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Po lysem y i n Conceptua l  Combinat ion : 

Testin g th e Constrain t  Theor y o f  Comb ina t i o n 

Fintan Costellu & Mark T. Keane 

Dept. of Computer Science, 

Universit y o f  Dublin ,  Trinit y College , 

Dubli n 2 ,  I R E L A N D 

f i n t a n . c o s t e l l o ,  m a r k . k e a n e O c s . t e d . i e 

Abstrac t 

Most novel noun-noun combinations are polysemous in that 
the y ten d t o sugges t  severa l  possibl e meanings ,  k  finge r  cu p 
can b e a  cu p i n whic h fingers  ar e washed ,  a  cu p shape d lik e a 
finger,  a  narro w cu p an d s o on .  I n thi s paper ,  w e presen t  a 
new theor y o f  concep t  combination ,  th e constrain t  theory ,  tha t 
account s fo r  th e polysem y o f  noun-nou n combinations . 
Constrain t  theory ,  whic h use s thre e constraint s (o f  inclusion , 
plausibilit y an d informativeness )  actin g ove r  a  unitar y 
mechanis m tha t  generate s candidat e interpretations ,  make s 
certai n prediction s abou t  th e polysem y o f  differen t 
combinations .  I n particular ,  i t  predict s tha t  combination s 
involvin g artifac t  term s shoul d b e mor e polysemou s tha n 
thos e involvin g natura l  kind s becaus e th e forme r  hav e 
functiona l  model s tha t  promot e multipl e interpretations .  I n a 
singl e experiment ,  thi s predictio n i s confirme d alon g wit h 
othe r  prediction s abou t  th e type s o f  interpretatio n tha t  ten d t o 
be produced . 

In t roduct io n 

Research on concept combination lies at the heart of our 
understandin g o f  natura l  languag e an d concept s (se e 
Gleitma n &  Gleitman ,  1970 ;  Murph y &  Medin ,  1985 ; 
Osherso n &  Smith ,  1981) .  Mos t  previou s researc h ha s 
concentrate d o n h o w peopl e arriv e a t  a  singl e interpretatio n 
fo r  a  modifier-hea d combinatio n lik e ca r  repai r  o r  plasti c 
dog (se e Murphy ,  1988 ,  1990 ;  Wisniewski ,  1995 ;  bu t  se e 
Kay &  Z immer ,  1976) .  Thi s researc h ha s tende d t o 
underpla y th e creativit y an d inventivenes s o f  conceptua l 
combination .  Fo r  concep t  combinatio n ca n b e viewed ,  lik e 
analogy ,  a s a  metho d fo r  creatin g ne w knowledg e fro m 
previou s experienc e (se e e.g. ,  Keane ,  i n press ;  Keane , 
Ledgewa y &  Duff ,  1994) .  Takin g thi s perspective ,  w e loo k 
at  th e polysem y o f  conceptua l  combination ,  a t  th e multipl e 
interpretation s a n individua l  ca n produc e t o a  singl e nove l 
noun-nou n combinatio n ̂ 

'  W e assum e tha t  ambiguou s word s i n combinatio n wil l  affec t 
polysem y (e.g. ,  ba t  ball) ;  so ,  ou r  concer n i s  wit h ho w th e 
conceptua l  representatio n o f  tw o normall y unambiguou s word s 
affect s polysem y (i n Wisniewsk i  &  Centner's ,  1991 ,  term s w e 
examin e th e relationa l  ambiguit y no t  lexica l  ambiguit y o f 
combinations) . 

Tabl e 1 :  Interpretation s fo r  be d penci l 

(I) a pencil that you put beside your bed for 
writin g som e message s 

(2 )  a  penci l  use d t o dra w pattern s o n bed -
clothe s 

(3 )  a  be d mad e ou t  o f  pencil s 
(4 )  a  penci l  shape d lik e a  be d 
(5 )  a  thi n be d 
(6 )  a  big ,  fla t  penci l  tha t  i s a  be d fo r  a  dol l 
(7 )  a  penci l  cas e 

So,  typically ,  w e presen t  subject s wit h nove l  noun-nou n 
concep t  combination s an d not e th e frequenc y an d variet y o f 
interpretation s the y produc e t o eac h combination .  Tabl e 1 
shows jus t  som e o f  th e interpretation s produce d t o th e nove l 
combinatio n be d pencil . 

