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A b s t r a c t 

Throug h a  stud y wit h experience d driver-navigators ,  w e 
hav e deduce d som e principle s a s t o ho w rout e description s 
ar e constructe d an d expresse d b y humans .  Som e o f  thes e 
principle s ar e implementable ,  an d a  roug h outlin e o f  a  pro -
gra m i s presented .  Give n a  pla n o f  ho w t o g o fro m A  t o B  i n 
a city ,  th e progra m produce s a  non-linguisti c objec t  tha t  rep -
resent s al l  th e rout e informatio n neede d t o presen t  th e rout e 
t o a  specifi c  driver .  A  verba l  descriptio n o f  tha t  objec t  i s 
the n producedl .  Th e goa l  i s t o incorporat e verba l  descrip -
tion s i n rout e guidanc e systems ,  primaril y aime d a t  driver -
navigator s wit h som e knowledg e o f  th e city . 

Furthermore ,  w e speculat e int o wha t  kin d o f  cognitiv e 
processe s ar e involve d whe n human s choos e an d describ e 
routes . 

1. Introduction 

The purpos e o f  th e wor k describe d here ,  i s t o investigat e 
rout e description s give n b y huma n advisers ,  i n orde r  t o find 
principle s a s t o h o w rout e description s ar e buil t  an d ex -
pressed .  W e wante d t o fin d principle s tha t  coul d b e im -
plemente d s o that ,  give n a  plan ,  w e woul d b e abl e t o gener -
at e a  descriptio n o f  tha t  pla n automatically . 

I n th e are a o f  Interactiv e Rout e Guidanc e (IRG) ,  system s 
aime d foremos t  a t  driver s wit h n o o r  ver y limite d experi -
enc e o f  a  cit y exist .  Thes e system s ar e abl e t o guid e th e 
drive r  fro m on e poin t  t o anothe r  i n a  city ,  fo r  exampl e se e 
[vo n Tomkewitsc h 1990] ,  throug h givin g detaile d informa -
tio n i n eac h intersectio n o f  wha t  t o d o nex t  W e wante d t o 
deduc e principle s a s t o h o w w e coul d describ e route s t o 
driver s wit h som e o r  a  lo t  o f  experienc e o f  a  cit y (w e shal l 
hereafte r  refe r  t o thi s grou p o f  peopl e a s residents) .  Thes e 
driver s woul d no t  b e satisfie d wit h a  rout e descriptio n tha t 
keep s givin g detaile d instruction s i n ever y intersection ,  an d 
does no t  tel l  the m wher e the y ar e heading .  Instea d a n 
overvie w o f  wha t  rout e ha s bee n chosen ,  an d a  fe w helpfu l 
instruction s whil e driving ,  giv e enoug h guidanc e fo r  thes e 
drivers .  Th e overvie w must ,  fo r  safet y reasons ,  b e give n 
befor e th e tri p starts ,  a s w e d o no t  wan t  t o interfer e wit h th e 
abead y complicate d drivin g task .  Thi s put s hig h demand s 
on th e presentation/or/M ,  lengt h an d content .  O n e questio n 
raise d o n conten t  was :  H o w ca n w e abstrac t  awa y fro m al l 
th e tediou s detail s o f  a  rout e descriptio n an d stil l  kee p th e 
descriptio n unambiguous ? 

The startin g poin t  fo r  th e stud y reporte d her e wa s a  pilo t 
stud y [HOo k 1991 ]  wher e w e trie d t o investigat e th e influ -
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'The description does not necessarily have to be verbal, it could 
also ,  fo r  instance ,  b e a  combinatio n o f  map s an d words . 

enc e o f  for m (ma p o r  verbal )  o n conten t  o f  h u m a n rout e 
descriptions .  Apar t  fro m demonstratin g som e difference s 
du e t o th e m o d e o f  presentation ,  thi s prestud y als o showe d 
tha t  peopl e ar e abl e t o "chunk "  a  numbe r  o f  road s int o on e 
unit .  Fo r  example ,  drivin g fro m th e startin g poin t  t o th e 
neares t  bi g road ,  i n ou r  experimen t  th e E 4 ,  involve d fou r 
roads .  Thes e fou r  road s wer e "chunked "  int o th e expres -
sion :  "ge t  d o w n t o E4" . 

We foun d thi s chunkin g mechanis m interesting ,  sinc e i t 
coul d provid e u s wit h a  mean s o f  reducin g th e lengt h o f  a 
rout e descriptio n whil e keepin g i t  unambiguous .  W e k n o w 
fro m othe r  studie s o n rout e guidanc e tha t  human s choos e 
route s dependin g upo n a t  leas t  tw o importan t  factors : 
firstly,  th e rout e should ,  i f  possible ,  follo w a  patter n o f  try -
in g t o fin d a  bi g roa d nearby ,  goin g o n i t  fo r  a  whil e an d 
the n gettin g of f  (eve n i f  ther e exist s a  rout e o n smalle r 
road s tha t  woul d b e shorter )  [Streete r  1985 ,  Streete r  an d 
Vitell o 1986] ;  secondly ,  th e hierarchica l  leve l  o f  a  roa d 
(local ,  secondar y an d majo r  roads )  influence s whethe r  i t  i s 
chose n o r  no t  [Pailhous e 1970 ,  Chas e 1986 ,  Streete r  1985] . 
We wer e intereste d i n seein g whethe r  th e principle s fo r 
rout e choic e woul d b e reflecte d i n th e rout e description , 
and whethe r  th e reason s fo r  rout e choic e ar e th e sam e tha t 
underli e th e choic e o f  rout e chunk s tha t  human s describ e t o 
on e another . 

I n th e stud y describe d here ,  w e aske d person s w h o hav e 
lon g experienc e o f  Stockhol m an d w h o fro m tim e t o tim e 
ar e aske d t o giv e rout e descriptions ,  t o giv e u s tw o kind s o f 
descriptions ,  on e fo r  a  tourist ,  an d anothe r  aime d a t  a 
Stockhol m resident .  Contrastin g thes e tw o description s 
woul d giv e u s a  ke y t o whic h principle s ha d bee n use d fo r 
doin g th e latte r  description . 

