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G r a d i n g o n th e Fl y 

Steffen Staab & Udo Hahn 
( 2 3 Computationa l  Linguistic s La b 

Freibur g University ,  Werthmannplat z 1 

D-7908 5 Freiburg .  German y 

URL:  http://www.coling.uni-freiburg.d e 

Abstrac t 

We specify a model for the conceptual interpretation of rela-
tiv e adjective s (lik e "bi g " ) ,  whic h cover s a  crucia l  aspec t  o f 
th e underlyin g comprehensio n proces s -  th e compariso n t o a 
nor m tha t  i s  associate d wit h a  compariso n class .  Buildin g o n 
an elaborat e domai n ontolog y an d knowledg e abou t  intercorre -
lations ,  compariso n classe s ar e dynamicall y create d dependin g 
on th e contex t  i n whic h adjectiva l  utterance s occur . 

Introduction 

The conceptua l  descriptio n o f  relativ e adjectives ^  differ s sig -

nificantl y fro m thos e o f  othe r  wor d classes .  Unlik e concept s 

denote d b y noun s an d verbs ,  suc h degre e expression s hav e n o 

canonical ,  self-containe d concep t  representation .  The y ar e 

rathe r  dependen t  o n a  referenc e poin t  o r  clas s nor m tha t  i s 

associate d wit h a  compariso n class .  Fo r  instance ,  "Peter "  i n 

(lb )  shoul d no t  b e referre d t o a s "tall "  i n a  genera l  sense ,  bu t 

as "fai i  i n compariso n t o th e clas s nor m o f  a  compariso n clas s 

C" ,  wher e C  i s constraine d b y th e contex t  i n whic h "tall " 

occurs .  Thi s become s immediatel y eviden t  i n exampl e (1 ) 

wher e th e contex t  o f  th e utteranc e (la )  cruciall y determine s 

th e vali d compariso n clas s fo r  "tall(Peter,C)" . 

(1 )  a .  Pete r  i s 4  year s old . 

b.  Pete r  i s tall . 

Whil e linguist s (Sapir ,  1944 ;  Klein ,  1980 ;  Bierwisch , 

1989 )  hav e alread y agree d upo n modelin g relativ e adjective s 

lik e "tall "  b y a  binar y predicat e tha t  relate s a  degre e t o a  com -

pariso n clas s (respectively ,  it s clas s norm) ,  man y challengin g 

problem s fro m a  natura l  languag e understandin g perspectiv e 

ar e stil l  lef t  open .  Thes e fal l  int o tw o mai n categories ,  viz . 

representationa l  an d computationa l  issues .  Fro m th e repre -

sentationa l  perspectiv e on e m a y ask : 

•  H o w ar e compariso n classe s represented ? 

•  Wha t  kin d o f  knowledg e i s neede d t o selec t  th e mos t  suit -

abl e compariso n clas s i n a  give n discours e context ? 

"Th e first  autho r  i s no w affiliate d wit h Fraunhofe r  lAO ,  Insti -
tut e fo r  Industria l  Engineering ,  Nobelstr .  12 ,  D-7056 9 Stuttgar t  — 
http://vAiw.swt.iao .  fhg.de . 

'Relativ e adjective s lik e "tall "  o r  "fast "  ar e oppose d t o abso -
lut e adjective s suc h a s "married "  o r  "rectangular" .  Thoug h thi s 
distinctio n ca n b e furthe r  refine d (cf. ,  e.g. ,  Bierwisc h (1989)) ,  th e 
particula r  relevanc e o f  relativ e adjective s i s commonl y agree d upo n 
(Klein ,  1980 ;  Hutchinson ,  1993) . 

Fro m th e computationa l  poin t  o f  vie w on e m a y ask : 

• How are comparison classes actually determined given a 

degre e expression ? 

•  I s ther e a  flexible,  on-the-fl y assembl y proces s fo r  compar -

iso n classe s o r  ar e the y jus t  accesse d fro m a  static ,  precom -

pile d clas s inventory ? 

In order to answer these questions, we introduce a model 

fo r  th e representatio n an d prope r  selectio n o f  compariso n 

classes .  Thes e representationa l  prerequisite s ar e the n use d 

i n a  computationa l  mode l  whic h account s fo r  a  variet y o f  lin -

guisti c phenomena .  W e clai m tha t  thi s join t  mode l  constitute s 

an improvemen t  upo n proposal s whic h canno t  accoun t  fo r  dy -

namicall y create d classes ,  lik e " 4 yea r  ol d boy" .  W e start , 

however ,  wit h th e presentatio n o f  experimentall y grounde d 

cognitiv e evidenc e whic h lay s th e framewor k o n whic h w e 

buil d ou r  mode l  o f  th e comprehensio n o f  degre e expressions . 

A Cognitive Framework for Grading 

Early on it was recognized that the determination of the 

clas s nor m o r  th e respectiv e compariso n class ^  agains t  whic h 

th e grade d propert y o f  th e objec t  i s  compare d i s har d t o 

determin e (cf. ,  e.g. ,  Sapi r  (1944)) .  Th e onl y explici t  pro -

posa l  wit h respec t  t o thi s proble m w e ar e awar e o f  as -

sumes tha t  th e compariso n clas s i s give n b y a  superordi -

nat e clas s o f  th e semanti c subject ^  o f  th e adjective ,  e.g. ,  a 

superordinat e o f  "Peter "  i n exampl e (1 )  (Bierwisch ,  1971 ; 

1989) .  Thoug h thi s proposa l  i s  o n th e righ t  track ,  i t  is ,  nev -

ertheless ,  insufficien t  t o accoun t  fo r  frequentl y occurrin g ex -

pression s whic h refe r  t o u n c o m m o n o r  a d ho c categories . 

