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Abstrac t 

We present the results of a study of spatial cognition and 
it s relationshi p t o hypermedi a navigation .  Th e result s 
sho w tha t  a  distinctio n ca n b e mad e betwee n tw o kind s o f 
spatia l  cognition .  On e tha t  concern s th e concomitan t 
actin g i n th e physica l  world ,  an d o n tha t  i s a  pur e interna l 
menta l  activity .  Thi s conclusio n i s supporte d b y tw o kind s 
of  data .  First ,  a  facto r  analysi s o f  th e subtest s use d i n thi s 
stud y group s the m int o thes e tw o categories ,  an d second ,  i t 
i s  show n tha t  onl y th e interna l  on e o f  thes e factor s i s 
relate d t o th e subject s performanc e i n usin g a  hypertext -
base d on-lin e hel p system .  I n th e fma l  sectio n w e poin t  t o 
th e theoretica l  connection s betwee n thi s wor k an d wor k i n 
area s o f  situate d cognitio n an d o n differen t  kind s o f  menta l 
representations ,  an d discus s variou s possibilitie s tha t  th e 
result s from  thi s stud y sugges t  fo r  th e developmen t  o f 
interfac e tool s tha t  wil l  hel p user s wit h lo w spatia l 
abilitie s t o us e hypermedi a systems . 

Introduction 

The presen t  stud y investigate s th e relatio n betwee n spatia l 
abili ^  an d th e abilit y  t o navigat e i n hypermedia .  I t  ha s on e 
applie d an d on e theoretica l  foci .  O n th e ̂ plie d side ,  i t  ca n 
be see n a s a n attemp t  t o diagnos e th e reason s behin d 
differentia l  difficultie s i n usin g hypermedia ,  wit h th e goa l  o f 
suggestin g improvement s i n th e desig n o f  these .  O n th e 
theoretica l  sid e i t  ca n b e see n a s a  contributio n t o th e 
clarificatio n o f  differen t  aspect s o f  spatia l  an d graphica l 
reasoning ,  an d henc e t o th e clarificatio n o f  th e concept s 
involved . 

The pape r  i s structure d a s follows .  Firs t  w e discus s som e 
apphe d motivation s fo r  th e presen t  work .  W e the n repor t  o n 
an experimenta l  stud y o n th e relationshi p betwee n individua l 
difference s i n spatia l  cognitio n an d th e abilit y t o us e a 
hypertex t  base d on-lin e manual .  I n th e fina l  sectio n w e 
discus s th e implication s o f  th e result s obtaine d fo r  th e 
developmen t  o f  user-friendl y hypermedi a system s an d 
mentio n som e o f  th e theoretica l  question s whic h w e sugges t 
emerg e from  thi s study . 

Navigatio n i n th e W o r l d a n d i n C o m p u t e r  Sys tem s 

Navigatio n i n larg e hypermedi a informatio n structure s ha s 
lon g bee n recognize d a s a  difficul t  task .  TTi e expressio n 'los t 
i n hyperspace '  t o describ e wha t  h^pen s whe n user s loos e 
trac k o f  wher e the y ar e an d wher e t o g o nex t  i n th e 
hypertext ,  se e fo r  exampl e (Nielsen ,  1990) .  Navigatio n i n 
hypermedi a an d larg e informatio n space s i n general ,  ma y b e 
compare d t o navigatio n i n citie s an d natura l  surroundings , 
althoug h i t  i s  no t  obviou s tha t  the y ar e comparabl e 
situations .  Still ,  w e nee d t o fm d tool s an d design s tha t  hel p 
user s t o fm d thei r  wa y jus t  a s maps ,  sign s an d othe r  device s 
hav e helpe d navigatio n i n general .  I n orde r  t o d o so ,  w e 
must  fin d ou t  mor e abou t  whe n navigatio n i s  difficult ,  t o 
w h o m an d why ? 