The presen t  researc h i s motivate d b y severa l  aims .  First , 
t o examin e severa l  little-investigate d factor s tha t  affec t 
polysemy .  Second ,  t o determin e whethe r  th e result s fro m 
single-interpretatio n paradigm s exten d t o thi s multiple -
interpretatio n one .  Third ,  t o lear n abou t  th e structur e o f  ou r 
conceptua l  systems .  Fourth ,  t o determin e th e baselin e 
ambiguit y i n combination s tha t  i s resolve d b y contex t  (se e 
e.g. .  Murphy ,  1990) .  I n th e followin g sections ,  w e revie w 
some o f  th e empirica l  an d theoretica l  wor k i n thi s are a 
befor e presentin g a  ne w theor y o f  combinatio n an d a  tes t  o f 
thi s theory . 

Some Empirical Findings in Concept Combination 

Single-interpretation research has established several 
regularitie s abou t  th e conten t  o f  interpretation s (se e e.g. , 
Hampton ,  1987 ;  Murphy ,  1988 ;  Smith ,  Osherson ,  Rip s & 
Keane ,  1988 ;  Wisniewsk i  &  Centner ,  1991) .  Thre e mai n 
categorie s o f  interpretatio n hav e bee n studie d (typica l 
percentage s base d o n single-interpretatio n studie s b y 
Wisniewsk i  an d colleague s ar e indicated) : 

• Relational interpretations (30%-50%) establish some 
relationshi p betwee n th e modifie r  concep t  an d th e hea d 
concep t  (e.g. ,  1 ,  2  an d 3  i n Tabl e 1 ) 
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•  Property-mappin g interpretation s (30%-50% )  asser t  a 
proper( y o t  on e concep t  a s tru e o f  th e othe r  concep t  (e.g. , 
4 an d 5  i n Tabl e 1 ) 

• Hybrid interpretations (0-10%) which are both the 
modifier-concep t  an d th e head-concep t  (e.g. ,  " a colorfu l 
fis h tha t  i s kep t  a s a  pet "  fo r  pe t  fish.;  closes t  exampl e i n 
Tabl e 1  i s 6 ) 

To these we add a fourth category that has not been 
closel y examine d before : 

• Known-concept interpretations (?%) where the 
interpretatio n i s a  know n concep t  (e.g. ,  7  i n Tabl e 1 ) 

The second main empirical regularity is that the referent 
of  th e interpretatio n (wha t  i t  i s  about )  i s  typicall y th e 2n d 
nou n o r  linguistic-hea d o f  th e combination ,  followin g th e 
pragmatic s o f  Englis h noun-nou n phrase s (Gleitma n & 
Gleitman ,  1970 ;  e.g. ,  se e 1 ,  2 ,  4  an d 6  i n Tabl e 1) . 
However ,  i n som e cases ,  reversal s occu r  i n whic h th e 1s t 
nou n o r  linguistic-modifie r  i s  th e referen t  (e.g. ,  3  an d 5  i n 
Tabl e 1) .  Wisniewsk i  an d Gentne r  (1991 )  foun d suc h 
reversal s i n substance-coun t  phase s (e.g. ,  a  plasti c do g i s a 
piec e o f  plasti c shape d lik e a  dog) .  Finally ,  som e 
interpretation s (terme d exocentri c i n linguistics ;  Cannon , 
1987 )  ca n hav e a s referen t  a  concep t  othe r  tha n thos e 
mentione d i n th e combinatio n (e.g. ,  7  i n Tabl e 1) .  I t 
remain s t o b e see n whethe r  thes e empirica l  regularitie s hol d 
when w e conside r  th e multipl e interpretation s produce d b y a 
singl e individua l  t o a  give n combination . 

Some Theories of Combination 

T wo mai n theorie s hav e concerne d themselve s wit h th e 
abov e empirica l  regularities ;  concept-specialisatio n theor y 
(e.g. ,  Cohe n &  Murphy ,  1984 ;  Murphy ,  1988 )  an d 
alignmen t  theor y (e.g. ,  Wisniewsk i  &  Markman ,  1993 ; 
Markman &  Wisniewski ,  i n press) . 