Rosc h e t  al .  (1976 )  showe d tha t  peopl e ar e awar e o f  corre -

lationa l  structure s b y whic h attribute s ar e linked .  Also ,  the y 

prefe r  t o us e categorie s tha t  tak e maxima l  advantag e o f  thes e 

linkages .  Fo r  instance ,  "feather "  an d "flying "  ar e strongl y in -

tercorrelate d wit h eac h othe r  an d thes e attributes ,  a s wel l  a s 

thei r  intercorrelations ,  ar e strongl y indicativ e fo r  th e c o m m o n 

^Th e term s clas s nor m an d compariso n class ,  cf .  Bierwisc h 
(1971) ,  ca n b e interchange d wit h referenc e poin t  an d referenc e class , 
respectively ,  a s use d b y Rip s &  Tumbul l  (1980) . 

^Th e semanti c subjec t  o f  a n adjectiv e i s it s hea d nou n i f  i t  i s i n 
atuibutiv e position .  I f  th e adjectiv e i s i n predicativ e position ,  th e 
subjec t  o f  th e predicat e i s th e semanti c subject . 
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categor y "bird" .  I n contrast ,  a d ho c categories,' *  e.g. .  "thing s 

t o tak e fo r  a  campin g trip" ,  ar e define d b y Barsalo u (1983 ) 

as "set s tha t  (1 )  violat e correlationa l  structur e an d (2 )  ar e 

usuall y no t  though t  o f  b y mos t  people" .  H e finds  tha t  a d ho c 

categorie s generat e typicalit y rating s ver y simila r  t o th e wa y 

c o m m on categorie s do .  Thi s i s a n importan t  observatio n fo r 

any mode l  fo r  determinin g compariso n classe s tha t  account s 

fo r  a d ho c categorie s lik e " 4 yea r  ol d boy" .  Onl y th e exis -

tenc e o f  typica l  degree s fo r  a  gradabl e propert y allow s th e 

divisio n o f  suc h a  compariso n clas s int o group s o f  "more" , 

"less "  an d "equal "  wit h regar d t o th e relevan t  grade d property . 

I n contras t  t o c o m m o n categories ,  h e als o finds  tha t  a d ho c 

categorie s lac k an y stron g category-instanc e an d instance -

categor y links. ^  H e suggest s tha t  becaus e a d ho c categorie s 

ar e s o specialized ,  th e perceptio n o f  a n entit y shoul d no t  ac -

tivat e al l  th e a d ho c categorie s t o whic h i t  belongs .  Further -

more ,  h e conclude s tha t  a d ho c categorie s shoul d com e t o 

min d onl y whe n prime d b y curren t  goals .  Considerin g th e 

apparen t  complexit y o f  th e tas k o f  constructin g appropriat e 

compariso n classes ,  thi s raise s th e questio n a s t o w h y peopl e 

ar e stil l  s o versatil e a t  understandin g grade d attribute s eve n 

when the y encounte r  a d ho c categorie s suc h a s " 4 yea r  ol d 

boy "  i n exampl e (1) . 

Startin g fro m Bierwisch' s (1971 )  proposal .  Rip s &  Tlim -

bu U (1980 )  investigat e th e referenc e clas s determinatio n 

problem .  The y le t  subject s verif y sentenc e pair s lik e (2 )  an d 

(3) .  Wherea s reactio n tim e decrease s fro m (2a )  t o (2b) ,  n o 

suc h chang e ca n b e observe d betwee n (3a )  an d (3b) . 

(2 )  a .  A n insec t  i s  small . 

b.  A n insec t  i s  a  smal l  animal . 

(3 )  a .  A n insec t  i s  six-legged . 

b.  A n insec t  i s  a  six-legge d animal . 

Rip s &  Tumbul l  conclud e tha t  th e determinatio n o f  refer -

enc e classes/point s ough t  t o b e considere d a  dynami c process , 

on e tha t  use s informatio n availabl e fro m th e discours e con -

text .  Give n th e asset s fro m Bierwisc h (1971) ,  Rosc h e t  al . 

(1976) ,  an d Barsalo u (1983) ,  ou r  basi c ide a fo r  determin -

in g th e compariso n clas s i s t o us e th e correlationa l  structur e 

betwee n a  gradin g attribut e an d th e propertie s whic h ar e at -

tache d t o th e majo r  category .  W t h regar d t o siz e then ,  th e 

propert y o f  bein g 4  year s ol d ha s a  differen t  knowledg e statu s 

than ,  e.g. ,  th e propert y o f  bein g o f  a  fai r  complexion .  But , 

h o w m u c h correlationa l  structur e i s availabl e t o humans ? 

Kerste n &  Billma n (1992 )  hav e investigate d th e correla -

tiona l  structur e o f  comple x events .  Subject s observe d event s 

i n a n artificia l  worl d rendere d o n a  compute r  screen .  Agents , 

patient s an d th e environmen t  i n thi s scenari o eac h ha d a  se t 

••This notion is extended by Barsalou (1985) toward goal-derived 
categories .  Thi s (roughly )  subsume s tru e a d ho c categorie s a s wel l 
as categorie s whic h onc e hav e bee n a d hoc  bu t  meanwhil e turne d 
int o conventionalize d expressions . 