Whil e ther e ar e similaritie s betwee n navigatio n i n th e rea l 
worl d an d navigatio n i n th e virtua l  worl d o f  hypermedia , 
ther e i s als o a t  leas t  on e importan t  difference .  I n th e forme r 
cas e peopl e liv e i n th e worl d an d the y ca n mov e physicall y 
i n it ,  wherea s i n th e latte r  th e groundednes s i s mor e limited , 
we canno t  mov e wit h ou r  bodie s an d physicall y manipulat e 
object s i n th e virtua l  hypermedi a world .  Th e questio n the n 
arise s whethe r  th e sam e tool s (map s etc. )  ca n b e use d t o hel p 
user s navigatin g i n hypermedi a systems ,  a s wel l  a s whethe r 
th e sam e cognitiv e abilitie s ar e use d i n th e tw o kind s o f 
navigation . 

Individual Differences 

Individua l  difference s appea r  t o hav e a  bi g impac t  o n human -
compute r  interactio n (Ega n 1988) .  W h e n designin g tool s fo r 
navigatio n i n hypermedia ,  individua l  difference s ca n b e on e 
crucia l  facto r  tha t  a  syste m shoul d accommodat e to .  Vicent e 
and Willige s foun d tha t  spatia l  abilit y  coul d b e linke d wit h 
whethe r  user s ge t  los t  i n a  hierarchica l  fil e syste m (1988) . 
Benyo n an d Murra y (1993 )  foun d tha t  spatia l  abilit y 
determine d ho w wel l  user s performe d wit h differen t  interface s 
t o a  databas e system .  User s wit h lo w spatia l  abilit y 
performe d bette r  wit h a  aided-navigatio n interfac e wit h a 
constraine d dialogue ,  whil e user s wit h hig h abilit y  mad e 
bette r  us e o f  a  non-aide d navigatio n interfac e wit h a  flexibl e 
command-base d dialogue .  I n on e o f  ou r  previou s studie s 
(Blad h an d Hdd k 1995 )  o n a  hypermedi a documentatio n 
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Figur e 1  A  schemati c pictur e o f  th e on-lin e manual .  Th e tw o overvie w picture s sho w th e proces s structur e an d th e 
objec t  hierarchy .  F r o m those ,  eac h proces s an d objec t  descriptio n ca n b e reached . 

syste m (describe d i n sectio n two) ,  w e foun d tha t  th e use r 
grou p coul d b e divide d int o tw o sub-groups .  O n e foun d th e 
graph s provide d b y th e syste m helpKi l  a s tool s fo r 
navigatin g t o documents .  Th e othe r  grou p wa s annoye d b y 
th e g r^hs ,  an d woul d hav e prefeire d othe r  way s t o navigat e 
and searc h fo r  information .  W e beUev e tha t  i t  i s  importan t 
tha t  thes e kind s o f  individua l  preferentia l  difference s ai e 
catere d fo r  i n th e desig n o f  compute r  system s an d thei r 
interfaces .  Whil e m a n y user s toda y appreciat e an d find 
graphica l  interface s eas y t o use ,  th e curren t  'on e siz e fit s 
air-approac h t o interface s ris k leavin g a  larg e subse t  o f  th e 
use r  populatio n behind .  A n d w e believ e tha t  di e mor e 
comple x th e systems '  domai n space s become ,  th e mor e 
importan t  become s thi s issue . 

Th e initia l  ai m o f  th e presen t  stud y wa s t o investigat e 
whethe r  th e observe d difference s i n interfac e preference s ca n 
be relate d t o spatial ,  visua l  o r  othe r  cognitiv e factors . 

Characteristics of the Hypermedia Tool Studied 

Befor e presentin g th e detail s o f  th e study ,  w e giv e i n thi s 
sectio n a  shor t  descriptio n o f  th e hel p syste m an d th e 
domai n i t  i s  use d in .  Th e hypermedi a too l  use d a s th e targe t 
domai n i n thi s smd y contain s informatio n abou t  a  softwar e 
developmen t  method ,  S D P .  Th e metho d consist s o f  pro -

cesse s whic h ar e activitie s don e durin g th e projec t  phases , 
and object s whic h ar e specifications ,  codes ,  etc .  produce d a s 
a resul t  o f  th e mediod .  Processe s an d object s ar e related, 
object s ar e relate d t o object s an d processe s t o processes . 

