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O n th e Trai l  o f  In format io n Searcher s 

Paul P. Maglio Rob Barrett 
IB M Almade n Researc h Cente r 

650 Harr y Road ,  NWED-B2 
San Jose .  C  A  9512 0 

{pmaglio,barrett}@almaden.ibm.co m 
Phone:  408-927-285 7 FAX :  408-927-432 2 

Abstrac t 

In  this paper, we sketch a model of how people search for in-
formatio n o n th e Worl d Wid e Web.  Ou r  interes t  lie s i n th e cog -
nitiv e propertie s an d interna l  representation s use d i n th e searc h 
fo r  information .  W e first  collecte d behaviora l  dat a fi-om  indi -
vidual s searchin g fo r  answer s t o specifi c  question s o n th e web , 
and w e the n analyze d thes e dat a t o lear n wha t  searcher s wer e 
doin g an d thinking .  On e finding  wa s tha t  individual s focu s 
on ke y node s whe n recallin g thei r  searches ,  an d tha t  thes e ke y 
node s hel p structur e memory .  A  secon d finding  wa s tha t  peo -
pl e ten d t o us e th e sam e searc h pattern s ove r  an d over ,  an d tha t 
the y recal l  thei r  searche s i n term s o f  thei r  standar d patterns — 
regardles s o f  wha t  the y actuall y  did .  Overall ,  ou r  result s sug -
gest  tha t  peopl e for m cognitiv e map s o f  we b spac e i n muc h th e 
same th e wa y tha t  the y for m cognitiv e map s o f  physica l  space . 

I n t r oduc t i o n 

W h en tryin g t o us e th e vas t  resource s o f  th e Worl d Wid e W e b 
t o answe r  specifi c  questions ,  peopl e ofte n fac e problem s lo -
catin g information .  O n e possibl e reaso n i s tha t  th e w e b i s 
organize d idiosyncraticall y rathe r  tha n uniformly ,  an d s o in -
formatio n seeker s caimo t  rel y o n a  singl e strateg y o r  tactic . 
On th e web ,  ther e migh t  no t  b e an y on e correc t  quer y o r  pat h 
fo r  findin g a  particula r  piec e o f  information—b y it s ver y na -
ture ,  w e b searchin g require s browsing .  I n an y event ,  idiosyn -
crati c organizatio n make s th e w e b differen t  fro m information -
seekin g task s tha t  hav e bee n previousl y studie d (e.g. ,  Mar -
chionini ,  1995) .  Bu t  t o wha t  exten t  i s searchin g th e w e b lik e 
searchin g a  highl y structure d informatio n resourc e suc h a s a n 
onlin e librar y o r  encyclopedia ? C a n w e appl y wha t  i s know n 
abou t  information-seekin g behavio r  t o th e web ? Wha t  influ -
ence s a  searcher' s succes s o r  failure ? O r  mor e basically ,  h o w 
d o peopl e conceiv e o f  thei r  searches ? Fo r  instance ,  i f  peopl e 
navigat e hypertext s lik e the y navigat e i n th e physica l  world , 
what  rol e d o cognitiv e map s an d spatia l  abilitie s play ? 

We d o no t  attemp t  t o answe r  al l  thes e question s here .  Ou r 
wor k i s onl y a n initia l  ste p i n thi s direction .  W e star t  wit h 
th e assumptio n tha t  peopl e conceiv e o f  w e b spac e i n m u c h 
th e sam e w a y the y conceiv e o f  physica l  space .  Ther e ar e sev -
era l  reason s t o believ e tha t  spatia l  abilitie s an d concept s pla y 
a rol e i n th e w a y peopl e understan d an d us e onlin e informa-
tion .  First ,  spatia l  abilit y  ha s bee n show n t o influenc e th e 
us e o f  bot h hierarchicall y organize d computationa l  environ -
ment s suc h a s file  system s (Vicent e &  Williges ,  1988) ,  an d 