^Not e tha t  thes e results ,  i n particula r  th e lac k o f  category -
instanc e hnks ,  predic t  tha t  subject s shoul d hav e difficultie s i n de -
terminin g thi s referenc e point ,  thoug h the y shoul d hav e les s prob -
le m wit h categorizin g instance s int o th e "high" ,  "medium" ,  o r  "low " 
grou p fo r  th e relevan t  grade d property . 

of  attribute s whic h correlate d wit h th e displaye d events .  A n 

agent ,  e.g. ,  wit h on e bod y colo r  approachin g th e patien t  mad e 

i t  flee,  anothe r  agen t  triggere d a  colo r  chang e i n th e pa -

tient .  I n fact ,  Kerste n &  Billma n (1992 )  foun d tha t  corre -

lation s betwee n attribute s an d event s wer e learned .  Simu -

lation s wit h richl y intercorrelate d attribute-behavio r  pattern s 

generate d a  rathe r  hig h learnin g accuracy .  Richl y correlate d 

setting s generate d highe r  accurac y rate s tha n lowl y corre -

late d ones .  Hence ,  thes e findings  suppor t  th e availabilit y  o f 

comple x intercorrelation s lik e "a n expensiv e printe r  produce s 

goo d output "  i n richl y intercorrelate d worl d descriptions . 

We m a y n o w summariz e th e cognitiv e framewor k underly -

in g ou r  mode l  o f  determinin g compariso n classes :  Barsalou' s 

conclusio n indicate s tha t  onl y informatio n give n i n th e dis -

cours e contex t  shoul d pla y a  rol e fo r  determinin g referenc e 

classes/points .  Also ,  th e existenc e o f  typicalit y effect s fo r  a d 

hoc categorie s foster s th e assumptio n tha t  referenc e point s d o 

exist/o r  a d ho c categories .  Th e result s fro m Rip s &  Tlirn -

bu U (1980 )  yiel d suppor t  t o a  dynami c referenc e class/poin t 

model .  Finally ,  w e wil l  exploi t  ric h intercorrelatio n knowl -

edg e t o guid e th e computatio n o f  compariso n classes . 

Representation of Comparison Classes 

Our  effort s directe d a t  th e conceptualizatio n o f  degre e expres -

sion s ar e roote d i n a  tex t  understandin g syste m (Hah n e t  al. , 

1996) ,  whic h operate s i n tw o domains ,  viz .  tes t  report s fro m 

informatio n technolog y magazine s an d medica l  finding  re -

ports .  I n eac h domain ,  understandin g th e evaluativ e portion s 

of  th e discours e i s vita l  fo r  adequat e comprehensio n results . 

A typica l  exampl e fro m ou r  I T corpu s i s give n b y (4) . 

(4 )  Th e pictur e ha s goo d qualit y fo r  a  pictur e printe d b y a 

lase r  printer . 

I n thi s example ,  a  relativ e adjectiv e occur s wit h a n explic -

itl y  give n compariso n class .  Hence ,  it s computatio n merel y 

boil s d o w n t o a  parsin g proble m an d th e associate d knowl -

edg e bas e operation s fo r  th e generatio n o f  a  conceptua l  inter -

pretatio n o f  th e utterance .  I n ou r  system ,  th e representatio n o f 

a compariso n clas s i s dynamicall y create d fro m th e utteranc e 

and th e concept s availabl e i n th e knowledg e base . 

Followin g th e terminolog y introduce d b y Bierwisc h (1989 ) 

and Klei n (1980) ,  w e sa y tha t  a  relativ e adjectiv e a  i s re -

late d t o a  clas s norm, ^  whic h i s a  degre e o f  th e sam e typ e 

(e.g. .  Q u a l i t y )  a s th e on e describe d b y th e adjectiv e (e.g. , 

"good") .  Th e clas s nor m belong s t o a  compariso n clas s (e.g. , 

th e se t  o f  picture s printe d b y lase r  printers) ,  whic h i s a  clas s 

C wit h instance s Oj .  I f  th e degre e o f  suc h a n instanc e Oj  o f  C 

i s abov e th e clas s norm ,  on e m a y asser t  tha t  "o, -  i s  a  fo r  C" . 

We us e a  terminologica l  knowledg e representatio n syste m 

(cf .  W o o d s &  Schmolz e (1992 )  fo r  a  survey )  a s a  framewor k 

fo r  th e specificatio n o f  domai n knowledge .  I t  allows ,  e.g. ,  t o 

creat e a  compariso n clas s C o m p - C l a s s -  1  fo r  exampl e (4 ) 

on th e fly.  C o m p - C l a s s -  1  i s define d b y restrictin g th e class . 

Pic ture ,  t o picture s printe d b y a  Laser-Pr in ter ,  whic h i s 

^We abstrac t  her e fro m differen t  grade d propertie s whic h ar e as -
sociate d wit h differen t  clas s norms . 
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a subconcep t  o f  PRINTE R (cf .  Fig .  1 ,  wit h Comp-Class- 1 

= Pictur e n  Vprinted-By.Laser-Printer) .  A s a  nec -

essar y result ,  th e instanc e o f  picture ,  0-1 ,  i s  classifie d no t 

onl y  a s belongin g t o Picture ,  bu t  als o t o Comp-Class -  1 . 

In a  metarelatio n (CLASS-NORM-OF)  th e compariso n clas s i s 

associate d wit h CLASS-NORM-1 whic h i s relate d t o th e qual -

it y Q- 1 o f  th e pictur e O- 1 b y th e relatio n EXCEEDS. 

grap h viewe r 

11,11 
. 0 

QUALITY-

y (COMP-CIA S 5-1 / 

, .  r : 

^ 

u O INTED- B 
PRINTS CLASS-NORM-Or 

(P1 CTURlfr^ ^  jgp.By»^RlNiER>^LASER-P R I  MTERĴ ""«a[HASS-HORM- 1 | 

Figur e 1 :  Representin g C o m p a r i s o n Classe s an d Clas s N o r m s 

Knowledge about Intercorrelations 

I n a  discours e setting ,  variou s linguisti c expression s ca n b e 

forme d t o associat e a n adjectiv e wit h a  compariso n class . 

(5 )  Pau l  i s 4  year s old .  H e i s tall . 

(6 )  Pau l  celebrate d hi s 4t h birthda y yesterday .  H e i s tall . 