Concept-specialisatio n theor y maintain s tha t  th e 
combinatio n proces s specialise s a  slo t  o f  th e hea d concep t 
wit h th e modifie r  concept .  So ,  " a penci l  use d i n bed " 
specialise s th e function-slo t  o f  be d wit h penci l  (se e 
Tabl e 1) .  Thi s theor y expect s relationa l  interpretation s wit h 
linguistic-hea d referents .  However ,  i t  doe s no t  easil y 
predic t  th e othe r  interpretation-type s o r  reversal s (i.e. ,  i t  i s 
not  clea r  whethe r  the y coul d emerg e fro m th e theory' s ill -
specifie d elaboratio n process) . 

Alignmen t  theor y maintain s tha t  combinatio n involve s a n 
alignmen t  process ,  i n whic h th e concepts '  slot s ar e aligne d 
t o fin d commonaltie s (matchin g slot-valu e pairs )  an d 
alignabl e difference s (matchin g slot s wit h differen t  values) . 
Thes e alignabl e difference s ar e the n use d t o identif y 
propertie s t o m a p (e.g. ,  i n elephan t  bir d th e size-slo t 
matche s bu t  th e value s differ ,  allowin g B I G t o b e mappe d 
fro m elephan t  ont o bird) .  O n it s own ,  thi s theor y expect s 
property-mappin g an d hybri d interpretation s t o b e produce d 
and seem s t o allo w som e type s o f  reversal s t o occu r  (i n 
substance-coun t  phrases ;  se e Wisniewsk i  &  Gentner ,  1991) . 
However ,  i t  i s  silen t  o n known-concep t  interpretation s an d 
require s a  specialisatio n mechanis m t o dea l  wit h relationa l 
interpretations . 

Bot h o f  thes e theorie s concentrat e o n explainin g ho w a 
single ,  acceptabl e meanin g fo r  a  compoun d i s produced .  I n 
contrast ,  a  theor y o f  polysem y mus t  accoun t  fo r  th e variet y 
of  meaning s tha t  ar e produce d t o a  give n compoun d an d 
h o w thes e interpretation s migh t  var y i n thei r  relativ e 
acceptability .  W e propos e a  ne w constrain t  theor y o f 
concep t  combinatio n tha t  explicitl y  deal s wit h polysem y 
usin g a  unitar y mechanis m t o explai n al l  th e interpretation -
types ,  whic h make s specifi c  prediction s abou t  th e natur e o f 
reversals . 

Constraint Theory of Concept Combination 

Constraint  theory has three components: (i) three constraints 
— inclusion ,  plausibilit y  an d informativenes s — tha t  decid e 
th e acceptabilit y  o f  interpretation s (ii )  a  generativ e 
mechanis m tha t  produce s interpretation s whic h satisf y thos e 
constraint s (iii )  a  se t  o f  knowledg e assumption s abou t  th e 
type s o f  concept s use d i n th e combination . 

The Three Constraints 

At the heart of the theory, three constraints of inclusion, 
plausibilit y  an d informativenes s decid e th e acceptabilit y  o f 
compoun d phras e interpretations .  Thes e constraint s ca n 
rejec t  som e interpretation s and/o r  promot e som e a s bein g 
mor e acceptabl e tha n others ;  hence ,  dealin g directl y wit h 
th e issu e o f  relativ e acceptability .  Th e choic e o f  th e 
constraint s i s motivate d b y th e pragmatic s o f  compoun d 
interpretatio n an d use .  Ther e ar e a  numbe r  o f  pragmati c 
requirement s whic h a  compoun d phras e interpretatio n 
shoul d meet :  eac h constrain t  implement s on e o f  thes e 
genera l  requirement s i n a  specifi c  way .  Th e firs t 
requiremen t  i s tha t  a n interpretatio n shoul d i n som e wa y 
includ e bot h constituen t  concept s o f  th e phras e bein g 
interpreted :  an y interpretatio n o f  a  nove l  compoun d suc h a s 
"be d pencil "  shoul d involv e bot h th e concep t  be d an d th e 
concep t  pencil .  Thi s requiremen t  i s carrie d i n ou r  theor y b y 
th e constrain t  o f  inclusion ,  whic h specifie s a  particula r  wa y 
i n whic h concept s ar e include d i n interpretations :  throug h 
th e presenc e o f  thei r  diagnosti c properties . 

A secon d requiremen t  i s tha t  compoun d interpretation s 
shoul d describ e somethin g whic h i s consisten t  wit h 
backgroun d knowledge :  interpretin g be d penci l  a s " a be d 
yo u ca n pic k u p an d writ e with "  woul d b e unacceptabl e i n 
most  contexts .  I n constrain t  theor y thi s requiremen t  i s 
carrie d b y th e constrain t  o f  plausibility ,  whic h state s tha t 
consisten t  interpretation s ar e thos e whic h contai n element s 
whic h ar e aread y k n o w n t o co-occu r  i n backgroun d 
knowledge . 