hypertextuall y organize d onlin e hel p system s (Campagnon i 
& Ehrlich ,  1989) .  Recently ,  Dahlback ,  H o o k an d Sjolinde r 
(1996 )  foun d tha t  fo r  peopl e seekin g answer s i n hypertext -
base d onlin e documentation ,  spatia l  abilit y  fo r  manipulatin g 
menta l  images—rathe r  tha n spatia l  abilit y  fo r  navigatin g i n 
th e rea l  world—correlate s wit h abilit y  t o effectivel y fin d an -
swer s online .  Second ,  th e familia r  metapho r  o f  informatio n 
seeker s navigatin g a n informatio n spac e (e.g. ,  Nielsen ,  1990 ) 
provide s prim a faci e evidenc e tha t  peopl e conceptualiz e hy -
permedia ,  suc h a s th e web ,  simila r  t o h o w the y conceptualiz e 
physica l  space .  Moreover ,  eve n naiv e w e b user s tal k abou t 
usin g th e w e b a s i f  i t  i s a  kin d o f  landscap e ove r  whic h the y 
move t o obtai n informatio n (Matloc k &  Maglio ,  1996,1997) . 

I n thi s paper ,  w e sketc h a n accoun t  o f  th e cognitiv e pro -
cesse s an d representation s peopl e us e whe n searchin g fo r  in -
formatio n o n th e web .  W e bas e ou r  accoim t  o n cognitiv e map s 
of  informatio n space .  Cognitiv e map s o f  physica l  spac e ar e 
generall y believe d (e.g. ,  Anderson ,  1980 )  t o incorporat e land -
mar k knowledge ,  rout e knowledg e (procedure s fo r  h o w t o ge t 
fro m on e landmar k t o another) ,  an d surve y knowledg e (map -
lik e representations) .  B y observin g th e behavio r  o f  experi -
ence d w e b user s lookin g fo r  specifi c  information ,  w e found : 
(a )  tha t  peopl e focu s o n ke y node s (landmarks )  whe n recall -
in g searches ,  whic h suggest s tha t  suc h ke y node s structur e 
memory fo r  searches ;  an d (b )  tha t  the y repea t  searc h pattern s 
(routes )  an d recal l  searche s i n term s o f  standar d patterns ,  al -
most  regardles s o f  wha t  wa s actuall y done . 

Thi s pape r  i s organize d i n thre e parts .  First ,  w e detai l  th e 
metho d w e use d t o gathe r  data .  Next ,  w e describ e th e results . 
Finally ,  w e discus s implication s o f  ou r  findings. 

How Data Were Collected 

To lear n h o w peopl e searc h fo r  information ,  w e watche d ex -
perience d user s searc h th e Worl d Wid e W e b fo r  answer s t o 
specifi c  questions .  T o identif y ke y cognitiv e aspect s o f  thei r 
activities ,  w e first  aske d the m abou t  thei r  plans ,  an d the n 
tracke d thei r  behavio r  whil e the y searched .  The n a  da y late r 
the y wer e aske d t o recal l  th e step s the y ha d take n i n eac h o f 
thei r  searche s th e previou s day ,  an d finally  t o retrac e thei r 
steps .  Participant s wer e no t  warne d o n th e first  da y tha t  recal l 
woul d b e require d o n th e secon d day .  Thi s metho d enable d 
us bot h t o char t  behavio r  t o uncove r  searc h tactic s (usin g th e 
behaviora l  traces )  an d t o extrac t  som e o f  th e structur e o f  thei r 
interna l  representation s (usin g th e recal l  data) .  I n thi s way . 
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we hope d t o discove r  wha t  peopl e d o whe n the y searc h fo r 
information . 

Seven experience d w e b users ,  five  male s an d tw o females , 
eac h reportin g mor e tha n tw o yea r  year s o f  almos t  dail y we b 
use ,  participate d i n thi s study .  The y wer e instructe d t o find 
th e answer s t o thre e questions ; 

1. Does the University of Western Ontario offer a Mas-
ter' s degre e i n psychology ? 

2.  Wha t  ar e thre e drug s currentl y bein g teste d t o hel p 
Alzheimer' s patients ? 

3.  I n h o w man y U.S .  state s wa s Ralp h Nade r  o n th e bal -
lo t  fo r  presiden t  i n 1996 ? 

These questions were chosen to represent three kinds of 
searches .  Th e first  on e ha s a  reasonabl y wel l  define d targe t 
location :  we b pag e abou t  th e psycholog y progra m a t  th e Uni -
versit y o f  Wester n Ontario .  I n thi s case ,  i t  i s  merel y a  mat -
te r  o f  finding  tha t  location .  Th e secon d questio n i s les s wel l 
defined ;  answer s migh t  b e foun d i n recen t  news ,  i n medica l 
information ,  o r  i n Alzheimer' s specifi c  sites .  Moreover ,  a  ful l 
answer  migh t  requir e finding  severa l  sites .  Th e thir d questio n 
coul d b e answere d usin g U .  S .  electio n results ,  stat e b y stat e 
results ,  federa l  electio n commissio n information ,  o r  Nader -
specifi c  we b sites . 