(7 )  Pau l  i s tal l  fo r  a  4  yea r  ol d boy . 

Thes e example s indicat e tha t  purel y linguisti c criteria ,  e.g. , 

Bierwisch' s proposa l  mentione d earlier ,  ar e insufficien t  t o re -

stric t  th e compariso n clas s o f  a n adjective .  Computation s 

tha t  rel y onl y o n stati c knowledg e structure s fai l  t o deter -

min e th e prope r  interpretations ,  too .  A s a n alternative ,  w e us e 

(metajbiowledg e abou t  intercorrelation s tha t  describe s h o w 

a clas s subhierarch y m a y influenc e th e relation s o f  clas s nor m 

instance s o n a  scal e o r  h o w tw o degree s o f  a  give n concep t 

ar e correlated .  A s a n example ,  conside r  th e sentence s (8 )  an d 

(9) .  I n bot h o f  thes e th e compariso n classe s ar e state d explic -

itly ,  and ,  thus ,  the y elucidat e th e distinctio n betwee n a  prope r 

compariso n clas s restrictio n an d a n imprope r  one : 

(8 )  Pete r  i s tal l  fo r  a  gymnast . 

(9 )  ?  Pete r  i s tal l  fo r  a  flute  player . 

The intercorrelatio n betwee n "hasHeight "  an d "practices -

Gymnastics "  describe s gymnast s t o b e usuall y smalle r  tha n 

averag e people .  So ,  bein g tal l  fo r  a  gymnas t  doe s no t  nec -

essaril y  impl y bein g tal l  fo r  th e compariso n clas s o f  al l  peo -

ple .  I t  i s  exactl y th e absenc e o f  correspondin g intercorrela -

tion s betwee n "hasHeight "  an d "playsFlute "  tha t  render s th e 

restrictio n o f  th e compariso n clas s t o flute  player s awkward . 

Severa l  importan t  aspect s o f  intercorrelation s shoul d b e 

note d here .  First ,  knowledg e abou t  intercorrelation s i s par t 

of  humans '  common-sens e knowledg e (Mal t  &  Smith ,  1984 ; 

McRae,  1992) .  Second ,  thes e intercorrelation s nee d no t  b e 

symmetrical. ^  Third ,  i t  nee d no t  b e th e case ,  o f  course ,  tha t 

al l  possibl e intercorrelation s on e m a y conceiv e o f  ar e als o en -
code d b y peopl e -  onl y th e particularl y salien t  one s ar e avail -

abl e (cf .  Mal t  &  Smit h (1984) ,  p .  264) .  Thi s i s no t  a n argu -

ment  against ,  bu t  rathe r  on e i n favo r  o f  ou r  proposal ,  sinc e 

i t  conform s wit h observation s w e m a d e abou t  th e formatio n 

of  compariso n classe s fo r  utterance s fro m ou r  tex t  corpus . 

Finally ,  i t  i s  no t  necessar y tha t  knowledg e abou t  intercorre -

lation s b e overi y fine-grained.  Th e nee d fo r  constructin g a 

conceptuall y mor e specifi c  compariso n clas s arise s onl y du e 

t o th e strengt h o f  th e intercorrelation. *  A s a  consequence ,  th e 

specificatio n o f  intercorrelation s and ,  thus ,  th e constructio n 

of  ne w compariso n classe s ar e subjec t  t o a  principl e o f  par -

simony ,  sinc e onl y th e mos t  relevan t  intercorrelation s hav e 

t o b e accounte d for .  O n e coul d thin k o f  mean s t o provid e 

a strengt h indicato r  i n th e representatio n o f  intercorrelations . 

For  reason s o f  simplicity ,  w e limite d ou r  approac h suc h tha t 

an intercorrelatio n i s eithe r  represente d o r  i t  i s not . 

I n orde r  t o exploi t  knowledg e abou t  intercorrelations ,  w e 

first  specif y wha t  the y describ e an d h o w the y ar e represented . 

Th e intercorrelation s w e conside r  characteriz e loca l  restric -

tio n classe s whic h wil l  late r  b e gathere d t o defin e th e compar -

iso n class .  W e categoriz e intercorrelation s alon g tw o dimen -

sions .  Considerin g th e symboli c representatio n layer ,  on e i s 

th e lengt h o f  th e intercorrelatio n structure .  Thi s roughl y cor -

respond s t o th e distinctio n betwee n intercorrelation s withi n 

objec t  categorie s an d acros s even t  structure s a s m a d e b y Ker -

ste n &  Billma n (1992) .  Th e othe r  dimensio n i s give n b y th e 

typ e o f  th e propert y (whethe r  i t  i s gradabl e o r  not )  tha t  corre -

late s wit h th e degre e tha t  i s interpreted . 

Sentenc e (10 )  illustrate s a  simpl e cas e o f  a  degree -

hierarch y intercorrelatio n (relevan t  compariso n classe s ar e 

underlined :  fo r  a  descriptio n o f  th e relevan t  relation s i n th e 

knowledg e base ,  cf .  Fig .  2) .  I n thi s example ,  th e relevan t 

compariso n clas s (Laser -Pr iNTER )  i s th e concep t  NOISE -

L e v e l  i s  directl y associate d with .  Therefore ,  th e pat h fro m 

th e relevan t  degre e N O I S E - L E V E L t o th e relevan t  restric -

tio n clas s Lase r -P r INTE R ha s th e uni t  lengt h 1  (inheri -

tanc e link s ar e no t  counted) .  Exampl e (11 )  refer s t o th e sam e 

typ e o f  intercorrelation ,  bu t  i t  take s effec t  acros s th e relatio n 

PRINTS whic h represent s printin g event s i n ou r  knowledg e 

"̂  Common-sens e knowledg e tell s  u s tha t  thoug h gymnast s ten d t o 
be smalle r  tha n averag e people ,  smal l  peopl e d o no t  ten d t o d o gym -
nastic s ver y much .  Assum e tha t  a  populatio n consist s o f  5 0 % smal l 
and 5 0 % tal l  people ,  respectively ,  1 % bein g gymnasts ,  an d 9 0 % o f 
th e gymnast s bein g small .  The n th e probabilit y  tha t  a  gymnas t  i s a 
smal l  perso n i s  9 0 % .  However ,  th e probabilit y  tha t  a  smal l  perso n i s 
a gymnas t  i s onl y 1.8% .  Thus ,  restrictin g a  compariso n clas s fro m 
al l  peopl e t o gymnasts ,  i n fact ,  decrease s th e clas s nor m fo r  heigh t 
considerably ,  whil e th e revers e i s no t  true . 