Apar t  fro m finding  ou t  abou t  th e underlyin g principles , 
we wer e als o hopin g t o explor e th e kin d o f  concept s peopl e 
us e whe n the y describ e route s i n orde r  t o ge t  idea s h o w t o 
generate ,  automatically ,  verba l  description s o f  routes .  W e 
expecte d t o find  a  restricte d languag e o f  rout e descriptions ; 
a limite d se t  o f  expression s wit h quit e definit e rule s o f  h o w 
thes e expression s coul d b e combined . 

I t  mus t  b e emphasize d tha t  th e stud y shoul d foremos t  b e 
looke d upo n a s a  dat a collectin g stud y rathe r  tha n a n inves -
tigatio n int o h u m a n behaviour .  W e ar e intereste d i n find-
in g result s tha t  ca n b e implemented ,  an d use d a s a n inter -
fac e t o a  rout e guidanc e system .  I n sectio n 4 ,  w e roughl y 
outlin e o f  h o w w e imagin e tha t  th e result s fro m th e stud y 
ca n b e use d t o m a k e suc h a n implementation .  Eve n so ,  i n 
sectio n 3  w e hav e allowe d ourselve s t o speculat e upo n 
what  kin d o f  menta l  processin g i s takin g plac e whe n th e 
subject s chos e an d describ e routes . 

2. Experiment set-up 

The experimen t  wa s conducte d wit h route s i n Stockholm , 
and th e set-u p consiste d o f  1 0 person s tha t  wer e paid .  Th e 
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subject s wer e tax i  drivers ,  traffi c  policeme n an d resident s 
w ho al l  wer e experience d driver s use d t o givin g directions . 
Th e interview s too k approximatel y 1  2  hour s pe r  subject . 
Th e subject s wer e give n si x differen t  startin g point s an d a 
destination s an d wer e aske d t o d o th e followin g fo r  each : 
1.  Firs t  fin d a  rout e betwee n th e tw o points ,  eithe r  b y hea d 

or  usin g a  m a p provide d b y us .  Subject s wer e encour -
age d t o thin k alou d durin g thi s phase . 

2.  Giv e a  verba l  rout e descriptio n o f  th e chose n rout e t o 
anothe r  experience d navigato r  (on e o f  th e authors) .  Th e 
m ap wa s take n awa y s o tha t  n o "pointing "  a t  th e m a p 
woul d clutte r  u p th e results . 

3.  Giv e a  verba l  rout e descriptio n o f  th e chose n rout e t o a 
"tourist "  drive r  (th e othe r  author) . 

(Throughou t  th e res t  o f  th e document ,  w e shal l  refe r  t o 
th e experimenta l  leade r  w h o playe d th e rol e o f  experience d 
drive r  a s th e resident ,  an d th e othe r  experimenta l  leade r 
wil l  b e calle d th e tourist. )  Th e whol e sessio n wa s video -
taped .  Th e stanin g an d en d point s wer e chose n s o tha t 
route s betwee n woul d var y i n term s of : 
•  hierarchica l  leve l  o f  th e road s involve d i n th e route , 

wher e hierarchica l  i s  take n t o m e a n whethe r  th e roa d wa s 
an alley ,  bi g roa d o r  expressway ; 

•  "patterns" ,  wher e w e expecte d differen t  pattern s t o 
emerge ,  a  patter n being ,  fo r  example ,  driv e fro m startin g 
poin t  t o som e bi g road ,  fro m bi g roa d t o destination ; 

•  distance ,  wher e tw o o f  th e pair s ha d simila r  o r  identica l 
startin g points ,  an d differe d mainl y i n th e distanc e t o th e 
destination . 

3. Results 

Th e influenc e o f  hierarchica l  leve l  prove d t o b e a n impor -
tan t  factor .  W e confirme d tha t  th e rout e description s fol -
lo w a  patter n usuall y consistin g o f  drivin g fro m th e startin g 
poin t  t o som e k n o w n bi g road ,  an d the n drivin g of f  th e bi g 
roa d t o th e goa l  point .  Th e subject s als o chos e differen t 
road s fo r  th e touris t  an d th e resident ,  sometime s explicitl y 
statin g tha t  th e reaso n wa s tha t  th e rout e describe d t o th e 
touris t  wa s mor e easil y described .  W e foun d som e interest -
in g propertie s o f  th e description s aime d fo r  th e resident , 
some o f  whic h explai n whe n an d w h y somethin g i s turne d 
int o a  chunk .  W e wer e als o abl e t o construc t  a  g ramma r 
tha t  togethe r  wit h som e "heuristic "  rule s define s th e rout e 
descriptio n language . 

3.1 Three kinds of descriptions 

W h en analysin g th e experimen t  w e foun d thre e differen t 
kind s o f  descriptions .  Firstly ,  ther e wa s th e touris t  descrip -
Procedura l 
Driv e Valhallavage n pas t  tw o roundabout s 
up t o a  smal l  divide r  tha t  "stand s ou t  int o 
th e stree t  a  little "  o n Valhallavagen ,  wher e 
yo u tur n lef t  ont o Artillerigatan .  Driv e i t  al l 
th e wa y dow n t o Karlavage n wher e yo u 
tur n right .  Driv e Karlavage n whic h i s a 
boulevar d pas t  a  par k o n you r  left-han d sid e 
up t o th e secon d lef t  afte r  th e par k wher e 
yo u tur n lef t  o n Ridmansgatan .  Driv e i t 
down pas t  tw o red-lights ,  al l  th e wa y unti l 
Sveavage n wher e yo u tur n lef t  Driv e im -
mediatel y righ t  ont o Tegnergatan .  Driv e u p 
a hil l  t o Tegnerlunden . 