Th e use r  o f  th e on-lin e documentatio n o f  S D P tha t  w e 
studie d ha s n o othe r  mean s o f  findin g a  particula r  document , 
but  throug h clickin g i n severa l  graph s unti l  th e documen t  i s 
reached .  A  schemati c pictur e o f  th e structur e o f  th e on-lin e 
manual  ca n b e foun d i n figur e 1 .  Th e proces s structur e an d 
th e objec t  hierarch y functio n a s map s t o th e tw o mai n 
structur e i n th e domain :  th e proces s structur e an d th e objec t 
structure .  F r o m th e proces s structur e i t  i s  possibl e t o reac h 
description s o f  eac h process ,  th e proces s graphs .  Fro m th e 
proces s graph s i n turn ,  textua l  description s o f  eac h proces s 
ca n b e reached.  F r o m th e objec t  hierarch y th e objec t  graph s 
ca n b e reached ,  an d fro m thos e th e textua l  description s o f 
eac h object . 

So,  i n orde r  t o ge t  t o a  textua l  descriptio n o f  a  proces s o r 
object ,  i t  i s  necessar y t o navigat e vi a a  se t  o f  graph s unti l 
th e desire d proces s o r  objec t  grap h i s reached .  F ro m there , 
and onl y fro m there ,  i s  i t  possibl e t o ge t  t o th e textua l 
description . 

Not e tha t  ther e ar e tw o aspect s o f  th e domai n studie d 
whic h ar e spatia l  i n thei r  nature .  First ,  th e domai n itsel f  i s 
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an abstrac t  structur e wit h relation s betwee n th e domain' s 
concept s o f  processe s an d object s (se e sectio n 1. 4 fo r  a 
deschptio D d  th e domain) .  S^xnd ,  th e on-lin e manua l  i s 
structure d i n a  se t  o f  document s wit h specifie d relation s 
betwee n th e documents' .  Th e structur e o f  th e on-lin e manua l 
i s  onl y partl y base d o n th e structur e o f  th e domain .  Hence ,  i t 
i s  no t  sufficien t  t o b e knowledgeabl e i n th e domai n t o b e 
abl e t o us e th e on-lin e manual .  Knowledg e o f  bot h domain s 
i s required ,  a s wel l  a s bein g abl e t o m a p betwee n these , 
probji>l y makin g th e us e o f  th e syste m a  tas k requirin g hig h 
level s ( k spatia l  competence . 

Method 

Subjects 

Ther e wher e 2 3 subject s i n th e experiment ,  1 9 mal e an d 4 
female ,  al l  employe d a t  a  telecommunication s compan y i n 
Sweden.  Th e subject s wher e i n a  rang e o f  20-5 5 year s ol d 
(m-3 4 years) .  Al l  ha d som e compute r  training ,  bu t  no t  al l 
had gon e throug h highe r  academi c trainin g (1 8 wit h highe r 
academi c trainin g an d 5  wit h n o highe r  academi c training) . 
Al l  ha d recentl y gon e throug h a  fou r  da y cours e o n th e 
metho d tha t  wa s describe d i n th e informatio n bas e tha t  w e 
teste d the m on ,  bu t  the y ha d receive d littl e o r  n o trainin g o n 
ho w t o us e th e on-lin e manual . 

Materials and Procedure 

The experimen t  consiste d o f  thre e parts .  Th e firs t  teste d 
differen t  cognitiv e abilities ,  th e secoK l  wa s a  questionnair e 
on th e subjects '  previou s knowledg e i n th e domain ,  an d th e 
thir d wa s a  se t  o f  navigatio n task s i n th e hypertext-base d on -
lin e manual .  Th e subject s wer e teste d i n individua l  session s 
whic h laste d approximatel y 3  hours . 