*Fo r  instance ,  fo r  " a smal l  gymnast" ,  i t  i s  necessar y t o defin e 
th e compariso n clas s G y m n a s t  (a s oppose d t o th e mor e genera l 
clas s H u m a n )  i n orde r  t o assur e tha t  prope r  assessment s abou t  th e 
propert y Heigh t  ca n b e derived .  Fo r  " a smal l  iceskater" ,  however , 
th e constructio n o f  a  correspondin g compariso n clas s Iceskate r 
coul d possibl y b e justified ,  bu t  i s no t  necessar y a t  all .  Thi s i s du e t o 
th e fac t  tha t  iceskater s ca n stil l  b e compare d relativ e t o th e genera l 
clas s o f  human s wit h respec t  t o thei r  height ,  eve n thoug h a  wea k 
intercorrelatio n migh t  hol d betwee n HEIGH T an d Iceskaters ,  viz . 
a preferenc e fo r  bein g small .  Thi s cas e o f  a  wea k correlatio n ca n 
furthe r  b e distinguishe d fro m on e i n whic h actuall y n o intercorrela -
tio n seem s reasonabl e a s i n th e cas e o f  Sprinters ,  whos e averag e 
height s d o no t  see m t o diffe r  fro m thos e o f  othe r  persons . 
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base .  Thus ,  i t  differ s i n th e lengt h o f  th e distanc e (tw o re -
lation s hav e t o b e passed )  tha t  lie s betwee n on e o f  th e rel -
evan t  restrictions ,  300dpi-Laser-Printer .  an d th e degre e 
Q u a l i t y  (o f  picture) .  Finally ,  (12 )  show s a n exampl e wher e 
th e intercorrelatio n differ s wit h regar d t o th e type s tha t  ar e 
engaged ,  viz .  i n conUas t  t o (10 )  an d (11 )  a n intercorrelatio n 
betwee n tw o degree s hold s here . 

(10 )  Degree-hierarch y intercorrelatio n (wit h distanc e I ) : 

T h e nois e leve l  o f  th e 300dp i  lase r  printe r  X l l  i s  h ig h 

fo r  a  lase r  printer . 

(11 )  Degree-hierarch y intercorrelatio n (wit h distanc e 2 ) : 

T h e pictur e o f  th e X l l  ha s a  g o o d qualit y fo r  th e 

pictur e o f  a  300dp i  lase r  printer . 

(12 )  Degree-degre e intercorrelatio n (wit h distanc e 2 ) : 

T h e X l l  offer s ver y g o o d qualit y fo r  a 

lase r  printe r  tha t  cost s $ 8 0 0 . 
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I n o rde r  t o represen t  th e a b o v e - m e n t i o n e d intercorrela -

tions ,  k n o w l e d g e i s m a d e availabl e abou t  w h i c h relation s li e 

b e t w e e n th e restrictin g hierarch y a n d th e correlate d degree . 

F o r  instance ,  th e representatio n o f  th e intercorrelatio n appear -

in g i n (11 )  i s  depicte d i n Fig .  3 : 

grap h viewe r 
T(H-iMrrFjxi j  O  .„amLin- v 

L- i  D  acALin r 
_^  R  TOP 

, 0 -.JRIHTID-ETh. ^ REL-2 D  PlCTORr 
R PRIHTI R 

HAS-POS-CLASS 

HAS-MC-CIASS 

lASTR-PRlNTI R 

'iNSJII-PRlMTttJ N 
t(600DPI-UStR-PRlNTtl ^ 

IT-WTRlX-PRlHTEl j 
-J(300DPI-LAStR-PRIIITE ^ 

p: 

Figur e 3 :  T h e Intercorrelatio n K n o w l e d g e N e e d e d fo r  (11) . 

Th e relation s QUALITY-O f  an d PRINTED-B y connec t  th e 
relevan t  degree ,  Q U A L I T Y ,  wit h th e subhierarch y wit h whic h 
i t  correlates ,  viz .  th e hierarch y belo w Printer^ .  Thi s con -
nectio n i s reflecte d b y QUALITY-O f  havin g th e domai n (D: ) 
Qua l i t y ,  b y pr in ted-B y havin g th e rang e (R: )  PRINTER , 
and b y bot h bein g associate d t o th e hierarchy-degre e inter -
correlatio n I- 1 throughth e serie s o f  relations :  rel-I ,  REL-2 . 
Moreover ,  i t  mus t  b e know n whic h c o m m o n subclasse s o f 
Pr in te r  hav e a  nor m attache d fo r  Noise-Level ,  whic h i s 

*We abstrac t  her e fro m th e consideratio n o f  multi-hierarchies . 
Furthermore ,  fo r  eac h relatio n (e.g. ,  HAS-QUALITY ,  PRINTS )  w e 
alway s assum e th e existenc e o f  it s inverse ,  whic h i s the n referre d t o 
by a n intuitivel y plausibl e nam e (e.g. ,  QUALITY-Of ,  printed-By) . 

eithe r  belo w o r  abov e th e clas s nor m associate d wit h thei r  di -
rec t  superclass .  I n ou r  example ,  Laser-Printer ,  Inkjet -
Printe r  an d 600dpi-Laser-PR!NTE R belon g t o th e se t  o f 
classe s tha t  ar e associate d wit h clas s norm s abov e tha t  o f 
thei r  superclass ,  whil e Dot -Mat r ix -Pr in te r  an d 300dpi -
Laser-Pr inte r  relat e t o correspondin g lowe r  clas s norms . 
They ar e therefor e marke d a s belongin g t o th e Pos-Clas s 
set  an d t o th e N e g - C l a s s se t  o f  I-1 ,  respectively . 