Finally ,  a  thir d requiremen t  i s tha t  compoun d phras e 
interpretation s shoul d conve y som e ne w informatio n (e.g. , 
Grice ,  1975) .  Interpretin g be d penci l  a s "jus t  a n ordinar y 
pencil ;  yo u coul d us e i t  i n be d i f  yo u wanted "  i s clearl y 
incorrect :  th e speake r  chos e th e modifie r  be d t o specif y a 
particula r  typ e o f  penci l  an d a  goo d interpretatio n shoul d 
tak e tha t  int o account .  I n constrain t  theor y thi s requiremen t 
i s carrie d b y th e constrain t  o f  informativeness ,  whic h state s 
tha t  a  goo d interpretatio n wil l  contai n propertie s whic h 
coul d no t  b e conveye d b y eithe r  th e modifie r  o r  th e hea d 
concep t  alone . 

138 



The inclusio n constrain t  require s interpretation s t o 
contai n diagnosti c predicate s o f  bot h concepts .  I n ou r 
terms ,  a  diagnosti c predicat e i s on e tha t  strongl y 
distinguishe s th e concep t  fro m othe r  known ,  relate d 
concept s (simila r  t o Rosch's ,  1978 ,  cu e validit y  idea) . 
Inclusio n make s th e secon d interpretatio n mor e acceptabl e 
tha n th e first: 

• a cactus fish is a green fish 
•  a  cactu s fish  i s a  prickl y fish 

because PRICKLY is more diagnostic of cactus than 
G R E E N.  Th e inclusio n constrain t  als o require s tha t  th e 
referen t  o f  th e interpretatio n posses s diagnosti c predicate s 
of  th e linguistic-hea d (i.e. ,  th e 2n d noun) .  Thi s doe s no t 
disallo w reversal s bu t  require s thes e linguistic-modifie r 
referent s t o hav e th e diagnosti c predicate s o f  th e linguistic -
head .  Usually ,  thi s wil l  mea n tha t  diagnosti c propertie s o f 
th e linguistic-hea d wil l  b e asserte d o f  th e linguistic -
modifier .  Fo r  example ,  Wisniewsk i  &  Centne r  (1991 ) 
repor t  a  reversa l  interpretatio n fo r  chai r  ladde r  o f  " a chai r 
tha t  i s  b y necessit y use d a s a  ladder "  wher e th e diagnosti c 
functio n o f  ladde r  i s asserte d o f  th e chair .  Thus ,  th e theor y 
makes th e nove l  predictio n tha t  reversal s shoul d ten d t o b e 
property-mappin g interpretation s ( a predictio n w e tes t  later) . 

The plausibilit y  constrain t  require s tha t  interpretation s 
describ e a n objec t  (o r  collectio n o f  objects )  whic h coul d 
plausibl y exist .  Plausibilit y  make s th e secon d interpretatio n 
more acceptabl e tha n th e first: 

• an angel pig is a pig with wings on its tail 
an ange l  pi g i s a  pi g wit h wing s o n it s tors o 

because prior experience dictates that wings are typically 
attache d t o th e centr e o f  gravit y o f  a n objec t  (exceptin g 
Hermes) .  Plausibilit y  i s  compute d fro m th e degre e t o whic h 
th e semanti c element s o f  a n interpretatio n hav e occurre d 
togethe r  i n know n concepts .  Plausibilit y  predict s tha t 
known-concep t  interpretation s shoul d occu r  because ,  bein g 
know n concepts ,  the y hav e th e highes t  possibl e plausibilit y 
score . 

The informativenes s constrain t  require s interpretation s t o 
communicat e somethin g ne w (satisfyin g Grice' s M a x i m o f 
Quantity ;  Grice ,  1975,) .  Informativenes s exclude s feasibl e 
interpretation s tha t  d o no t  communicat e anythin g ne w 
relativ e t o eithe r  constituen t  concept .  So ,  i t  woul d predic t 
tha t  peopl e shoul d no t  produc e th e following : 

• A bed pencil is a pencil made of wood 

because MADE-OF-WOOD does not convey any new 
informatio n abou t  eithe r  bed s o r  pencils .  I t  als o account s 
fo r  Downing' s (1977 )  finding  tha t  peopl e find  combination s 
wit h redundan t  modifier s unacceptable ;  fo r  example ,  pi g 
pork .  Informativenes s play s a n importan t  rol e i n decidin g 
betwee n interpretation s whic h ti e o n inclusio n an d 
plausibility . 