Cognitive Abilities. We used 6 tests from the 
Dilremann-Sald e tes t  batter y (Psykologifdrlage t  1971) .  Thi s 
i s a  widel y use d Swedis h standardize d tes t  o f  cognitiv e 
abilities .  Thes e cognitiv e test s too k approximatel y 2  hour s 
per  subjec t  an d th e teste d abilitie s a s describe d i n th e tes t 
manual  were : 

•  verba l  abilit y  whic h wa s teste d i n a  synony m tes t  wher e 
th e subjec t  shoul d choos e on e o f  fiv e word s iha t  mean t  th e 
same a s th e wor d i n th e task . 

•  logical-inductiv e abilit y  whic h wa s teste d throug h 
classificatio n o f  image s wher e on e o f  five  shoul d b e chose n 
on base s o f  it s  difference s firom  th e others . 

•  perceptua l  analysi s abilit y  whic h wa s teste d throug h 
drawin g imitatio n o f  image s 

•spatia l  abilit y  whic h wa s teste d wit h thre e differen t  tests : 
•  rotatio n o f  image s wher e th e subjec t  shoul d 
choose ,  b y turnin g th e image s i n thei r  head,  th e 
image s tha t  wer e identica l  wit h th e imag e i n th e 
task .  Th e numbe r  o f  correc t  chose n image s differe d 
i n eac h task ,  bu t  the y alway s cam e fro m a  grou p o f 
seven . 

•  lef t  o r  righ t  han d identificatio n i n picture s o f 
hand s tha t  wer e turne d i n differen t  way s 
•  a  bloc k tes t  (Kohs '  block s test )  wher e th e subjec t 
shoul d m a k e a  patter n wit h blocks ,  witc h shoul d b e 
identica l  wit h a  patter n o n a  car d tha t  th e subject s 
wer e shown . 

Th e result s fro m th e cognitiv e test s w o e transfonne d int o 
stanine-score s base d o n th e standardizatio n o f  th e test s o n a 
sampl e o f  16 6 person s balance d fo r  ag e (betwee n 1 5 an d 64 ) 
and sex .  I n som e case s standardizatio n dat a fro m a  grou p o f 
subject s wit h highe r  educatio n wer e used . 

Questionnaire 

I n nin e question s subject s wer e aske d t o estimat e thei r  o w n 
knowledge ,  o n a  scal e from 0  t o 5 ,  o f  th e S D P metho d ao d 
th e on-lin e manual ,  o f  computer s i n general ,  o f  othe r 
hypermedi a systems ,  o f  poin t  an d clic k interface s an d o f 
thei r  o w n judge d spatia l  abilit y  (i f  the y wer e goo d usin g 
maps,  i f  the y ha d goo d sens e o f  directio n etc.) . 

Hypermedia Navigation Task 

Finall y th e subject s wer e aske d t o complet e a  se t  o f  si x 
informatio n seekin g task s an d afte r  eac h t o evaluat e thei r 
o wn performance ,  a s whethe r  the y though t  the y ha d foun d 
th e answe r  an d whethe r  the y foun d i t  i n th e mos t  efficien t 
way.  Th e si x task s t o b e solve d wit h th e on-lin e manua l  an d 
th e evaluatio n o f  th e o w n performanc e too k approximatel y 
1/ 2 -  1  hou r  pe r  subject .  T o ensur e th e ecologica l  validit y 
and relevance  o f  th e task s use d i n th e study ,  w e onl y use d 
question s tha t  w e ha d collecte d i n a  previou s stud y fro m 
user s actuall y workin g wit h th e method . 