Computation of Comparison Classes 

Ofte n relativ e adjective s refe r  t o compariso n classe s tha t  ar e 
onl y implicitl y  availabl e (cf .  (5 )  an d (6)) .  TTiei r  recogni -
tio n canno t  b e considere d th e tas k o f  th e parsin g mechanis m 
proper ,  bu t  rathe r  constitute s a  tas k o n it s own .  Accordingly , 
we illustrat e her e suc h a n algorith m tha t  compute s implici t 
compariso n classe s b y makin g us e o f  semanti c relations ,  o f 
th e knowledg e abou t  intercorrelations ,  o f  text-specifi c  an d 
worl d knowledge ,  an d o f  th e representatio n mechanis m fo r 
compariso n classes .  A s a  startin g condition ,  w e presum e th e 
completio n o f  anaphor a resolution ,  ver b interpretatio n an d 
th e interpretatio n o f  prepositiona l  phrases . 

The basi c ide a o f  th e algorith m fo r  computin g implici t 
compariso n classe s i s expresse d i n Fig .  4  (fo r  a  mor e tech -
nica l  presentation ,  cf .  Staa b &  Hah n (1997)) :  A  positiv e ad -
jectiv e a  denote s a  degre e d  i n th e curren t  tex t  fragment .  Thi s 
deg re e d  i s relate d t o a n objec t  O i ,  w h i c h itsel f  i s  relate d t o an -

othe r  objec t  Op .  O f  course ,  ther e m i g h t  b e n o objec t  o r  severa l 

object s relate d t o o i ,  a n d O p itsel f  m i g h t  h a v e othe r  relations . 

E a c h objec t  O j  ha s a  m o s t  specifi c  typ e C,-,i . 

Cp,k{p )  =  R C p 

k 

^  H 
Op 

KKp 

asRe 

Ci,„(i ) 

A 
1̂,̂ (1 )  =  RCi 

Degre e 
A 

A 
Ci, i  DEGTYPEj 

-p ' '  degreeOf ,  V 
-• ^  0 ]  '• d 

Figur e 4 :  Knowledg e Structure s fo r  Compariso n Classe s 

The goa l  o f  th e algorith m i s t o selec t  al l  object s o ,  tha t 
ar e relevan t  fo r  th e computatio n o f  th e correc t  compariso n 
class .  Furthermore ,  fo r  eac h objec t  o ,  i t  mus t  selec t  it s cor -
rec t  intermediat e superconcep t  C,-,fc(,) ,  whic h neithe r  restrict s 
th e compariso n clas s to o narrowl y (a s C, i  migh t  do )  no r  to o 
widel y (a s Cj,„(i )  migh t  do ,  sinc e i t  yield s n o restrictio n a t 
all) .  Thi s goa l  i s  achieve d b y matchin g th e availabl e knowl -
edg e o n intercorrelation s agains t  th e semanti c structure s o f 
th e curren t  tex t  fragment .  Finally ,  a  compariso n clas s i s (re -
cursively )  compute d b y combinin g al l  th e gathere d restric -
tions .  I n Fig .  4  thi s mean s tha t  th e ne w compariso n clas s i s 
define d b y restrictin g R C i  t o a  ne w clas s wher e th e rol e R R p 
i s restricte d t o th e rang e RCp .  W e illustrat e th e compariso n 
clas s determinatio n b y considerin g exampl e (13) : 
(13 )  Th e pictur e wit h th e giraff e wa s printe d b y th e fas t  lase r 

printe r  X I1 .  I t  show s goo d quality . 
The informatio n conveye d b y thi s fragmen t  i s depicte d i n 

Fig .  5 .  W e mus t  no w find  th e prope r  compariso n clas s fo r  th e 
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Figur e 5 :  Inpu t  fo r  E x a m p l e Tex t 

grade d propert y " g o o d quality" .  P I C T U R E 0- 1 itsel f  i s  no t  i n 
a particula r  hierarch y tha t  correlate s wit h Q U A L I T Y Q - 1 ,  bu t 
sinc e Q U A L I T Y i s mode le d a t  th e leve l  o f  P I C T U R E ,  th e latte r 
i s chose n a s th e first  restrictio n clas s from  whic h th e compar -
iso n clas s i s computed .  P I C T U R E O - 1 i s furthermor e relate d 
t o Giraff e 0- 2 an d t o Printe r  X I1 .  Th e forme r  ha s n o 
correlatio n whatsoeve r  wit h th e qualit y o f  th e pictur e — un -
les s knowledg e abou t  suc h a  correlatio n ha s bee n introduce d 
i n th e precedin g discourse .  Give n tha t  n o suc h correlatio n 
i s available ,  ther e i s n o reaso n t o conside r  GIRAFF E fo r  th e 
computatio n o f  th e compariso n class .  Th e objec t  X l l ,  how -
ever ,  show s a n intercorrelatio n wit h th e qualit y  o f  th e picture , 
becaus e lase r  printer s ten d t o produc e bette r  outpu t  tha n gen -
era l  printers ,  whic h includ e th e clas s o f  do t  matri x printer s 
(cf .  Fig .  3) .  A t  thi s poin t  ou r  algorith m alway s proceed s wit h 
th e mos t  specifi c  concep t  fo r  whic h suc h a n intercorrelatio n 
i s found .  Unde r  thi s heuristic ,  Laser-Printe r  i s activate d 
here ,  thoug h i n genera l  Printe r  migh t  als o b e a  reasonabl e 
alternative . 