The Generative Mechanism 

The generative mechanism constructs compound phrase 
interpretation s incrementall y unde r  guidanc e fro m th e 
constraint s propose d b y theory .  Fo r  a  give n phras e thi s 
mechanis m form s interpretation s b y selectin g subset s o f 

diagnosti c an d plausibl y co-occurin g predicates .  I n it s 
searc h fo r  th e bes t  interpretatio n fo r  a  give n phras e th e 
mechanis m iterativel y build s multipl e interpretations , 
sloppin g whe n bette r  interpretation s ca n n o longe r  b e 
constructe d (se e Costello ,  199 6 fo r  a  detaile d description) . 
Thi s unitar y mechanis m ca n generat e a  wid e rang e o f 
interpretation s o f  differen t  types ,  havin g a  variet y o f 
referents .  Not e tha t  eve n thoug h thi s mechanis m ca n 
produc e relationa l  an d property-mappin g interpretations ,  i t 
doe s s o withou t  usin g specialisatio n o r  alignmen t 
mechanisms . 

Types of Knowledge 

Constraint theory also has assumptions about the types of 
concept s use d i n combinations .  A s i n th e abov e theories ,  w e 
assum e tha t  concept s hav e comple x representational , 
predicat e structur e (consistin g o f  attributes ,  object s an d 
relations) .  I n thi s paper ,  w e examin e a n assumptio n abou t 
th e basi c ontologica l  distinctio n betwee n artifact s an d 
natura l  kind s (se e e.g. ,  Keil ,  1986) . 

Artifac t  concept s (guns ,  buildings ,  an d cups )  diffe r  i n 
severa l  way s fro m natura l  kind s {birds ,  trees ,  an d snails) ; 
predominantly ,  i n tha t  artifact s ar e functionally-relate d t o 
othe r  concepts .  Thes e functiona l  model s shoul d facilitat e 
polysem y becaus e the y typicall y hav e severa l  possibl e role s 
(e.g. ,  agent ,  object ,  recipient ,  instrument) .  Fo r  example ,  a n 
elephan t  gu n ca n b e a  gu n use d b y a n elephan t  t o shoo t 
thing s (agen t  role )  o r  a  gu n use d t o shoo t  elephant s (objec t 
role) .  Natura l  kind s d o no t  normall y hav e associate d 
functiona l  model s an d therefor e shoul d suppor t  les s 
polysemy .  Furthermore ,  th e relationa l  role s i n artifact s ten d 
t o hav e a  wide r  scop e tha n thos e o f  natura l  kinds ,  i n th e 
sens e tha t  a  wid e rang e o f  object s ca n b e use d t o fill  the m 
(se e Wisniewsk i  &  Centner ,  1991) .  A  gu n ca n b e use d t o 
shoo t  almos t  anythin g bu t  a  snai l  ca n onl y ea t  vegetativ e 
matter . 

Bot h o f  thes e factors ,  alon g wit h th e inclusio n constraint' s 
requiremen t  tha t  th e referen t  o f  a n interpretatio n posses s 
diagnosti c propertie s o f  th e linguistic-head ,  sugges t  tha t 
combination s wit h a n artifac t  hea d shoul d manifes t 
significantl y mor e polysem y tha n thos e wit h a  natural-kin d 
head . 

Concept-Type & Polysemy 

This experiment tested three main predictions of constraint 
theory .  First ,  th e predictio n tha t  al l  fou r  type s o f 
interpretation s shoul d occu r  (notabl y th e known-concep t 
interpretation s predicte d b y plausibility) .  Second ,  tha t  whe n 
reversal s occu r  the y shoul d ten d t o b e property-mapping s 
(base d o n inclusion) .  Third ,  tha t  concept-typ e shoul d affec t 
th e polysem y o f  combinations ;  specifically ,  tha t  artifact -
hea d combination s shoul d generat e mor e interpretation s 
tha n natural-kin d hea d one s (base d o n mor e functiona l 
interpretations) . 