Figur e 1 .  F ro m Gusta v Adolf s kyrk a t o Tegneriunden ;  example s o f  procedural ,  mixe d an d declarativ e rout e description s . 

tion ,  whic h w e cal l  th e procedura l  description .  Th e charac -
te r  o f  th e procedura l  descriptio n (se e als o sectio n 3.2 )  i s 
primaril y tha t  i t  i s  a  descriptio n o f  a  procedure ,  namely , 
h o w t o driv e fro m A  t o B .  Ever y roa d i n th e rout e i s men -
tioned ,  an d th e subject s tr y t o find  propertie s o f  th e roa d 
tha t  th e touris t  ca n us e fo r  recognition .  The n ther e wer e 
tw o kind s o f  description s aime d a t  residents ,  on e whic h w e 
coul d obtai n jus t  fro m takin g th e descriptio n aime d fo r  th e 
touris t  an d cros s ou t  som e o f  th e information ,  hereafte r 
calle d th e mixe d description ,  an d anothe r  base d o n a n en -
tirel y differen t  w a y o f  thinkin g abou t  th e routes ,  whic h w e 
cal l  th e declarativ e description .  I n figure 1  w e ca n se e on e 
exampl e o f  th e differenc e betwee n thes e thre e kind s o f  de -
scriptions .  (Th e exampl e description s hav e bee n para -
phrase d accordin g t o th e gramma r  i n figur e 2 ,  fo r a  ful l 
transcrip t  tur n t o [HOo k an d Karlgre n 1991]. ) 

Th e mixe d descriptio n seeme d t o com e u p wheneve r  th e 
subjec t  fel t  tha t  th e residen t  interviewe r  di d no t  kno w th e 
rout e th e subjec t  wa s abou t  t o describe .  Th e rout e coul d 
contai n som e n e w twitc h no t  commonl y used ,  o r  i t  coul d b e 
tha t  a  par t  o f  th e rout e wa s a t  a  lowe r  hierarchica l  leve l 
tha n th e res t  o f  th e route .  Usually ,  thi s kin d o f  descriptio n 
was onl y use d fo r  a  mino r  par t  o f  th e whol e route ,  bu t 
sometime s th e entir e rout e woul d b e explaine d a t  thi s level . 
Thi s kin d o f  descriptio n i s foremos t  characterize d b y th e 
fac t  tha t  i t  use d 'spatia l  markers '  lik e 'left' ,  'right '  etc. ,  an d 
tha t  w e coul d obtai n thi s descriptio n simpl y fro m crossin g 
out  certai n extr a information ,  lik e landmarks ,  lan e infor -
mation ,  etc. ,  fro m th e procedura l  description .  Usually ,  n o 
object s (roads ,  intersection s o r  landmarks )  wer e skippe d 
fro m thi s description . 

Th e declarativ e descriptio n aime d a t  residents ,  i s  mos t 
easil y characterize d a s a n attemp t  t o onl y mentio n enoug h 
roa d name s t o exclud e an y othe r  possibl e route ,  o r  rathe r 
an y othe r  candidat e alternativ e route .  I t  i s  a  kin d o f  reflec -
tio n o f  th e searc h spac e tha t  th e subject s traverse s i n orde r 
t o decid e upo n a  route .  Al l  th e intersectio n an d som e road s 
hav e disappeare d fro m thi s description ,  an d ther e ar e n o 
'spatia l  markers '  lef t 

3.2 What Does A Novice Description Looit Like? 

A procedura l  descriptio n ca n b e see n a s a  sequenc e o f  iden -
tify-ac t  instructions .  Firstly ,  a  poin t  alon g th e rout e i s iden -
tifie d an d the n th e actio n tha t  shoul d lak e plac e a t  tha t 
poin t  i s  mentioned .  O f  course ,  th e mai n plac e wher e ac -
tion s happe n whil e drivin g i s i n intersections .  Thu s inter -
section s ar e centra l  t o procedura l  rout e descriptions . 

Mixe d 
Fin d yoiu -  wa y u p t o Valhallavagen .  I>riv e 
Valhallavage n u p t o Artillerigatan .  Driv e 
Artillerigata n dow n t o Karlavage n wher e 
yo u tur n left .  Driv e Karlavage n u p t o 
Ridmansgata n wher e yo u tur n left .  Driv e 
Ridmansgata n dow n t o Sveavage n wher e 
yo u tur n left .  Driv e u p t o Tegnergata n 
wher e yo u tur n right.  Driv e u p th e hil l  an d 
ther e i s Tegnerlunden . 

Declarativ e 
Driv e Karlavage n t o Ridmansgatan .  Driv e 
Ridmansgata n t o Sveavagen . 
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I n procedura l  rout e description s w e als o foun d tw o othe r 
kind s o f  actions ,  namel y t o continu e t o driv e alon g a  road , 
and t o pin-poin t  a  position .  W e cal l  thos e th e maintai n an d 
placemen t  actions . 

Identifying intersections. There are several methods of 
identifyin g a n intersection .  Th e mos t  c o m m o n wa y o f 
identifyin g a n intersectio n i s b y identifyin g th e intersectin g 
road .  Anothe r  method s i s t o identif y i t  b y n a m e : 
"Brommaplan" ,  bu t  ver y fe w intersection s hav e name s i n 
themselves ,  an d i f  the y do ,  th e name s onl y ver y seldo m ar e 
poster .  Th e typ e o f  a n intersectio n ca n b e use d fo r  identifi -
cation :  " a roundabout" .  I f  th e intersectio n i s o f  a n unusua l 
typ e i t  i s  mor e likel y t o b e use d a s a n identifyin g feature : 
roundabouts ,  T-crossings ,  forks ,  an d merge s ar e al l  use d i n 
th e interviews . 