The algorith m proceed s recursivel y here ,  meanin g tha t 
i t  consider s th e object s relate d t o Xl l .  On e coul d possi -
bl y imagin e tha t  th e Printing-Velocit y correlate s wit h 
th e qualit y o f  th e picture ,  sinc e hig h velocit y printer s ten d 
t o b e mor e expensiv e an d mor e expensiv e printer s ten d t o 
produc e highe r  quality .  A n exper t  i n th e field  o f  printer s 
coul d perhap s produc e suc h a  readin g whic h differ s fro m 
tha t  o f  a  novice .  However ,  sinc e th e intercorrelatio n betwee n 
Printing-Velocit y an d Qua l i t y  i s weak ,  i f  ther e i s on e 
at  all ,  includin g o r  disregardin g i t  wil l  hardl y affec t  th e loca -
tio n o f  th e clas s nor m t o whic h "goo d quality "  i s compared . 
Here ,  fo r  ou r  system ,  w e decide d tha t  i t  wa s to o wea k t o b e 
included .  Hence ,  w e ignor e th e velocit y propert y fo r  Xl l 
and en d u p wit h th e restrictio n classe s PICTUR E an d Laser -
Printe r  whic h ar e compose d t o Comp-Class-1 ,  pictur e 
printe d b y a  lase r  printer ,  a s show n i n th e sectio n o n explici t 
compariso n classes .  Fig .  1  depict s th e correspondin g rela -
tion s compute d b y ou r  algorith m fo r  exampl e (13) . 

Empirical Data 

I n a  preliminar y empirica l  evaluatio n stud y w e compare d ou r 
algorith m (henceforth ,  c3 )  agains t  tw o simpler ,  mor e naiv e 
approaches .  Th e first  o f  these ,  nl ,  constantl y use s th e mos t 
specifi c  concep t  th e semanti c subjec t  has .  Th e secon d one , 
n2,  doe s no t  selec t  thi s mos t  specifi c  concept ,  bu t  it s immedi -

at e superconcep t  instead .  Bot h approache s constitut e some -
what  o f  a  lowe r  botto m lin e t o ou r  approach ,  sinc e i t  ca n re -
ver t  t o on e o f  thes e simple r  approache s i f  i t  i s unabl e t o iden -
tif y mor e selectiv e restrictions . 

We chos e a  tex t  whic h containe d 22 6 sentence s wit h abou t 
4,30 0 words .  12 1 positiv e gradabl e adjective s wer e screened , 
fo r  whic h a  reasonabl e semanti c representatio n coul d b e de -
termine d i n 7 2 case s -  an d onl y thes e wer e evaluated .  Th e 
remainin g 4 9 occurrence s grade d idiomati c expressions ,  con -
cept s tha t  ar e har d t o mode l  (e.g. ,  " a goo d idea") ,  o r  entaile d 
othe r  problem s tha t  wer e no t  directl y relate d t o finding  th e 
correc t  compariso n classes .  Unde r  th e assumptio n o f  com -
plet e knowledge ,  c 3 achieve d a  hig h succes s rat e (6 0 case s 
(83% )  wer e correctl y  analyzed) ,  n l  an d n 2 performe d muc h 
worse ,  a s the y wer e onl y abl e t o properl y determin e 2 0 an d 
15 vali d compariso n classe s ( 2 8 % vs .  2 1 % ) ,  respectively . 

nl  an d n 2 ar e equivalen t  t o th e procedure s Bierwisc h 
(1989 )  suggest s fo r  adjective s relate d wit h generi c an d non -
generi c nouns ,  respectivel y (e.g. ,  i n "tower s ar e high "  th e re -
late d nou n "tower s  "  i s generic ,  whil e i n "thi s towe r  i s hig h ' 
i t  i s  not) .  A n oracl e tha t  tell s  whethe r  a n adjectiv e i s relate d 
t o a  generi c objec t  and ,  dependin g o n th e result ,  change s th e 
strateg y from  n l  t o n 2 w o u l d rende r  a  m e c h a n i s m clos e t o 
th e on e Bierwisc h proposes .  H o w e v e r ,  i t  w o u l d no t  ad d m u c h 
benefit .  Sinc e non e o f  th e 7 2 considere d adjective s ar e relate d 
t o generi c nouns ,  th e positiv e case s o f  n 2 ar e no t  d u e t o an y 
generi c  use .  O u r  result s ar e stil l  interesting ,  eve n thoug h w e 
restricte d ou r  approac h t o distance- 1 an d distance- 2 interre -
lation s t o kee p th e modell in g prob le m manageable . 

Related Work 

Thoug h th e notio n o f  compariso n clas s ha s bee n aroun d fo r 
quit e a  lon g tim e amon g linguist s (Sapir ,  1944 ;  Klein ,  1980 ; 
Sinmions ,  1993) ,  n o comprehensiv e theor y o f  compariso n 
clas s formatio n ha s bee n shape d tha t  account s fo r  a d ho c cat -
egorie s an d properl y incorporate s contex t  information .  W e 
buil d ou r  mode l  fo r  determinin g compariso n classe s o n con -
sideration s b y Bierwisc h (1971 ,  1989 )  an d findings  b y Rosc h 
et  al .  (1976) ,  Rip s &  Turnbul l  (1980) ,  Barsalo u (1983,1985) , 
and Kerste n &  Billma n (1992) .  I n particular ,  w e exten d Bier -
wisch' s (1971 )  approac h t o cove r  a d ho c categories .  Rip s & 
Tumbull' s  (1980 )  findings  suppor t  ou r  mode l  i n tha t  the y fa -
vor  a  dynami c proces s withou t  excludin g rich  domai n knowl -
edg e tha t  guide s th e understandin g process .  Moreover ,  Barsa -
lou' s (1983 )  result s suppor t  th e existenc e o f  referenc e point s 
als o fo r  comple x categorie s lik e "qualit y o f  a  pictur e printe d 
by a  lase r  printer" . 