Subject s wer e give n fou r  set s o f  si x combination s fro m 
th e followin g categories :  artifact-artifac t  (e.g. ,  "penci l 
bed") ,  natural-kind-artifac t  (e.g. ,  "rive r  chair") , 
artifact-natural-kin d (e.g. ,  "chai r  river" )  o r  natural -
kind-natural-kin d combination s (e.g. ,  "oa k dog") . 
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M e t h o d 

Subjects & Design. Twenty undergraduates at Trinity 
Colleg e Dubli n too k par t  voluntaril y  i n th e experimen t  (on e 
was exclude d prio r  t o dat a analysis) .  Th e desig n wa s a  2 
(head-category )  x  2  (modifier-category )  one ,  bot h bein g 
within-subject s variables .  Combinat ion s wer e 
counterbalance d fo r  th e orde r  o f  th e specifi c  word s use d 
(e.g. ,  eac h subjec t  go t  be d penci l  an d penci l  bed) .  Thi s 
variabl e whic h i s no t  reporte d her e doe s no t  chang e th e 
effect s foun d (se e Costello ,  1996 ,  fo r  details) . 

Materials. Twenty-four basic-level words (12 artifact 
word s an d 1 2 natural-kin d words )  wer e use d t o construc t  th e 
24 combination s (se e Appendix) .  Frequenc y o f  occurrenc e 
of  th e word s i n eac h se t  determine d usin g th e Oxfor d 
Psycholinguisti c Databas e (Quinlan ,  1992) .  A  t-tes t 
comparin g artifac t  an d natural-kin d wor d frequenc y showe d 
no reliabl e differenc e betwee n th e categorie s (f(22 )  =.84 ,  p 
>.4) . 

Procedure. The instructions asked subjects to say "what 
th e phras e coul d plausibl y mea n an d i f  yo u ca n thin k o f 
mor e tha n on e possibl e meanin g fo r  a  phras e the n repor t 
the m i n th e orde r  i n whic h the y occu r  t o you" ,  fo r  th e nove l 
combination s the y wer e shown .  Th e combination s wer e 
presente d individuall y o n card s an d subjects '  response s wer e 
audi o recorded .  Subject s wer e teste d individually . 

Scoring. Subjects' interpretations were classified by both 
experimenter s int o th e fou r  interpretation-typeŝ :  relational , 
property-mapping ,  hybri d an d known-concept .  The y wer e 
als o classifie d b y referent :  head ,  reversa l  o r  other .  Finally , 
th e frequenc y o f  functiona l  interpretation s wer e noted . 
Difference s wer e resolve d b y discussio n (agreemen t  wa s 
9 7 % ) . 

Results & Discussion 

The results confirmed the main predictions of the constraint 
theor y i n findin g tha t  head-artifac t  combination s wer e mor e 
polysemou s tha n head-natura l  kin d ones ,  base d o n increase d 
number s o f  functiona l  interpretation s bein g produce d i n th e 
former .  Th e result s als o confirme d th e predicte d tendenc y 
fo r  reversal s t o b e property-mappin g interpretations ,  wit h 
property-mapping s dominatin g th e reversal s categor y whil e 
relationa l  interpretation s dominate d th e head -  an d other -
referen t  categories . 

Types of Interpretation. Each of the four types of 
interpretatio n wer e foun d a m o n g th e 101 9 produced : 
relationa l  4 6 % (468) ,  property-mappin g 3 3 % (337) ,  hybri d 
0.3%'  (3) ,  an d known-concep t  1 5 % (157) ,  wit h 6 % (57 )  i n 
th e othe r  category .  Thes e result s ar e i n lin e wit h previou s 
finding s o n th e firs t  thre e categorie s an d confir m tha t 
known-concep t  interpretation s ar e a  commonl y produce d 
type .  Th e finding s suppor t  th e flexibl e generativ e 

2 Operationa l  definition s o f  th e first  thre e o f  thes e categorie s wer e 
simila r  t o Wisniewski' s  (1996) . 

mechanis m use d i n th e constrain t  theor y an d it s propose d 
constraints . 

Polysemy. On average each subject produced about two 
interpretation s pe r  combinatio n ( M =  2.24) ,  althoug h th e 
frequenc y range d fro m 1  t o 6 .  Th e 2  head-categor y (artifac t 
or  natural-kind )  x  2  modifier-categor y (artifac t  o r  natural -
kind )  repeated-measure s A N O V A reveale d a  mai n effec t  o f 
head-category ;  wit h artifact-hea d combination s producin g 
reliabl y mor e interpretation s { M -  2.36 )  tha n natural-kind -
head one s ( M =  2.12, ;  F(l,17 )  =  7.89 ,  p  =.01 ,  M S e =  .78) . 
No othe r  reliabl e effect s o r  interaction s wer e found .  A n 
ite m analysi s reveale d simila r  effect s o f  head-categor y 
(F(l,22 )  =5.71,p<.05 ,  A/5e = 1.12) . 