Intersection s ca n als o b e referre d t o b y usin g landmark s 
situate d nea r  o r  i n th e intersection .  Th e siz e o f  th e intersec -
tio n i s sometime s used ,  whic h i s derive d fro m th e hierar -
chica l  leve l  o f  th e road s intersecting .  A n intersectio n i s re -
ferre d t o a s larg e whe n th e intersectin g roa d i s a t  leas t  a s 
larg e a s th e stree t  bein g traversed .  O n e metho d (whic h 
mor e ofte n tha n no t  prove d faulty) ,  wa s t o identif y th e in -
tersectio n b y th e n u m b e r  o f  intersection s befor e it . 
Sometime s subject s woul d us e severa l  o f  thes e method s t o 
identif y th e intersection .  Thes e method s ca n b e (partially ) 
ordered :  n a m e o f  th e intersectio n i s mos t  important ,  the n 
comes type ,  landmar k an d siz e an d thereafte r  intersectin g 
roa d an d numbe r  o f  intersections . 

Identifying roads. Roads need to be identified as well. 
Roads ar e identifie d b y nam e b y siz e o r  b y type .  Th e prior -
it y betwee n th e thre e i s somewha t  differen t  fro m th e identi -
fication  o f  intersections .  T h e n a m e i s ver y important . 
Eve n i f  th e n a m e o f  a  roa d i s n e w t o a  touris t  i t  wil l  b e 
used .  Lan e informatio n i s ver y seldo m use d a t  all ,  bu t  whe n 
i t  is ,  i t  seem s t o tak e o n tw o differen t  functionalities .  I t  i s 
eithe r  a  descriptio n o f  a  roa d t o hel p determin e th e siz e o r  i t 
i s  use d t o describ e a  tur n i n mor e detail . 

Maintenance and placement actions. In the maintenance 
action ,  wher e th e drive r  i s instructe d t o continu e followin g 
a road ,  ther e ar e severa l  differen t  way s fo r  indicatin g dis -
tance :  numbe r  o f  block s passed ,  distanc e i n kilometres ,  o r 
genera l  expression s lik e "fo r  a  bit" ,  "al l  th e way" ,  an d s o 
forth .  Maintenanc e action s appea r  wheneve r  th e roa d i s 
goin g t o b e drive n fo r  a n unexpectedl y shor t  o r  lon g dis -
tance . 

Th e placemen t  actio n i s no t  reall y a n actio n bu t  rathe r  a 
genera l  descriptio n o f  a  location :  a  descriptio n o f  a  place , 

an intersection ,  o r  a  view .  Placemen t  instructio n ca n b e 
composition s o f  severa l  landmar k references .  Placemen t 
instruction s len d t o occu r  i n th e beginnin g o f  procedura l 
descriptions ,  an d then ,  late r  i n th e interview ,  whe n som e 
characteristi c objec t  o r  vie w show s up ,  mos t  ofte n a n objec t 
tha t  i s  s o visibl e tha t  i t  absolutel y mus t  b e mentioned .  I n 
th e latte r  situatio n th e placemen t  instructio n serve  a s a 
paus e i n th e description .  Afte r  th e pause ,  th e las t  par t  o f 
th e tri p i s ofte n repeated . 

Beginning and end of the route. In the interviews, 
tourist s tende d t o b e guide d ou t  fro m th e startin g point ,  an d 
als o receive d placemen t  instruction s fo r  th e startin g point : 
th e subjec t  assume d tha t  th e touris t  di d no t  k n o w wha t  th e 
startin g poin t  looke d like . 
Sometime s th e en d poin t  woul d onl y b e describe d b y "the n 
yo u follo w th e signs" ,  whic h i s onl y possibl e whe n th e en d 
poin t  i s  bi g enoug h t o b e posted .  I n othe r  cases ,  th e whol e 
en d par t  o f  th e tri p wa s describe d an d a  placemen t  instruc -
tio n wa s give n s o dia t  th e tourist s woul d k n o w whe n the y 
had reache d th e end . 

A descriptive grammar. Bringing together what has been 
sai d abov e w e find  tha t  w e hav e a  smal l  gramma r  fo r  rout e 
descriptions ,  se e figure  2 .  I t  turn s ou t  tha t  mos t  regularitie s 
of  procedura l  rout e description s ca n b e capture d eve n wit h 
thi s relativel y crud e formalism . 

3.3 Differences between novice and expert 

Give n tha t  w e k n o w wha t  a  procedura l  descriptio n look s 
like ,  a  mixe d descriptio n ca n b e obtaine d b y deletin g Irrel -
evan t  informatio n tha t  th e residen t  navigato r  akead y 
knows .  T h e basi c structur e o f  thi s mixe d descriptio n i s no t 
identify-ac t  bu t  rathe r  identif y a s simpl y a s possibl e an d 
the n ac L B y identif y a s simpl y a s possibl e w e understan d 
tha t  n o hierarchica l  information ,  description s o f  landmarks , 
traffic ,  traffi c  regulation s etc ,  ar e include d i n th e descrip -
tion .  W h a t  wil l  b e lef t  i s  simpl y th e backbon e o f  a  proce -
dura l  rout e description ;  "driv e Road l  unti l  Intersection! , 
tur n lef t  an d driv e Road2" .  Ther e ar e a  fe w exception s 
ft'om  thi s pattern .  Th e roa d n a m e ca n b e substitute d b y a 
k n o w n landmark ,  an d subject s sometime s fee l  incline d t o 
describ e a  roa d o n a  ver y lo w hierarchica l  leve l  a s "small" . 
Otherwise ,  mixe d description s ca n b e obtaine d b y remov -
in g th e "Intersectionid "  an d th e "Roadid "  fro m th e gram -
mar  rul e "Action" ,  an d tak e awa y th e placemen t  an d main -
tai n instruction s fro m th e gramma r  i n figure  2 . 