Furthe r  supportin g evidenc e fo r  ou r  proposa l  i s  availabl e 
fro m researc h tha t  doe s no t  directl y addres s th e compar -
iso n clas s formatio n problem ,  bu t  whic h i s base d o n ex -
periment s tha t  indicat e tha t  majo r  assumption s underlyin g 
our  approac h ca n b e trace d i n empirica l  findings.  First , 
distanc e an d contiguit y effect s tha t  ar e observe d i n com -
parativ e judgment s sugges t  tha t  peopl e categoriz e dynami -
call y fo r  gradin g processe s (Sailo r  &  Shoben ,  1993 ;  Cec h 
et  al. ,  1990) .  Second ,  severa l  source s (e.g. ,  M c R a e (1992) , 
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Sailo r  &  Shobe n (1993) )  maintai n th e assumptio n tha t  peopl e 

encod e knowledg e abou t  intercorrelations ,  whic h lie s a t  th e 

hear t  o f  th e propose d mechanism ,  an d us e thi s informatio n 

fo r  categorizatio n processes .  I n particular ,  Kerste n &  Billma n 

(1992 )  repor t  tha t  intercorrelation s ar e no t  restricte d t o simpl e 

objec t  categories ,  bu t  ar e als o learne d fo r  comple x dependen -

cies ,  e.g. ,  a  mor e expensiv e printe r  produce s bette r  output . 

Thi s hold s especiall y i n richl y intercorrelate d setting s suc h a s 

th e conunonsens e world . 

Th e importanc e o f  compariso n classe s fo r  th e semantic s 

of  relativ e adjective s ha s ofte n bee n underestimated .  M u c h 

previou s wor k o n th e representatio n o f  degree s completel y 

abstract s fro m th e proble m o f  compariso n clas s determina -

tion .  Simmons '  interva l  approac h (1993 )  use s clas s norm s t o 

denot e th e meanin g o f  relativ e adjectives ,  bu t  disregard s th e 

compariso n clas s formatio n problem .  Othe r  computationa l 

accounts ,  e.g. ,  Raski n &  Nirenbur g (1996) ,  Zade h (1978) ,  ne -

glec t  th e effect s a  compariso n clas s ha s a t  all . 

Hutchinso n (1993 )  show s i n detai l  tha t  compariso n classe s 

ar e no t  a n inherentl y semanti c feature ,  bu t  rathe r  dependen t 

on languag e use .  H e als o give s example s tha t  g o wa y be -

yon d th e capabilitie s o f  ou r  compariso n clas s determinatio n 

method .  Exampl e (14 )  coul d plausibl y mea n tha t  Chomsk y i s 

famou s fo r  a  linguist ,  fo r  a  scholar ,  o r  eve n fo r  a n American . 

(14 )  Chomsk y i s a  famou s linguist . 

Thoug h w e canno t  cop e wit h al l  th e challenge s Hutchinso n 

(1993 )  put s forth ,  ou r  proposa l  improve s th e existin g mode l  i n 

a wa y tha t  make s i t  interestin g fo r  tex t  understandin g systems . 

Finally ,  on e shoul d not e tha t  referenc e point s affec t  com -

parativ e judgements ,  i n general .  Holyoa k &  M a h (1982 ) 

observe d tha t  explici t  referenc e point s strongl y increas e dis -

criminabilit y  i n thei r  vicinity .  However ,  fo r  implici t  referenc e 

point s the y coul d produc e onl y inconclusiv e evidence . 

Conclusion 

Onl y littl e evidenc e ha s bee n collecte d s o fa r  concernin g th e 

conceptualization s underlyin g adjectiva l  expressions ,  relativ e 

adjective s i n particula r  — th e thir d majo r  wor d clas s o f  West -

e m languages .  W e hav e introduce d a  mode l  o f  adjectiv e inter -

pretatio n tha t  account s fo r  som e o f  th e intriguin g complexi -

tie s o f  relatin g degre e expression s t o a  prope r  conceptua l  rep -

resentation .  A t  th e cente r  o f  th e mode l  li e compariso n classe s 

and thei r  associate d clas s norm s t o whic h degre e expression s 

ar e related .  Thi s i s no t  a  stati c linkage .  Rather ,  contextua l 

informatio n togethe r  wit h knowledg e abou t  correlation s con -

trol s th e proces s o f  selectin g th e appropriat e compariso n clas s 

on th e fly.  W e exten d Bierwisch' s (1989 )  approac h thereby , 

and includ e a d ho c categorie s int o ou r  model . 

Still ,  som e desiderat a remai n unsolved :  A  mor e compre -

hensiv e model ,  e.g ,  woul d hav e t o tak e int o accoun t  share d 

belief s betwee n participant s i n th e discourse ,  sinc e thes e m a y 

substantiall y  influenc e th e compariso n clas s formatio n pro -

cess .  Also ,  granularit y effect s i n th e knowledg e bas e ar e no -

toriousl y difficult ,  bu t  shoul d b e solvabl e alon g th e line s o f 

path-lengt h neutra l  computation s fo r  textua l  ellipsi s resolu -

tio n a s discusse d b y Marker t  e t  al .  (1996) . 
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