An analysi s o f  th e proportio n o f  functiona l  interpretation s 
produce d t o a  give n phras e showe d tha t  ther e wa s a  highe r 
proportio n o f  functiona l  interpretation s produce d t o artifact -
head ( M =  .40 )  tha n t o natural-kind-hea d combination s ( M 
=.\2-F{\,n )  =  12.96 ,  M S e =  .122 ,  p  <  .0001) .  A  similar , 
but  lesser ,  differenc e wa s foun d betwee n artifact-modifie r 
( M = .33 )  an d natural-kind-modifie r  combination s (A/=.19 ; 
F(1,17) = 18.23 ,  M S e =  .115, p <  .0005) . 

Bot h o f  thes e result s suppor t  th e cor e assumption s o f  th e 
constrain t  theory .  I n particular ,  the y sho w tha t  artifact s ar e 
much mor e polysemou s tha n natura l  kinds ,  especiall y whe n 
the y ar e i n th e hea d position .  Furthermore ,  i t  show s tha t 
thi s extr a polysem y i s base d o n thei r  associate d functiona l 
models . 

Referents & Reversals. As expected, most of the referents 
of  interpretation s wer e t o th e linguistic-hea d o f  th e 
combinatio n (68%) ,  bu t  reversal s usin g th e linguistic -
modifie r  a s th e referen t  wer e relativel y c o m m o n (9%) ,  wit h 
th e remainde r  havin g som e othe r  concep t  a s th e referen t 
(23%) .  Thi s resul t  confirm s tha t  suc h reversal s ar e no t 
limite d t o combination s o f  a  substance-objec t  for m bu t 
occu r  mor e generally ,  albei t  no t  a s frequentl y (Wisniewsk i 
& Centner ,  1991 ,  foun d rate s a s hig h a s 3 8 % ) . 

The inclusio n constrain t  predict s tha t  whe n reversal s 
occu r  the y shoul d ten d t o b e propert y mapping s (o f  th e 
head' s diagnosti c predicates )  rathe r  tha n anothe r 
interpretation-type .  Thi s predictio n i s confirme d b y a n 
analysi s o f  interpretatio n type s i n th e differen t  referen t 
categories .  I n th e head-referen t  category ,  th e interpretation s 
produce d ten d t o b e relationa l  (51% )  rathe r  the n property -
mapping s (36% ;  a  simila r  patter n i s foun d i n th e other -
referen t  category) .  I n contrast ,  i n th e reversal s categor y 
interpretation s ten d t o b e propert y mapping s (54% )  rathe r 
tha n relationa l  one s (31%) .  Al l  thes e difference s ar e 
statisticall y reliable . 

Significance of Findings. With any new paradigm the 
issu e o f  th e relevanc e o f  th e finding s alway s arises .  Doe s 
th e proces s b y whic h peopl e produc e multipl e 
interpretation s hav e anythin g t o d o wit h people' s norma l 
comprehensio n o f  nove l  compounds ? I n particular ,  d o 
contextua l  influence s normall y banis h th e possibilit y  o f 
polysem y i n nove l  combinations ? W e woul d lik e t o argu e 
tha t  th e combinatio n proces s use d t o produc e multipl e 
interpretation s i s th e sam e a s tha t  whic h produce s a  singl e 
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interpretation ,  wit h contextua l  influence s actin g t o highligh t 
th e singl e interpretatio n selected . 

I n suppor t  o f  thi s positio n i t  ma y b e note d tha t  th e type s 
of  interpretation s produce d i n th e presen t  stud y an d ih c 
relativ e frequencie s o f  thes e interpretation-type s closel y 
paralle l  thos e foun d i n traditional ,  single-inlerprctalio n 
studies .  Thi s i s stron g evidenc e fo r  th e propositio n tha t  th e 
same proces s i s bein g tappe d i n thi s an d previou s studies . 