Th e informatio n seekin g task s wer e designe d t o hav e th e 
followin g properties :  1 .  The y shoul d forc e th e subject s t o 
navigat e betwee n th e differen t  graphs ,  tha t  t o se e i f  ̂  h o w 
th e subject s use d a  menta l  mode l  o f  th e informatio n space . 
2.  S o m e o f  th e question s solution s wer e i n th e object-vie w 
and som e i n th e process-view ,  tha t  t o se e i f  ther e wer e an y 
difference s i n th e wa y o f  seekin g informatio n i n th e differen t 
view s (se e figure  1) .  ( A numbe r  o f  othe r  requirement s no t 
relevant  t o th e result s presente d i n th e presen t  pape r  wer e 
als o considered. )  Th e on-lin e manua l  wa s availabl e o n Su n 
workstations . 
Th e performanc e o n th e solvin g o f  th e si x task s wa s recorde d 
on vide o an d analyzed .  Tas k completio n tim e wa s calculate d 
from  th e first  "click "  t o th e las t  writte n letter s i n th e answer . 
N u m b er  o f  "clicks "  i n th e graph s wa s counte d fo r  eac h task , 
and a  m a p depictin g h o w a  particula r  use r  ha s move d i n th e 
on-lin e manua l  betwee n graph s an d text s wa s drawn .  Afte r 
eac h tas k th e subject s wer e aske d a  numbe r  o f  questions ,  i.e . 
h o w certai n the y wer e tha t  the y ha d foun d th e correc t  answer , 
i f  the y ha d foun d i t  usin g th e shortes t  pat h etc . 

Results and Discussion 

Th e result s wil l  b e presente d i n tw o steps^ .  Firs t  w e sho w 
th e analysi s o f  th e patter n o f  differen t  cognitiv e abilities .  W e 

'  'Spatial '  i s  her e use d t o denot e relations  betwee n object s i n 
a spac e tha t  nee d no t  necessaril y  b e visuall y presente d o r 
represented . 

'  W e wil l  her e onl y presen t  result s relevant  t o th e issu e o f 
differen t  kind s o f  spatia l  cogniton .  Fo r  a  complet e descriptio n 
of  thi s study ,  se e SjOlinde r  (1996 )  an d H60k ,  Dahlback , 
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Cognitiv e tes t 
S y n o n y m tes t 
I m a g e classificatio n 
F i g w e drawin g 
Figur e rotatio n 
H a n d tes t 
Bloc k tes t 

Facto r  1 

-.16 4 
.28 4 
.95 8 
.22 7 

.0000 1 
.79 2 

Facto r  2 

.84 3 

.81 0 

.07 1 
-.39 3 

.06 7 
-.00 1 

Facto r  3 

-.04 6 
-.04 1 
-.07 1 
.65 4 
.94 0 
.37 6 

Figur e 2 :  Result s from  th e facto r  analysi s o f  th e cognitiv e test s 

the n illustrat e th e relationshi p betwee n thes e identifie d 
factor s an d th e performanc e whe n usin g th e on-lin e manual . 

Patterns of Cognitive Abilities 

A n orthogona l  facto r  analysi s o f  th e result s o f  th e si x 
cognitiv e test s reveale d thre e underlyin g factors ,  wit h tw o 
test s wit h hig h loadio g i n eac h facto r  (se e fig  2) .  Facto r  1 
wit h hig h loadin g o n figure  drawin g tes t  an d th e bloc k test , 
facto r  2  wit h hig h loadin g o n th e test s o f  synonym s an d th e 
classificatio n o f  images ,  an d facto r  3  wit h hig h loadin g o n 
th e test s o n rotatio n o f  image s an d o f  han d identification . 