Route_desc r  - > Star t  Instruction *  Goa l 
Instructio n —> Actio n I  Maintai n I  Placemen t 
Star t  - *  Placemen t 
Goal  - > Placemen t  I  Sig n 
Actio n - > driv e Roa d (Roadid ) 

(Unt U Intersectio n (Intersectionid) ) 
(wher e yo u Do ) 
(Direction ) 
(int o Roa d (Roadid) ) 

Maintai n - •  driv e Roa d (Roadid ) 
{pas t  Landmar k I  throug h Are a I  Sig n I 
toward s N S W EI  tmti l  namechang e t o N a m e I  Distance ) 

Placemen t  - > Yo u ca n se e (Landmar k I  Roa d I.. .  ) 
Roadi d -»whic h ha s Featur e 
Unti l  —> unti l  I  al l  th e wa y unti l  I  right  t o th e en d I.. . 
Intersectio n - » N a m e I  Typ e I  Siz e I  a n intersectio n 
Intersectioni d —» whic h ha s Featur e I  whic h i s b y Landmar k 
Do —> tur n lef t  I  tur n right  I  follo w th e traffi c  I  g o righ t  throug h 
Directio n - > toward s Are a I  toward s N S WE I  "down "  I  "up "  I  Sig n 
Distanc e —» N  {mete r  I  intersection s I  red_Ught s I  block s I  .. .  ) 

I  fo r  a  whil e I  fo r  a  shor t  whil e I  directl y 
Sig n —*  followin g sig n toward s {Are a I  Roa d ... } 
N - » 1121.. . 

Figur e 2 .  A  descriptiv e gramma r  fo r  touris t  rout e descriptions . 
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Declarativ e description s o n th e othe r  hand ,  ar e funda -
mentall y differen t  fro m procedura l  descriptions .  W e canno t 
simpl y tak e a  procedura l  descriptio n an d cros s ou t  irrele -
van t  informatio n an d obtai n a  declarativ e description . 
Action s fo r  resident s d o no t  happe n i n intersections ,  instea d 
th e descriptio n consis t  o f  a  numbe r  o f  simpl e instruction s 
tha t  i n mos t  case s simpl y i s a  roa d name ,  se e figur e 3 . 

Routedesc r 

Instructio n -

Star t  Instruction *  Goa l 

Residen t 

[ ] Start- ) 

Goal  ^  [ ]  I  Sig n I  Mixe d 

Residen t  - » driv e Roa d I  driv e pas t  Landmar k 

Sig n - *  followin g sig n toward s {Are a I  Roa d .. .  ] 

Mixe d —> se e above . 

Figur e 3 .  A  descriptiv e gramma r  fo r  residen t  rout e de -
scriptions . 

Gaps in the declarative description. In the procedural 
descriptions ,  ever y road ,  ever y intersectio n wher e action s 
tak e place ,  an d som e o f  th e landmark s wer e mentioned .  I n 
th e residen t  description ,  al l  th e intersections ,  an d almos t  al l 
th e landmark s disappear .  I t  i s  eve n th e cas e tha t  som e o f 
th e road s ar e lef t  ou L Whic h ones ? 

Firstly ,  subject s see m t o tak e awa y th e first  par t  o f  th e 
trip .  Th e subject s apparentl y assum e tha t  th e reaso n fo r 
askin g abou t  a  rout e betwee n th e startin g poin t  an d th e des -
tination ,  i s  tha t  yo u k n o w wher e yo u are ,  bu t  yo u d o no t 
k n o w exactl y wher e th e destinatio n i s situated .  Th e princi -
pl e seem s t o b e tha t  al l  road s befor e a  roa d wit h quit e a 
hig h hierarchica l  level ,  ca n b e take n away ,  bu t  no t  mor e 
tha n 2  -  3  roads . 

Th e en d par t  o f  th e tri p i s no t  describe d wit h th e sam e 
pattern ,  instea d th e mixe d descriptio n i s ofte n use d b y th e 
subjects .  Exception s aris e whe n th e goa l  i s  o n a  ver y hig h 
hierarchica l  leve l  o r  clos e t o a  roa d whic h is .  Onl y the n ar e 
road s lef t  out . 

Ther e ar e als o gap s i n th e middl e o f  th e descriptio n 
wher e road s hav e bee n lef t  out ,  an d th e principl e behin d 
thos e gap s i s m u c h mor e complicate d t o depict .  I t  seem s 
tha t  th e road s tha t  ar e mentione d serv e th e purpos e o f  ex -
cludin g othe r  possibl e routes .  B y othe r  possibl e routes ,  w e 
do no t  mea n an y possibl e route ,  bu t  rathe r  an y rout e tha t 
woul d hav e bee n a  likel y candidat e t o ge t  t o th e destina -
tion .  Th e subject s als o ad d road s tha t  mak e th e rout e de -
scriptio n complete ,  usuall y road s wit h a  hig h hierarchica l 
level .  A  roa d whic h i s onl y goin g t o b e followe d fo r  a  mi -
nor  par t  o f  it s  length ,  o r  tha t  i s  o n a  lowe r  hierarchica l  leve l 
tha n th e res t  o f  th e roads ,  i s  onl y mentione d i f  i t  give s th e 
rout e a n unexpecte d twitc h o r  i f  i t  lead s t o th e goal .  Th e 
road s tha t  ar e followe d t o thei r  en d ar e usuall y mentioned . 

The use of landmarks. Subjects use landmarks in quite 
differen t  way s fo r  resident s a s oppose d t o tourists .  Th e ob -
viou s differenc e i s tha t  som e landmark s ar e onl y visible/us -
abl e t o a  drive r  i f  sh e know s th e city .  Tourist s i n genera l 
wer e provide d wit h a  lo t  mor e landmark s tha n wer e resi -
dents . 

Wit h tourist s w e foun d tha t  landmark s ar e use d fo r  thre e 
differen t  purposes .  First ,  the y mak e i t  possibl e fo r  th e 
touris t  t o recogniz e a n intersectio n wher e a n actio n i s sup -
pose d t o tak e place .  Second ,  the y ca n b e use d t o kee p th e 
touris t  o n a  certai n roa d fo r  a  while ,  i n maintenanc e instruc -

tions .  Third ,  placemen t  instruction s usuall y consist s o f  on e 
or  mor e landmarks ,  use d i n a  mor e checkpoint-lik e manner , 

t o indicat e tha t  a  ne w serie s o f  instruction s wil l  follo w afte r 
tha t  checkpoint . 