Question s wer e presente d on e a t  a  time .  Th e participan t 
was the n aske d h o w h e o r  sh e wa s goin g t o obtai n th e in -
formatio n fro m th e web ,  tha t  is ,  t o verball y provid e a  roug h 
pla n o f  attack .  Next ,  th e participan t  use d th e we b t o tr y t o 
find  th e informatio n (fo r  u p t o 1 5 minutes) .  Eac h participan t 
returne d th e followin g da y an d wa s presente d agai n wit h th e 
same thre e question s i n th e sam e order .  I n thi s case ,  however , 
th e tas k wa s t o first  verball y recal l  wha t  h e o r  sh e ha d don e 
th e previou s da y i n searchin g fo r  th e answer s t o eac h ques -
tion ,  an d the n t o retrac e th e step s b y performin g th e sam e 
searc h usin g th e web .  Not e tha t  participant s wer e no t  tol d o n 
th e first  da y tha t  recal l  o f  th e detail s o f  thei r  searche s woul d 
be require d o n th e secon d day . 

We analyze d th e dat a b y comparin g eac h searc h pat h gen -
erate d b y a n individua l  participan t  o n th e first  da y wit h th e 
one generate d o n secon d day .  I n addition ,  w e examine d h o w 
th e verba l  report s o f  searc h plan s o n th e first  da y an d th e ver -
bal  recal l  o f  th e searche s o n th e secon d da y corresponde d t o 
what  wa s actuall y done . 

How People Search the Web 

Each o f  th e seve n participant s complete d a t  leas t  on e o f  th e 
searche s o n bot h days ,  bu t  onl y tw o complete d al l  thre e 
searches .  O f  th e possibl e 2 1 ( 7 x  3 )  searches ,  1 5 wer e com -
plete d o n bot h days .  Thre e o f  thes e 1 5 wer e repeate d identi -
call y o n th e secon d day .  I n wha t  follows ,  w e conside r  onl y th e 
15 complete d searches .  W e sketc h ou r  dat a an d analyse s t o 
argu e tha t  (a )  peopl e remembe r  onl y ke y node s whe n recall -
in g thei r  searches ,  an d (b )  the y conceptualiz e thei r  searche s 
i n term s o f  standar d routines . 

Searcher s Rel y o n A n c h o r  Point s 

Our  dat a showe d tha t  participant s recalle d onl y a  fe w o f  th e 
site s the y visited .  Specifically ,  the y remembere d ke y node s 
tha t  le d t o th e targe t  information .  W e cal l  thes e node s an -
cho r  point s b y analog y t o th e notio n o f  ancho r  point s i n th e 
cognitiv e m a p literatur e (Couclelis ,  GoUedge ,  Gal e &  Tobler , 
1987 ;  Ferguson  &  Hegarty ,  1994) .  A  cognitiv e m a p i s a n 
interna l  representatio n o f  physica l  spac e tha t  ca n b e use d t o 
make inference s abou t  th e space .  W h e n a n individua l  con -
struct s a  cognitiv e m a p b y traversin g a  physica l  space ,  certai n 
relationship s amon g landmark s ar e represente d mor e promi -
nentl y tha n others .  I n particular ,  suc h a  m a p i s organize d i n 
term s o f  regions ,  eac h o f  whic h i s identifie d wit h a  specia l 
landmar k calle d a n ancho r  point .  Judgment s abou t  distanc e 
and orientatio n o f  landmark s withi n a  regio n tend s t o b e mad e 
relativ e t o th e region' s ancho r  point ,  an d judgment s o f  land -
mark s betwee n region s tend s t o b e mad e i n term s o f  ancho r 
point s rathe r  tha n i n term s o f  th e landmark s themselves . 