What  i s especiall y noteworth y her e i s tha t  th e patter n 
obtaine d see m t o pu t  i n questio n th e tes t  manual' s 
classificatio n o f  thes e tests .  W e fin d tw o factor s ( 1 an d 3 ) 
whic h bot h see m t o relat e t o visual-spatia l  cognition ,  bu t 
wit h th e facto r  loading s ver y differenfl y distributed ^  Wha t 
seems t o b e th e critica l  differenc e her e i s tha t  th e tes t  tha t 
hav e hig h loading s o n facto r  1  bot h concer n th e activ e 
manipulatio n o f  physica l  objects ,  wherea s th e test s wit h 
hig h loading s o n facto r  3  ar e requir e a  purel y menta l  effor t  t o 
obtai n th e correc t  answer .  Thi s coul d indicat e tha t  from a 
psychologica l  poin t  o f  vie w ther e i s a  differenc e betwee n th e 
manipulatio n o f  spatia l  informatio n i n th e min d an d th e 
actin g i n th e world ,  eve n i f  bot h from a  superficia l  poin t  o f 
vie w see m t o concer n th e sam e kin d o f  informatio n 
processing . 

Havin g show n tha t  i t  i s  possibl e t o grou p th e test s int o 
thes e group s doe s no t  o f  cours e entai l  tha t  th e distinctio n i s 
of  an y theoretica l  o r  practica l  relevance .  Followin g th e pat h 
set  b y recen t  wor k b y Stennin g an d Oberlande r  (1995 , 
Stenning ,  Cox ,  an d Oberlander ,  1995) ,  w e wil l  instea d tr y t o 
see whethe r  th e suggeste d theoretica l  distinctio n ca n b e 
relate d t o performanc e i n othe r  tasks ,  i n ou r  cas e hypermedi a 
navigation .  I f  i t  ca n b e show n tha t  th e subject s differen t 
abilitie s i s correlate d wit h differentia l  performanc e i n othe r 
tasks ,  th e validit y o f  th e distinctio n i s give n som e furthe r 
credence ,  somethin g whic h seem s necessar y befor e 
discussin g connection s t o othe r  theoretica l  constructs . 

SjOlinde r  (1996) .  Fo r  a  descriptio n o f  th e PUS H project ,  se e 
Hddk,  Karlgren ,  W a e m,  DahlbSck ,  Jansson ,  Karlgren ,  an d 
Lrmair e (forthcoming ) 

'  Not e tha t  whil e th e imag e classificatio n tes t  use s pictoria l 
material ,  thi s i s primaril y a  tes t  o f  logic-inductiv e ability . 

Cognitiv e Abilitie s a n d T a s k Per fo rmanc e 

T o ge t  a  simpl e measur e o f  th e factor s w e adde d th e 
standardize d stanin e point s fo r  th e tw o test s mos t  strongl y 
associate d wit h eac h factor .  Th e correlatio n betwee n th e 
differen t  factor s an d th e tas k performanc e a s measure d b y th e 
tim e t o complet e th e 6  task s wa s the n computed .  Thes e test s 
showe d tha t  th e onl y significan t  correlatio n wa s wit h th e 
interna l  spatia l  abilit y  a s measure d wit h th e tw o test s i n 
facto r  3 .  ( r  -  .56 ,  p  <  .  005) .  N o othe r  correlation s achieve d 
or  eve n approache d significance .  (Facto r  1  r  -  .04 ,  facto r  2  r 
-  .13 )  Th e sam e patter n i s reveale d whe n lookin g a t  th e 
correlation s betwee n th e dependen t  variabl e an d th e si x 
differen t  test s take n separately .  Th e stronges t  correlation s 
wer e wit h th e tw o test s o f  interna l  spatia l  cognition , 
wherea s th e correlatio n betwee n th e completio n tim e an d th e 
block s tes t  wa s fo r  instanc e onl y r  -  .  04 . 

There  ar e tw o conclusion s tha t  ca n b e draw n from  this . 
First ,  thi s analysi s support s th e validit y o f  th e distinctio n 
bein g mad e her e betwee n spatia l  task s tha t  als o involv e 
some extema l  physica l  manipulatio n o r  transformatio n o f 
th e objects ,  an d wher e therefor e visua l  feedbac k i s available , 
and task s wher e th e entir e transformatio n i s don e i n di e min d 
withou t  an y extema l  support . 