Wit h residen t  navigator s o n th e othe r  hand ,  landmark s 
ar e use d a s choic e point s rathe r  tha n a s recognizabl e items . 

Instea d o f  usin g a  roa d name ,  a  landmar k tha t  uniquel y de -
termine s tha t  roa d ca n b e used .  Th e landmar k i s therefor e 
not  describe d i n an y detail ,  bu t  i s  onl y referre d t o b y name . 

For  th e tourist ,  landmark s ar e use d wheneve r  ther e i s a 
noticeabl e landmar k i n a n intersection .  A n intersectio n 

withou t  landmar k i s describe d b y som e othe r  means ,  lik e 
name,  intersectin g roads ,  hierarchica l  level ,  o r  U f̂fi c  inten -
sity .  Landmark s alon g th e roa d onl y appea r  whe n yo u hav e 
t o trave l  fo r  som e longe r  tim e o n tha t  road ,  a s i n mainte -

nanc e instructions . 
I n th e residen t  descriptions ,  landmark s quit e frequentl y 

tur n u p whe n th e subjec t  canno t  remembe r  th e nam e o f  th e 
road ,  o r  whe n th e landmar k i s suc h a  know n ite m tha t  it s 
name woul d supersed e th e roa d name . 

3.4 Route Choice 

O ne o f  th e pair s o f  startin g an d en d point s di d no t  allo w 
differen t  rout e choices ,  bu t  th e othe r  one s did .  W e foun d 
tha t  i n quit e a  fe w cases ,  th e subject s woul d choos e differ -
ent  route s fo r  th e touris t  an d th e resident ,  an d the y woul d 
mentio n th e fac t  tha t  the y di d so ,  an d sometime s why . 
Usuall y th e reaso n wa s tha t  th e rout e chose n fo r  th e touris t 
was mor e easil y described . 

N o w,  wha t  make s a  rout e mor e easil y describe d tha n an -
othe r  one ? [Davi s an d Trobaug h 1987 ]  hav e define d som e 
propertie s o f  easil y describe d routes ;  the y shoul d no t  con -
tai n to o m a n y turns ,  an d i t  should ,  whe n possible ,  g o vi a 
importan t  landmarks .  O n e o f  ou r  subject s explicitl y  exem -
plifie d th e secon d property .  H e consistend y trie d t o ge t  th e 
touris t  pas t  bi g landmark s tha t  wer e visuall y attractive . 
Th e firs t  hypothesi s coul d als o b e verified ,  th e touris t 
route s ha d i n genera l  les s turns . 

We woul d hk e t o ad d anothe r  propert y t o d o wit h hierar -
chica l  leve l  o f  roads .  Ou r  subject s frequentl y trie d t o 
choos e road s o n th e highes t  hierarchica l  level .  Th e concer n 
seems bot h t o b e tha t  th e rout e b e th e shor t  i n term s o f 
time ,  bu t  als o tha t  drivers ,  especiall y  tourists ,  shoul d no t 
get  lost .  A  bigge r  roa d i s easie r  t o recognize ,  i t  ha s bette r 
signs ,  an d yo u ca n usuall y sta y o n i t  longe r  tha n o n a  roa d 
on a  lowe r  hierarchica l  level .  W h e n analysin g th e materia l 
furthe r  w e foun d tha t  th e numbe r  o f  road s appearin g i n th e 
residen t  rout e i s slightl y larger ,  bu t  th e interestin g differ -
enc e i s tha t  th e hierarchica l  leve l  i s  i n genera l  lowe r  fo r  th e 
resident . 

plGara m boapiu l [K»IV«l | 

I  DrocmAigfaolii i 

PrirlhmwplM ] 

Figur e 4 .  Goin g fro m Karlapla n t o S: t  GOran s 
hospita l  o r  Drottningholm . 
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Differen t  route s wer e als o quit e frequently  chose n fo r 
goal s alon g th e sam e line ,  bu t  wit h on e goa l  furthe r  awa y 
tha n th e other .  A n interestin g patter n become s apparent . 

W h en a  rout e i s chosen ,  th e subject s seeme d first  t o tr y 
backtrackin g fro m th e goa l  i n th e directio n o f  th e startin g 
point ,  t o a  well-know n spo t  o r  roa d t o whic h the y kne w 
the y coul d find  thei r  wa y fro m th e startin g point . 

N o w,  i n figure  4 ,  w e se e tha t  on e o f  th e destination s tlia t 
we choos e fo r  ou r  study ,  lie s ver y clos e t o a  bi g road , 
marke d a s Essingeleden .  Thi s bi g roa d wa s ver y frequentl y 
chose n fo r  th e secon d goal ,  Drottningholm ,  bu t  no t  a s ofte n 
fo r  th e first  goal ,  S. t  GOran s hospital ,  tha t  lie s s o clos e t o i t 
We foun d tha t  sinc e chosin g thi s roa d woul d mea n goin g i n 
th e wron g directio n a  coupl e o f  block s (i n th e directio n 
from  th e startin g point) ,  subject s wer e unwillin g t o mak e 
thi s connection ,  bot h fo r  tourist s an d fo r  residents .  Instea d 
the y connecte d th e poin t  Fridhemspla n wit h th e goal ,  an d 
trie d t o find  a  rout e from  th e starlin g poin t  t o Fridhemsplan . 
The rout e throug h Fridhemspla n i s muc h mor e complicate d 
bot h t o describ e an d t o travel .  Essingelede n i s a  rout e a t  th e 
highes t  leve l  o f  hierarchy ,  an d th e speed-limi t  i s  her e 7 0 
km/ h instea d o f  5 0 knV h . 

To som e exten t  th e wa y tha t  subject s construc t  route s i n 
thei r  minds ,  wil l  manifes t  itsel f  i n thei r  description .  I n th e 
exampl e above ,  Fridhemspla n wa s mentione d a s a n impor -
tan t  poin t  i n th e residen t  descriptio n i f  tha t  rout e wa s cho -
sen . 