For  presen t  purposes ,  w e defin e a n ancho r  poin t  a s a  nod e 
alon g a  searc h pat h fro m whic h ther e i s a n unbroke n sequenc e 
of  link s o n successiv e page s tha t  lea d t o th e goa l  nod e (i.e. , 
no U R L s nee d t o b e type d i n o r  explicitl y  recalled) .  Onc e 
traversed ,  ancho r  point s ar e recognize d a s lyin g alon g th e pat h 
t o th e goal—eve n i f  th e sam e pat h i s no t  followe d t o th e goa l 
i n ever y case .  Fo r  ou r  participants ,  searchin g o n th e secon d 
day ofte n mean t  finding  anchor s encountere d o n th e firs t  day , 
rathe r  tha n finding  path s foun d o n th e firs t  day . 

Conside r  Figur e 1 .  A s shown ,  T' s searc h fo r  th e numbe r 
of  state s i n whic h Ralp h Nade r  wa s o n th e U .  S .  presidentia l 
ballo t  ultimatel y relie d o n a  specifi c  AltaVist a query ;  namely , 
one containin g th e keywor d "results" .  I n fact ,  T  explicitl y 
mentione d thi s durin g verba l  recall ; 

and I finally decided ... I should just look under results 
.. .  an d the n after ,  I  wen t  t o a  sit e tha t  ha d th e results ,  in -
cludin g h o w man y state s liste d Ralp h Nade r  o n th e bal -
lot . 

In this case, T's search depended on a anchor point created by 
queryin g AltaVista .  Participan t  W use d th e sam e approach , 
recallin g onl y th e to p leve l  quer y use d i n hi s searc h fo r  th e 
answer  t o th e sam e question : 

I went to AltaVista and looked for the California Green 
Part y an d I  wandere d aroun d an d eventuall y I  foun d it . 

For these two participants, AltaVista queries resulted in an-
cho r  point s tha t  define d informatio n region s tha t  containe d 
th e targe t  information . 

I n anothe r  case ,  T' s searc h depende d o n gettin g t o a  w e b 
pag e a t  th e librar y o f  th e Universit y o f  Wester n Ontari o 
( U W O ).  A s show n i n Figur e 2 ,  T  retrace d he r  step s t o a  w e b 
pag e a t  U W O ' s library ,  bu t  no t  t o th e sam e pag e sh e ha d vis -
ite d th e previou s day .  Thi s metho d o f  retracin g step s b y an -
chor s i s als o eviden t  i n h o w T  verball y recalle d th e search : 

... once I got there [AltaVista] ... I just looked for any-
thin g tha t  ha d .. .  Universit y o f  Wester n Ontari o .. .  an d 
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D t y l 

cyi(ao.csie.ntu.edu.tw/en/yam/gov/elec/96pri z 

pascal.u-strasbg.fT:IOOOO/-mossmann/root/l996.htm l 

altavista.digital.cotn/...?q=eiection+presidential+1996+result s 

village.ios.com/~fTiend/greenj/results.htm i 

Day 2 

F i g u r e 1 :  O n b o t h d a y s ,  par t ic ipan t  T ' s s e a r c h relie d o n a  specifi c  A l t a V i s t a q u e r y .  I n thi s figure  ( a n d i n t h o s e tha t  f o l l o w ) ,  th e 
n o d e s r e p r e s e n t  u n i q u e w e b p a g e s ,  a n d th e arc s rep resen t  transit ion s b e t w e e n p a g e s . 
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www.uwaterloo.ca.ocul/ocul.htm l  ̂  max.lib.uwo.ca/mikeys.htm l 