Second ,  tha t  ther e i s a  correlatio n betwee n users '  spatia l 
abilitie s an d thei r  abilit y  t o us e di e hypertex t  base d system . 
But  thi s i s onl y tru e fo r  a  subse t  o f  th e differen t  spatia l  test s 
use d i n thi s study ,  namel y th e one s measurin g intema l 
spatia l  cognition .  Anothe r  illustratio n o f  thi s connectio n ca n 
be mad e b y first  dividin g th e subject s int o tw o groups ,  on e 
wit h hig h score s o n th e spatia l  test s an d on e wit h lo w 
scores ,  an d the n compar e th e tim e use d fo r  solvin g th e task s 
fo r  th e tw o groups .  TTii s differenc e l)etwee n th e group s wit h 
hig h an d lo w intema l  spatia l  abilit y  i s  16.9 4 minute s vs . 
25.4 7 minutes .  Thi s differenc e i s statisticall y significan t 
(F(l,21)-5.53 ,  p<0.05) .  W h e n dividin g th e group s o n ho w 
wel l  the y perfcame d o n th e extema l  spatia l  tasks ,  th e 
differenc e betwee n th e groups '  tas k completio n tim e i s muc h 
smalle r  (20.1 8 vs .  22.1 0 minutes )  an d no t  statisticall y 
significant . 

I n ou r  questionnaire ,  w e aske d th e subject s t o estimat e 
thei r  o w n abilit y  t o rea d an d us e map s an d thei r  "sens e o f 
location" .  Thi s i s o f  cours e a  ver y indirec t  measur e o f  thi s 
ability .  Bu t  i t  ha s bee n show n b y Streete r  an d Vitell o (1985 ) 
tha t  subject s abilit y  t o rea d an d us e map s wa s strongl y 
correlate d wit h thei r  actua l  map-readin g ability .  I t  i s  als o th e 
cas e tha t  thos e w h o ten d t o lik e map s wil l  us e map s mor e 
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ofte n an d thereb y improv e thei r  performance .  So ,  ou r 
subject s ow n estimat e o f  th e map-readin g abilit y ca n wit h 
some cautio n b e take n a s a  measur e o f  thei r  actua J ability . 

We foun d tha t  th e subject s map-readin g abilit y wa s 
correlate d wi A facto r  1  (th e "external "  spatia l  ability )  i n ou r 
cognitiv e tests ,  r-.42 ,  P<.05 ,  whil e ther e wa s n o correlatio n 
betwee n m2q>-readin g abilit y an d facto r  3  (th e "internal " 
spatia l  ability) . 

Again ,  thi s woul d indicat e tha t  ther e i s a  differenc e 
betwee n spatia l  abilit y  fo r  solvin g problem s i n th e worl d 
(wher e groundednes s i s  possible )  an d spatia l  abilit y  fca -
abstrac t  structure s i n non-groimde d domains . 