4. Automatic generation of messages 

We ai m t o d o a  'sensible '  implementatio n o f  th e principle s 
extracte d fro m th e study .  Sinc e 'sensible '  i s  no t  necessar -
il y  equa l  t o h o w human s describ e route s [Riesbec k 1980] , 
we als o nee d t o loo k a t  h o w human s understan d an d 
misunderstan d rout e descriptions .  Luckily ,  ther e hav e bee n 
quit e a  numbe r  o f  suc h studie s [Sfreete r  an d Vitell o 1986 , 
Labial e 1989 ,  etc.] .  W e k n o w tha t  human s ar e ba d a t  read -
in g an d understandin g maps ,  ba d a t  estimatin g distance s 
and numbe r  o f  blocks ,  tha t  human s ten d t o forge t  instruc -
tion s wit h mor e tha n 7± 2 items ,  etc . 

Let  u s explor e a  syste m fo r  pla n presentation .  Give n a 
startin g point ,  a  destination ,  knowledg e o f  th e user' s expe -
riences  i n th e area ,  an d a  databas e o f  th e rout e t o b e tra -
versed ,  th e sfrateg y fo r  descriptio n wil l  b e base d o n a  thre e 
ste p process ,  se e figur e 5. ^  Firs t  th e planne r  construct s a 
route .  I t  consis t  o f  node s an d segments ,  wher e th e node s 
roughl y correspond s t o intersections ,  an d th e segment s t o 
roads . 

Secondly ,  th e rout e chunkin g mechanisms ,  usin g th e 
plan ,  th e use r  model ,  an d th e m a p database ,  proces s th e 
pla n int o suitabl e chunk s accordin g t o th e result s obtaine d 
i n ou r  study .  I t  wil l  i n th e touris t  cas e chang e th e pla n int o 
a "Road l  Intersection !  Road2 ,  R o a d 2 Intersection 2 
Road3 "  patter n wit h th e intermediat e roa d repeated .  I t  wil l 
the n ador n thi s patter n wit h name s o f  road s an d intersec -
tions ,  landmarks ,  lan e information ,  etc. ,  wher e needed . 

'  I n figur e 5  w e hav e lef t  ou t  a  numbe r  o f  component s necessar y 
fo r  a  rout e guidanc e system ,  fo r  instance ,  a  rout e monitor ,  som e 
integrate d dialogu e management ,  dynami c replaimin g etc .  Fo r  a 
complet e pictur e o f  th e syste m architectur e tur n t o [Brow n e t  al . 
1990] . 

Placemen t  an d maintai n instruction s wil l  b e adde d wher e 
needed . 

I n th e residen t  case ,  th e rout e chunkin g mechanis m wil l 

chang e th e pla n b y deletin g al l  intersection s an d a s man y 
road s a s possible .  I t  wil l  als o serialis e th e object s t o b e de -
scribe d int o chunk s o f  reasonabl e size ,  an d decid e whic h 
road s t o substitut e wit h landmark s o r  nicknames .  Her e w e 
wil l  us e th e sam e principle s a s di d ou r  subjects ,  fo r  in -
stance :  whic h road s t o delet e wil l  b e deduce d fro m thei r 

hierarchica l  leve l  an d plac e i n th e pattern ;  al l  intersection s 
wil l  b e deleted ;  i f  a n extremel y lo w leve l  roa d ha s bee n 
chosen ,  w e wil l  describ e i t  i f  come s i n th e middl e o f  th e 
trip ;  th e firs t  an d las t  part s o f  th e frip  wil l  b e take n away , 
etc .  W e shal l  loo k ou t  fo r  an y sfrang e twitc h i n th e pla n 
wher e w e migh t  nee d t o us e th e mixe d descriptio n rathe r 
tha n th e declarativ e description .  Th e road s ar e give n 
names take n fro m th e m a p database . 

Lastly ,  th e outpu t  fro m th e generato r  i s fe d int o a  N L 
generator .  I n vie w o f  th e fac t  tha t  th e description s consti -
tut e suc h a  limite d subse t  o f  natura l  language ,  a s ca n b e 
see n fro m ou r  descriptiv e grammar ,  eve n a  relativel y smal l 
and unsophisticate d generato r  ca n b e expecte d t o produc e 
satisfactor y results . 

Message s 

I 

I 
Planne r 

Dnver 

Map-relate d 
informatio n 

Rout e 
Chunkin g 

- ^ 

Text 
generato r 

Databas e 

r  Textua l 
T message s 

Figur e 5 .  Rout e chunkin g mechanism . 

T h e outpu t  from  th e rout e chunkin g mechanism ,  i s 
roughl y equivalen t  t o a  messag e a s define d b y [Mellis h an d 
Evan s 1989] .  I t  i s  a  nonlinguisti c object ,  a t  a  mor e abstrac t 
leve l  tha n th e linguisti c level .  A  messag e i s buil t  fro m a 
limite d messag e languag e specificall y devise d t o expres s a 
certai n domain ,  i n Mellis h an d Evans '  case ,  th e plannin g 
domain . 

Our  messag e languag e i s m u c h mor e limite d tha n Mell -
is h an d Evans '  sinc e i t  onl y wil l  dea l  wit h sequentia l  plan s 
instea d o f  nonlinear ,  ther e i s onl y on e acto r  abl e t o perfor m 
th e instruction s instea d o f  several ,  an d th e utterance s w e 
woul d lik e t o expres s ar e fewer .  Stil l  w e woul d lik e t o 
make ou r  messag e languag e rich  enoug h t o late r  o n b e abl e 
t o expres s explanations ,  an d a s a  basi c datastructur e fo r  dy -
nami c replanning 2 reasoning . 