www.uwo.ca/maps / 

i 
www.uwo.ca / 

i 
www.uwo.ca/aboutuwo/academic.htm l 

i 
www.sscl.uwo.ca / 

yoda.ssc l  .uwo.ca/psychology / 

i 
yoda.sscl.uwo.ca/psychology/psych_grad / 

D a y ] 
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www.sscl.uwo.ca/ 

i 
yoda.sscl.uwo.ca/psychology / 

i 
yoda.sscl.uwo.ca/psychology/psych_grad / 

Day 2 

F i g u r e 2 :  T ' s s e a r c h fo r  t h e p s y c h o l o g y d e p a n m e n t  a t  t h e U n i v e r s i t y o f  W e s t e r n O n t a r i o d e p e n d e d o n t h e U W O ' s library ,  bu t 
n o t  o n a  specif i c  l oca t i o n a t  t h e library . 
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one wa s th e librar y .. .  s o I  go t  int o th e librar y an d .. .  I 
i n fac t  di d find  a  lin k tha t  too k m e bac k .. .  [to ]  th e Uni -
versit y o f  Wester n Ontario ,  an d the n I  wen t  dow n t o aca -
demi c unit s  .. .  an d unde r  ther e the y hav e psychology , 
and unde r  psycholog y the y ha d program s o r  degree s .. . 

This time, T recalled that an AltaVista query enabled her to 
find  th e librar y a t  U W O,  fro m whic h ther e wa s an  unbroke n 
serie s o f  link s t o th e target .  I n thi s case ,  th e librar y wa s th e 
anchor ,  thoug h th e specifi c  U R L a t  th e librar y wa s differen t 
on th e tw o days . 

Participan t  D  ha d a  simila r  experienc e finding  th e psychol -
ogy departmen t  a t  U W O.  A s show n i n Figur e 3 ,  D' s ancho r 
poin t  wa s th e homepag e fo r  th e university ,  bu t  hi s path s afte r 
finding  thi s poin t  wer e completel y differen t  o n th e tw o days . 
Hi s verba l  repor t  suggest s tha t  finding  U W O wa s th e priority : 

I'll go to AltaVista again. I searched on University of 
Wester n Ontari o .. .  an d the n tak e i t  fro m there . 

Obviously, D believed the path would be clear once the UWO 
homepage wa s located .  I n a  sense ,  th e pat h tha t  wa s followe d 
th e first  da y di d no t  matte r  becaus e som e pat h coul d b e foun d 
onc e h e wa s i n th e regio n define d b y hi s ancho r  point . 

We foun d evidenc e i n th e behaviora l  dat a tha t  eac h o f  th e 
seve n participant s use d ancho r  point s i n th e way s w e jus t  de -
scribed .  Tha t  is ,  fo r  on e o f  th e complete d searches ,  eac h par -
ticipan t  eithe r  foun d a  simila r  nod e o n th e secon d da y fro m 
whic h th e sam e pat h t o th e goa l  followed ,  o r  foun d th e sam e 
nod e o n th e secon d da y fro m whic h a  differen t  pat h t o th e goa l 
followed .  Overall ,  th e dat a sugges t  tha t  memor y fo r  prio r 
searche s wa s structure d aroun d importan t  node s tha t  le d t o 
th e goal . 

Searchers Rely on Familiar Routes 

I n additio n t o th e us e o f  ancho r  points ,  a  secon d observatio n 
tha t  emerge d fro m th e behaviora l  dat a i s tha t  individual s rel y 
on persona l  routine s whe n tryin g t o find  information .  Fo r  in -
stance ,  som e participant s routinel y use d a  particula r  searc h 
engine ,  suc h a s AltaVista ,  wherea s other s routinel y use d a 
particula r  hierarchica l  catalog ,  suc h a s Yahoo !  Th e poin t  i s 
not  tha t  ou r  searcher s merel y preferre d t o us e on e approac h 
ove r  another ;  rather ,  w e believ e tha t  the y conceptualize d thei r 
searc h task s i n term s o f  thei r  favorit e routines .  W e believ e 
thi s becaus e i t  ofte n di d no t  matte r  wha t  wa s actuall y don e o n 
th e first  day ,  ou r  searcher s remembere d searchin g a s //thei r 
persona l  routine s ha d bee n followed .  O n th e analog y t o cog -
nitiv e map s o f  physica l  space ,  persona l  routine s correspon d 
t o Wi Q familia r  route s tha t  a n individua l  use s t o ge t  fro m on e 
landmar k (o r  ancho r  point )  t o another . 