Concluding Remarks 

On th e theoretica l  sid e w e hav e argue d tha t  a  distinctio n 
could ,  an d perhap s should ,  b e mad e betwee n spatia l  task s 
tha t  ar e performe d a s bodil y action s i n th e worl d an d thos e 
tha t  tak e plac e solel y i n th e mind .  Th e crucia l  differenc e 
betwee n thes e i s probabl y tha t  i n th e forme r  bu t  no t  th e 
latte r  task s continuou s visua l  feedbac k o n th e result s o f  th e 
transformation s (actions )  performe d i s  available .  Ou r 
analysi s o f  th e subjects '  respons e patter n o n th e cognitiv e 
abilitie s tes t  gav e som e suppor t  fo r  tha t  notion .  Furthe r 
suppor t  wa s gaine d fro m th e fac t  tha t  th e onl y cognitiv e 
abiUtie s test s tha t  correlate d wit h th e perfcxmanc e i n usin g 
th e hel p syste m wa s thos e tha t  seeme d t o measur e intema l 
spatia l  tasks .  W e ar e awar e o f  th e fac t  tha t  i t  i s  possibl e t o 
make connection s betwee n th e patter n obtaine d her e an d 
recen t  discussion s o n simate d cognition ,  an d o n menta l 
imager y an d othe r  aspect s o f  menta l  representations .  A  ful l 
treatmen t  o f  th e issue s involve d her e woul d tak e u s beyon d 
th e scop e (an d th e spac e limitations )  o f  th e curren t  paper , 
not  th e leas t  sinc e bot h th e concept s o f  'menta l  imagery '  an d 
'spatia l  cognition *  fo r  a  lon g tim e hav e bee n subjec t  t o 
intens e theoretica l  discussions .  Le t  u s instea d jus t  mentio n 
one issu e whic h w e wil l  conside r  i n ou r  futur e wor k i n thi s 
area ;  wha t  i s th e relationshi p betwee n th e 'internal '  spatia l 
abilit y  discusse d her e an d th e abilit y t o us e visua l  imagery ? 
Do th e subject s tha t  perfor m wel l  o n ou r  intema l  task s us e 
menta l  imager y t o a  large r  exten t  tha n th e lo w performers ? 
Our  curren t  dat a d o no t  mak e i t  possibl e t o answe r  thi s 
question ,  sinc e w e di d no t  as k th e subject s ho w the y 
performe d thei r  tasks ,  no r  dk l  w e includ e an y tes t  o n 
imaginability . 

On th e applie d side ,  w e foun d tha t  user s differe d i n thei r 
navigatio n performance ,  an d tha t  thi s coul d b e relate d t o th e 
abilit y t o perfor m spatia l  task s whic h dk l  no t  hav e an y 
externa l  support ,  bu t  no t  t o othe r  kind s o f  spatia l  o r  othe r 
cognitiv e abilities .  Th e questio n the n arise s whethe r  i t  i s 
possibl e t o devic e suppor t  fo r  th e user s wh o fin d th e 
navigatio n task s difficult .  Som e wor k b y (Vicent e an d 
Willige s 1988 )  suggest s tha t  thi s ca n b e th e case .  The y hav e 
shown tha t  user s wit h lo w spatia l  abilit y ar e helpe d b y 
syste m wher e part s o f  th e previou s stat e o f  th e interfac e i s 
visibl e afte r  th e use r  ha s mad e a n actio n a t  th e interface . 
Thei r  explanatio n fo r  thi s i s  b y creatin g wha t  the y cal l  a 
visua l  momentu m th e interfac e provide s memor y suppor t  fo r 
th e users ,  sinc e i t  i s  n o longe r  require d tha t  die y recal l  wher e 
the y ar e an d wher e the y shoul d g o nex t  i n th e hyperspace . 
Instea d the y ca n recogniz e th e structur e an d th e link s an d 

basin g thei r  decision s o n tha t  recognition .  A n alternativ e o r 
complementar y hypothesis ,  base d o n th e result s fro m th e 
presen t  study ,  woul d b e tha t  th e visua l  informatio n o n th e 
scree n transform s a n intema l  spatia l  tas k t o a n externa l  one . 

I t  coul d o f  cours e b e th e cas e tha t  m a p readin g abilit y i s 
relate d t o th e intema l  spatia l  abilit y  describe d here ,  i n whic h 
cas e i t  woul d probabl y b e difficul t  t o hel p th e lo w 
performin g subject s wit h som e kin d o f  map-lik e too l  fo r 
navigatio n support . 

We hav e n o dat a tha t  ca n giv e a  definit e answe r  t o thi s 
question .  Bu t  sinc e w e foun d tha t  subjects *  ow n judgmen t 
on diei r  ma p readin g abilit y  correlate d onl y wit h thei r  result s 
on Facto r  1 ,  i.e .  externa l  spatia l  tasks ,  an d sinc e i t  ha s bee n 
shown b y Streete r  an d Vitell o (1986 )  tha t  people' s ow n 
judgmen t  o f  thei r  abilit y o n thi s i s  rathe r  accurate ,  w e a t 
leas t  conside r  i t  a  hypothesi s wort h explorin g further . 
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