

fo r  51 6 ou t  o f  58 5 tota l  leve l  on e strategies ,  an d Add ,  Sub , 

Analogy ,  Hedg e an d Ratio ,  whic h wer e th e onl y leve l  tw o 

strategies ,  wit h 5 0 o r  mor e occurrences . 

Th e 5 x 3 contingenc y matri x reporte d i n Tabl e 2  wa s 

teste d fo r  independenc e o f  row s an d column s usin g th e ch i 

squar e statistic .  Th e tes t  indicate d tha t  th e leve l  on e an d 

leve l  tw o strategie s ar e no t  independent ,  (x^(8 )  =  235.12 ,  < 

.001) .  I n orde r  t o determin e th e sourc e o f  thi s result ,  w e 

partitione d dat a int o a  serie s o f  seve n non-independen t  sub -

tables .  I n orde r  t o maintai n th e experiment-wis e erro r  rat e a t 

.05 ,  w e restricte d th e erro r  rat e t o eac h analysi s t o .05/7 ,  o r 

approximatel y .01 .  Th e analyse s showe d tha t  Analog y an d 

Hedge showe d identica l  distributio n acros s th e thre e sub -

strategies .  Furthermore ,  Direc t  Retrieva l  wa s mos t 

c o m m on wit h Ratio ,  Hedg e an d Analogy ,  whil e Tim e 

Retrieva l  wa s mos t  c o m m o n wit h A d d an d Su b (eac h 

significan t  a t  p  <  .001) . 

Tabl e 3 

Relationshi p betwee n Leve l  1  an d Leve l  2  Strategie s 

ADD 
SUB 
ANALOGY 
HEDGE 
RATI O 
Tota l 

DRU 
87 
26 
6 

14 
10 

143 

DR 
28 
26 
47 
60 
92 

253 

TR 
120 
44 
11 
19 
2 

196 

Tota l 

235 
96 
64 
93 

104 
592 

D i s c u s s i o n 

I n examinin g distanc e estimatio n a s a  constructiv e task , 

we foun d a  limite d numbe r  o f  heuristic s wer e use d b y 

subject s i n generatin g distances .  Th e choic e o f  heuristic s 

was show n t o b e relate d t o variable s suc h a s th e familiarit y 

of  location s an d th e distanc e t o b e judged .  Th e tim e t o 

make a  judgmen t  wa s related ,  no t  onl y t o th e complexit y o f 

th e calculatio n i n term s o f  intermediat e estimate s an d extr a 

locations ,  bu t  als o t o th e mea n referentiality .  Furthermore , 

i t  wa s no t  relate d t o actua l  distanc e o r  th e distanc e estimate . 

Finally ,  time s wer e ofte n adde d an d subtracted ,  ye t  rarel y 

was rati o o f  time s taken .  Distance s o n th e othe r  han d wer e 
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used fo r  ratios ,  a s wel l  a s addition ,  subtractio n an d 

modification .  Ou r  goa l  i n conductin g thi s resciirc h wa s t o 

examin e closel y th e distanc e estimatio n process .  I t  ha s bee n 

shown tha t  distanc e estimatio n i s a  comple x task ,  dependen t 

on th e natur e o f  th e compariso n an d prio r  knowledg e o f  th e 

subject ,  rathe r  tha n a  simpl e dependen t  measur e base d o n 

readou t  from  a  cognitiv e map . 

We se e tw o implication s fo r  thi s research .  First ,  fo r 

researcher s wh o us e distanc e estimatio n o r  reactio n tim e o f 

distanc e estimation ,  w e voic e a  concer n tha t  th e outpu t  ma y 

be mor e reflectiv e o f  th e complexit y o f  th e tas k rathe r  tha n 

an interna l  cognitiv e map .  Assurance s tha t  variable s lik e 

prominenc e an d familiarit y ar e controlle d adequatel y shoul d 

be sought .  Second ,  an d mor e important ,  th e analysi s o f 

distanc e estimatio n ha s implication s fo r  theorie s o f  th e 

menta l  representatio n o f  space .  Ther e i s evidenc e tha t 

familia r  location s ca n b e accesse d withou t  accessin g relate d 

referenc e points ,  a s see n b y th e fac t  tha t  extr a location s wer e 

onl y chose n fo r  cit y pair s wit h lo w familarit y scores , 

regardles s o f  th e referentiaUt y score . 

These result s sugges t  tha t  w e ma y nee d t o modif y th e 

hierarchica l  model s o f  cognitiv e map s propose d ove r  th e pas t 

fe w year s (e.g. ,  Steven s &  Coup e 1978) ,  i n favo r  o f  a 

partiall y  hierarchica l  mode l  (e.g. ,  McNamar a 1986) .  Tha t  i s 

t o sa y tha t  an y familia r  poin t  i n a  spac e ma y hav e equa l 

acces s t o an y othe r  poin t  throug h th e hierarchica l  nets , 

whic h d o no t  necessaril y  pas s throug h th e primary ,  referenc e 

nodes .  Therefore ,  th e cognitiv e ma p i s mor e lik e a  syste m 

of  highway s i n whic h highway s cluste r  aroun d populou s 

areas ,  but ,  i n addition ,  ther e ar e bypasse s whic h connec t 

area s t o on e another .  Thi s woul d b e oppose d t o a  mode l  o f 

represente d spac e analogou s t o a n airlin e rout e map ,  i n 

whic h al l  cross-countr y flight s pas s throug h a  fe w hu b 

cities .  I n th e late r  case ,  i t  woul d b e impossibl e t o trave l 

fro m on e smal l  cit y t o anothe r  smal l  cit y withou t  goin g 

throug h th e hu b city .  Th e hierarchie s exis t  i n bot h models , 

but  th e equa l  acces s mode l  ha s greate r  flexibilit y  i n choosin g 

relationships .  Throug h examinatio n o f  protocols ,  thi s stud y 

provide s evidenc e o f  a n "equa l  access "  hierarchica l  map .  O f 

course ,  th e evidenc e presente d i s correlationa l  i n natur e an d 

additiona l  experimenta l  wor k i s neede d t o confir m suc h a 

model . 

To summarize ,  w e hav e show n th e importanc e o f 

considerin g distanc e estimatio n t o b e a  constructiv e task , 

based o n serie s o f  heuristics .  Th e choic e o f  heuristic s an d 

th e tim e t o mak e a  judgmen t  wa s show n t o b e relate d t o 

variable s suc h a s th e familiarit y o f  location s an d th e distanc e 

t o b e judged .  Th e advantag e o f  viewin g distanc e estimatio n 

as a  constructiv e proces s rathe r  tha n a  passiv e readou t  of f  a n 

interna l  ma p i s argued .  Thi s poin t  o f  vie w lead s t o a 

computationa l  approac h tha t  suggest s a  distinc t  researc h 

progra m i n th e are a o f  spatia l  cognitio n fro m th e 

experimenta l  agend a pu t  fort h thu s far ,  an d suggest s tha t 

knowledg e gaine d i n th e field s o f  proble m solving ,  exper t 

decisio n making ,  an d menta l  model s ca n b e applie d i n a 

fruitfu l  manne r  t o th e stud y o f  cognitiv e maps . 
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