A messag e i s firstly  a n utterance ,  bu t  als o variou s way s 
of  combinin g messages .  A n utteranc e i n tur n i s eithe r  a n 
instructio n t o perfor m a n action ,  a n explanatio n o f  a n ac -
tion ,  o r  a n expansio n o f  a  comple x actio n int o subactions , 
etc .  A n actio n i n ou r  cas e i s wha t  th e drive r  ca n d o whil e 
followin g th e route ,  i.e .  turn ,  maintain ,  placemen t  o r  driv e 
actions .  Th e purpos e o f  th e rout e chunkin g mechanism s 

^  Dynami c replaimin g come s int o pla y whe n th e syste m ca n 
repla n du e t o traffi c  intensit y o r  othe r  variables .  A  ne w pla n the n 
migh t  hav e t o b e presente d t o th e driver .  Som e reasonin g a s t o 
ho w muc h o f  thi s ne w pla n need s t o b e presented ,  ha s t o tak e 
place . 
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wil l  therefor e b e t o tak e a  pla n an d decid e wha t  i s t o b e 
said ,  i n wha t  orde r  an d t o whom ,  an d the n produc e a  mes -

sage wit h tha t  information . 

I n figur e 5  above ,  th e use r  mode l  onl y influence s th e 
rout e chunking .  I t  i s  importan t  t o poin t  ou t  tha t  i n thi s 

case ,  an d man y others ,  a  use r  mode l  shoul d reall y b e al -
lowe d t o influenc e earUe r  stage s a s well .  Here ,  tha t  woul d 
mean influencin g th e plannin g process .  I f  th e planne r  ca n 

be adopte d fo r  th e tourist ,  s o tha t  i t  produce s plan s wit h 
fewe r  turns ,  a s i n [Elliot t  an d Les k 1982] ,  an d include s 
road s a t  highe r  hierarchica l  levels ,  i t  woul d indee d b e 
easie r  t o describ e th e rout e t o th e tourist .  Th e resident , 
woul d benefi t  fro m th e shortes t  route ,  eve n i f  i t  i s  har d t o 
describ e an d drive .  I n [Lindeval l  an d HOOk 1991 ]  w e in -
vestigat e thi s issu e furthe r  an d als o loo k a t  othe r  use r 
groups ,  a s fo r  instanc e th e commuters . 

5. Conclusions 

We hav e investigate d th e underlyin g principle s o f  residen t 
and touris t  rout e descriptio n don e b y humans ,  bot h i n term s 
of  ho w the y ar e describe d and ,  t o som e extent ,  why .  W e 
hav e als o see n ho w th e actua l  rout e choic e differ s fo r  th e 
tw o groups . 

Furthermor e w e hav e indicate d ho w thes e principle s 
coul d b e implemente d an d use d a s a n interfac e t o a  rout e 
guidanc e system .  W e believ e tha t  th e solutio n w e hav e 
outline d i s goo d fo r  residents ,  bu t  no t  a s goo d fo r  tourists , 
thoug h thi s need s furthe r  inquiries .  W e inten d t o mak e a n 
implementatio n o f  th e ideas ,  an d t o us e a  rea l  worl d map . 
Thi s woul d enabl e u s t o tes t  th e obtaine d rout e description s 
wit h humans . 

I n figure  2  pag e 4 ,  w e hav e summarize d th e touris t  rout e 
descriptio n language .  Ther e ar e som e heuristi c rule s a s t o 
when th e gramma r  rule s com e int o play ,  like ,  fo r  instance , 
when describin g a n intersection ,  th e nam e o f  th e intersec -
tio n i s mos t  important ,  the n type ,  landmark ,  an d siz e an d 
thereafte r  intersectin g roa d an d numbe r  o f  intersections . 

The mixe d descriptio n (a s describe d above )  ca n b e base d 
on th e gramma r  i n figure  2 ,  b y simpl y removin g som e o f 
th e gramma r  rules . 

For  th e residen t  descriptions ,  th e gramma r  rul e fo r  th e 
surfac e languag e i s ver y simple ,  se e figure  3  pag e 5 .  What 
i s interestin g abou t  residen t  description s i s tha t  the y ar e 
ver y short :  th e instruction s ar e no t  adorne d wit h a s muc h 
extr a information ,  an d ar e declarativ e rathe r  tha n procedu -
ral .  Th e othe r  reaso n t o bein g shor t  i s  tha t  road s ar e lef t 
out  i n th e middl e o f  th e trip ,  th e star t  o f  th e trip ,  an d th e 
end o f  th e trip .  Thos e gap s ca n b e expresse d wit h som e 
heuristi c  rules : 
•  Th e first  1  -  3  road s befor e a  roa d o n a  highe r  hierarchi -

cal  level ,  ca n b e remove d fro m th e residen t  description . 
•  I f  th e goa l  i s  o n a  hig h hierarchica l  level ,  th e las t  1  -  3 

road s ca n b e skipped . 
•  I n th e middl e o f  th e trip ,  onl y road s tha t  hel p exclud e 

othe r  alternativ e route s ar e mentioned ,  plu s som e road s 
tha t  make s th e rout e descriptio n 'complete' . 
Ther e ar e als o som e principle s fo r  whe n a  switc h t o 

mixe d description s i s made .  I t  occur s whe n a  'strange ' 
rout e ha s bee n chosen .  Somethin g seem s t o b e a  strang e 
rout e wheneve r  road s o n a  lo w hierarchica l  leve l  ar e cho -
sen,  o r  whe n th e chose n rout e i s muc h longe r  tha n th e "a s 
th e cro w flies "  distance . 

I n term s o f  rout e choices ,  th e underlyin g principle s see m t o 
be that : 

•  Touris t  route s ar e chose n b y subject s fo r  eas e o f  explana -
tion .  A  rout e i s eas y t o explai n whe n i t  i s  o n a  hig h hier -

archica l  level ,  contain s fe w turns ,  an d goe s b y importan t 
landmarks . 

•  Route s ar e constructe d b y tracin g th e rout e backward s 
fro m th e goa l  t o a  poin t  tha t  i s  eas y t o connec t  wit h th e 
startin g point . 
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