Mor e precisely ,  ou r  dat a sho w tha t  (a )  eac h individua l  ha s 
a standar d patter n o f  searc h behavior ;  an d (b )  whe n a n indi -
vidua l  deviate s fro m th e standar d pattern ,  h e o r  sh e recall s th e 
searc h a s fitting  th e standar d pattern .  Fo r  example ,  participan t 
T usuall y querie d AltaVist a t o find  likel y startin g points .  Sh e 
use d AltaVist a i n al l  thre e o f  he r  searche s th e first  day .  Fo r 
th e Ralp h Nade r  question ,  however ,  T  bega n wit h th e Yahoo ! 

catalo g instead .  I t  turne d ou t  tha t  Yahoo !  di d no t  provid e eas y 
acces s t o goo d candidates ,  an d s o T  woun d u p usin g AltaVist a 
i n th e en d anyway .  Th e nex t  day ,  whe n aske d wha t  step s sh e 
had followe d fo r  tha t  search ,  sh e di d no t  mentio n Yahoo! ,  an d 
when retracin g he r  steps ,  sh e di d no t  g o t o Yahoo !  (refe r  bac k 
t o Figur e 1) .  Ye t  a t  othe r  times ,  T  wa s ver y concerne d wit h 
followin g a s man y o f  th e first  day' s dea d end s o n th e secon d 
day a s sh e coul d find.  I n thi s case ,  T' s us e o f  Yahoo !  wa s 
forgotten ,  presumabl y becaus e Yahoo !  wa s no t  he r  standar d 
patter n o f  behavior . 

To tak e anothe r  example ,  participan t  D  recalle d on e o f  hi s 
searche s a s fitting  hi s standar d routin e whe n i n fac t  i t  ha d not . 
For  th e Ralp h Nade r  question ,  D  carefull y retrace d hi s first  1 1 
step s o n th e secon d day ,  includin g severa l  tha t  too k h i m d o w n 
a dea d en d pat h (se e Figur e 4) .  O n th e secon d day ,  however , 
D finished  hi s searc h b y usin g AltaVista—^whic h h e state d 
was hi s standar d routine ,  an d whic h h e use d fo r  th e othe r  tw o 
searches—thoug h h e di d no t  us e AltaVist a fo r  thi s searc h o n 
th e first  day .  Eve n D' s verba l  recal l  o f  th e first  day' s searc h 
was inaccurate : 

I  starte d a t  th e Mercur y N e w s an d I  looke d fo r  electio n 
information ,  an d i t  wa s a  dea d en d becaus e .. .  the y giv e 
result s an d no t  ballo t  information .  S o the n I  wen t  t o Ya -
hoo !  fo r  electio n informatio n ...an d the n wen t  t o Al -
taVist a t o searc h fo r  Ralp h Nade r  an d Green . 

Thus ,  i t  wa s no t  merel y tha t  D  coul d no t  find  th e sam e se t  o f 
link s fro m Yahoo !  tha t  h e foun d th e first  da y (se e Figur e 4) , 
he remembere d hi s searc h a s fitting  hi s standar d routine .  U n -
lik e th e cas e previousl y describe d fo r  participan t  T ,  i n whic h 
non-standar d path s wer e omitte d durin g recall ,  i n thi s cas e 
participan t  D  adde d hi s standar d routin e durin g recall . 

Al l  participant s relie d o n thei r  o w n standar d routines ,  suc h 
as searchin g fo r  startin g point s usin g AltaVist a o r  usin g Ya -
hoo !  Mor e importantly ,  o n th e secon d day,yzv e o f  th e seve n 
adde d a  routin e o r  delete d a  non-routin e patter n i n th e way s 
we hav e jus t  illustrated .  Thus ,  becaus e persona l  routine s pla y 
an importan t  rol e i n h o w peopl e remembe r  thei r  searches ,  w e 
conjectur e tha t  suc h routine s for m th e basi s fo r  h o w peopl e 
conceptualiz e searching ;  tha t  is ,  routine s structur e interna l 
representations . 