Granted ,  peopl e ma y no t  normall y entertai n al l  th e 
possibl e meaning s reporte d b y ou r  subject s whe n a  nove l 
combinatio n i s presente d i n contex t  (Murphy ,  1990) .  Fo r 
example ,  a  penci l  be d coul d b e a  narro w bed ,  a  containe r  fo r 
pencils ,  a  be d tha t  i s pencil-shape d an d s o on .  I f  yo u ar e 
tol d tha t  "th e penci l  be d i s i n th e bedroo m upstairs "  yo u ar e 
likel y t o assum e tha t  a  narro w be d i s upstairs ,  wherea s i f 
you ar e tol d tha t  "th e penci l  be d i s i n th e middl e o f  th e exa m 
hall "  yo u ar e mor e likel y t o thin k tha t  i t  i s som e receptacl e 
fo r  pencils .  However ,  no t  al l  context s wil l  necessaril y 
disambiguat e a  nove l  combination ;  i f  yo u ar e tol d "h e 
moved th e penci l  be d las t  week "  eithe r  o f  th e abov e tw o 
meaning s coul d stil l  hol d (Mulligan ,  1997) .  So ,  contex t  wil l 
not  necessaril y  banis h al l  ambiguity . 

Indeed ,  w e believ e tha t  polysem y shoul d b e studie d t o tel l 
us mor e abou t  contextua l  influence s i n norma l 
comprehension .  A t  presen t  w e hav e littl e knowledg e abou t 
th e baselin e ambiguit y o f  nove l  combinations ,  an d thu s d o 
not  kno w wha t  problem s o f  ambiguit y ar e resolve d b y 
contex t  (se e Mulligan ,  1997) . 

General Discussion 

The present paper reports a new theory of conceptual 
combinatio n tha t  aim s t o explai n specifi c  aspect s o f  th e 
multipl e interpretation s produce d b y peopl e t o nove l  noun -
noun combinations .  Usin g thi s theory ,  w e hav e show n tha t 
differen t  type s o f  concept s differentiall y  affec t  polysemy ; 
tha t  combination s wit h artifac t  head s ar e mor e polysemou s 
tha n thos e wit h natural-kin d head s (simila r  result s hav e 
been foun d fo r  th e superordinate/basic-leve l  distinction) . 
Furthermore ,  w e hav e confirme d th e generalit y o f  thes e 
finding s i n othe r  experiment s usin g severa l  hundre d 
differen t  combination s (se e Costello ,  1996) .  W e hav e als o 
simulate d thes e result s i n a  mode l  o f  th e theor y calle d C ^ 
(th e Constrain t  Mode l  o f  Concep t  Combination) . 

I n constrain t  theory ,  w e hav e trie d t o dea l  wit h th e 
creativ e content s o f  interpretation s produce d b y peopl e t o a 
singl e combination .  A t  present ,  w e hav e no t  concerne d 
ourselve s wit h mor e traditiona l  concern s lik e typicalit y 
rating s (althoug h ultimatel y w e pla n t o exten d th e theor y i n 
thi s direction) .  I n doin g thi s w e hav e trie d t o ope n u p a  ne w 
are a o f  researc h o n th e factor s tha t  affec t  polysem y tha t 
appear s t o b e ver y fruitful .  I n th e cours e o f  thi s w e hav e 
confirme d severa l  idea s abou t  th e structur e o f  th e huma n 
conceptua l  system .  Theoretically ,  w e hav e bee n drive n b y 
parsimon y t o develo p a  singl e unitar y mechanis m an d a  fe w 
simpl e explanator y constraint s t o accoun t  fo r  thes e effects . 

A c k n o w l e d g e m e n t s 

The research reported here was submitted as part of the first 
author' s P h D thesi s a t  th e Universit y o f  Dubli n (se e 
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Appendix: 
C o m b i n a t i o n s U s e d i n th e E x p e r i m e n t 

artifac t  hea d natural-kin d hea d 

artifac t  modifie r 

natural-kin d modifie r 

Bed Penci l 
Trai n Ha t 
Bus Shir t 
Shir t  Bu s 
Penci l  Be d 
Hat  Trai n 

Apple Knife 
Potat o Bal l 
Rose Hammer 
Rive r  Chai r 
Herrin g Sho e 
Gun Hors e 

Chai r  Rive r 
Knif e Appl e 
Hammer  Ros e 
Hors e Gu n 
Shoe Herrin g 
Bal l  Potat o 

Boulder Grass 
Tuli p Eagl e 
Oak Do g 
Gras s Boulde r 
Eagl e Tuli p 
Dog Oa k 
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