Discussion 

W h en searchin g th e web ,  peopl e follo w familia r  route s t o find 
ancho r  point s tha t  ar e clos e t o th e desire d information .  T o 
make thi s case ,  w e hav e show n tha t  searchers :  (a )  rel y o n 
persona l  routine s bot h t o find  importan t  node s an d t o find  spe -
cifi c  informatio n startin g fro m thes e nodes ,  an d (b )  generat e 
onl y a  fe w o f  th e importan t  node s the y visite d w h e n recallin g 
thei r  searche s (bot h verball y an d behaviorally) .  I t  follow s tha t 
web searcher s d o no t  fiilly  pla n i n advance ,  bu t  rel y instea d 
on heuristic s (routines )  an d loca l  contex t  (ancho r  points )  t o 
find  informatio n (c f  Georgef f  &  Lansky ,  1987) .  Pu t  anothe r 
way,  we b user s interleav e directe d an d structure d behavior — 
searching—wit h opportunisti c an d unstructure d behavior — 
browsing—t o find  informatio n (Bates ,  1989) . 
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Relate d Studie s o f  W e b Us e 

Our  result s accor d wit h othe r  recen t  studie s o f  ho w peo -
pl e us e th e web .  Catledg e an d Pitko w (1995 )  an d Tauschc r 
and Greenber g (1997a ,  1997b )  analyze d severa l  week s wort h 
of  norma l  we b usag e gathere d fro m dozen s o f  colleg e stu -
dents .  Bot h studie s foun d tha t  we b user s d o no t  ofte n tra -
vers e th e sam e lon g sequenc e o f  node s mor e tha n once .  A s 
we hav e show n i n th e presen t  study ,  participant s wer e unabl e 
t o recall—an d therefor e repeat—specifi c  sequence s o f  U R L s 
eve n whe n explicitl y  aske d t o d o so .  Tausche r  an d Green -
ber g als o foim d tha t  we b user s hav e abou t  a  6 0 % chanc e o f 
revisitin g we b page s the y hav e previousl y visited ;  althoug h 
sequence s o f  U R L s wer e rarel y repeated ,  specifi c  U R L s wer e 
ofte n repeated .  A s w e hav e shown ,  participant s wer e mor e 
apt  t o refin d ancho r  point s tha n t o refin d sequences .  Peopl e 
do no t  follo w th e sam e trail s  becaus e the y d o no t  remembe r 
thei r  trails :  the y remembe r  generi c procedure s an d particu -
la r  ancho r  points .  Thus ,  althoug h w e focuse d o n detail s o f 
specifi c  searc h behavior s observe d i n a  fe w individuals ,  th e 
pattern s w e foun d ar e consisten t  wit h larg e bod y o f  quantita -
tiv e data . 

Cognitive Maps of Web Space 

As mentioned ,  cognitiv e map s incorporat e landmar k knowl -
edge ,  rout e knowledge ,  an d surve y knowledge .  A s shown , 
th e we b searcher s i n ou r  stud y recalle d thei r  searche s i n 
term s o f  landmark s (ancho r  points )  an d route s (persona l  rou -
tines )  fo r  movin g betwee n them .  Thomdyk e an d Hayes-Rot h 
(1982 )  foun d tha t  rout e knowledg e gaine d b y traversin g a 
spac e become s transforme d b y repeate d experienc e int o sur -
vey knowledge .  Thus ,  on e questio n rip e fo r  investigatio n i s 
whethe r  we b searchers '  rout e knowledg e become s mor e lik e 
surve y knowledg e wit h increase d experience .  On e potentia l 
proble m wit h thi s suggestio n i s tha t  surve y map s o f  suc h a 
highl y interconnecte d informatio n spac e migh t  b e to o compli -
cate d fo r  peopl e t o remembe r  an d use .  Jus t  a s rout e informa -
tio n provide s bette r  guidanc e tha n ma p informatio n fo r  a  per -
son drivin g a  ca r  i n a n unfamilia r  regio n (Streeter ,  Vitell o & 
Wonsiewicz ,  1985) ,  anchor s an d routine s migh t  b e th e mos t 
efficien t  wa y o f  representin g th e web' s structure . 

I n summary ,  ou r  stud y o f  ho w peopl e find  informatio n o n 
th e Worl d Wid e W e b suggest s tha t  the y conceiv e o f  th e web' s 
informatio n spac e lik e the y conceiv e o f  physica l  space .  Cog -
nitiv e map s o f  th e we b ar e comprise d o f  (a )  region s o f  in -
formatio n define d b y landmark s an d ancho r  points ,  (b )  an d 
familia r  route s fo r  movin g amon g landmark s an d anchors . 
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