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The processof conceptualcombinationinvolves accessingtwo or more
conceptsand,determininghow they fit dogetherto form a new concept.In a
sense,conceptualcombinationis very broad in scope,involved in many situations in natural languageunderstanding.For example,understandinga story
probably includesthe combining of conceptsof the individual sentences.Understandinga sentence,in turn, probably ilicludes combining the meaningsof
- noun, verb, and prepositionalphrases.To understanda noun; verb, or prepositional phrase,we combinethe meaningsof individualwords.In this chapter,we
1,will focus on how peoplecombine conceptswhen they attemft to understand
complexnoun phrases(i.e., noun phrasesother than thoseconsistingof a noun
or a determinerand a houn).For example,tb understanda phraselike "elephant
tie," one might combinethe conceptselephantand tie in such a way to mean,
"a tie worn by circus elephants"or "a tie with a picture of an elephanton it."r
Theseare possibleinterpretationsof the phrase"elephanttie." Recently,there
ft&
i
l
has
been a fair amount of psychologicalresearchon this kind of conceptual
-.r
I
'combination(e.g.,OsherSon
& Smith,1982;Smith& Osherson,1984;Medin &
-' Siroben,1988;Murphy, 1990).Severalmodelshavebeenproposedto account
f'l
for this process(Hampton,1987;Smith,Osherson,Rips, & Keane,1988;Cohen & Murphy,,1984;Murphy, 1988).Besidesmodelsof understanding
complex noun phrases,there has also been researchon how people combine the
mebningsof nouns and verbs in understandingsentences(Gentner& Franc-e,
1988).
This chapteris organizedinto three parts. In the first part, we introduce
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the processof cohceptual
and discussits importanceas a topic of
investigation.we will outline somee'mpiricalresults of studieson conceptual
combinationand generalchallengestiat any theory of conceptualcombination ,
,i.
must address.In the secondpart, wg presentthree psychologicalmodels of
conceptualcombinationand evaluateihem in termsof the specificpsychologi-"--.,cal findings and theigeneralchallengers
outlined in the first part of thi chapier.'ti")'.
The modelsare the attribute inheritan"ce
model (Hampton, 1987),the selective
modification model (Smith et al., 1988) and the conceptspecializationmodel
(Cohen& Murphy,l9&4; Murphy,1988).
In the third part of the chapter,lie examiie one of the major assumptions
of two of the conceptualcombination'models.Both the-selectivemodification
and conceptspecializationmodelsprdposea type of slotfilling as the primary
mechanismfor combining concepts.(A processcalled elaborationis also very
important in the conceptspecializatiohmodel.) In thesemodels,conceptsare
composedof slots and fillers (as in frdmesand schemata).One combinesa pair
of conceptsby filling a slot in one ccincept(which we will call the head concept) with that of the other concept(w.hichwe will call the predicateconcept).2
A slot in the head conceptis restrictid to having the predicateconceptas its
red box, onefinds a
filler or value.For eiample, to interpr6ta combinationlifr.le
slot in box (i.e., rhe color slot) thatlcan be filled by the concept red. The
conceptred box is therebyrestrictedtri havingred as the filler of its color slot.
In this section,we will suggestthat slot filling may be a commondefault
strategyfor combining concepts.To a'ddressthis hypothesis,we discusssome
results from a preliminary study thatfexaminesthe kinds of descriptionsthat
peoplegive for noun-nounconcepts.Ih this study,peopledefinednovel combinations of count and mass nouns thdt were either artifacts or natural kinds.
While we found evidencefor slot fillifi'g, a numberof examplesfrom this study *'
appearto be exceptionsto the slot-filiing view of conceptualcombiriation.In
order to account for the full range bf results, we will propose some other
mechanismsthat may be involved in tonceiltual combination.In addition, *e "
will arguethat thesemechanismsoperdteon muchricher conceptualrepresentations than thosetypically emphasized{inthe literatureon coneeptualcombination. In particular,the relationalstructdrein conceptsplays an importantrole in
how they are combined
I
w

I

PRoBLEM
CoilrsrxltloN
I
Studying how people combinecbnceps is important for severalreasons.
First, the use of noiel complex nounlphrasesis a very common, nahlral, and
,croativo way to fill i vocabularygap.,Peopleoften introducenew terms into a
languageby combining existing wordi rather than inventing,new wdrds. For
Tnn CoxcnpruAl

onemight
computers,
example,
to denotestparticularkindofitablethatsupports
introduc.e
table,'iinstead
of inventinga newword.Novel
lhe phrase'"computer
l,

I

I
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#
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complex noun phrasesare common in newspaperheadlines,where they
concisetyconvey important information (e.g., "Record PentagonProcurement
,:,
':i
OverchargesCited," which appearedin the WashingtonPost on New Year's
t'
day, 1989).The coining of novel noun phrasesis evidentin children at an early
(E. Clark, Gelman,& Lane, 1985).Indeed,many researchershave specuage
6\,;
r''
lated that conceptualcombination'provides a route to languagechange and
growth (Downing, 1977:H. Clark, 1983;Gentner& France,1988).Downing
(1977, page 823) suggeststhat the creationof novel conceptcombinations,
"servesas the back door into the lexicon."
Second,any general-purposenatural languageprocessingsystem will
have to interpret complex noun phrases.Building systemsthat can understand
suchcombinations
is very difficult (e.9.,Brachman,1978;Cottrell, 1988;Finin,
1980;Hirst, 1983).Knowledgeof how peoplecombineconceptsmight assistin
the development
of suchsystems.
Third, studyinghow conceptscombinecan provide a way to constrain
theoriesabout how conceptsare represented.In fact, work by Edward Smith
and Daniel Oshersonon conceptualcombinationpresenteda seriouschallenge
to theories of conceptsthat were derived from researchon single concepts
(Osherson& Smith, 1981,1982;Smith & Osherson,1984).In parricular,rhey
demonstratedthat prototypetheoriesaugmentedwith fuzzy set theory accounts
of conceptualcombinationcould not predict a number of findings on how
peoplecombineconcepts.This researchprovidedclues to conceptualstructure
that one may not havebeenable to discoverby just studyingsingleconcepts.
Basedon oru own studiesof how conceptscombine,we will alSosuggesthow
conceptsshouldbe structured.
For thesereasonsand otlers, therehasbeenincreasinginterestin concep., tual combination.Below,we describesomerecentstudies,as well as a number
" of generalcharacteristics
of conceptualcombinationthat makeit a challenging
problem.
,
Representational
Assumptions

,
.i
-.
+
"

Crucialto any discussionof how conceptsarecombinedis somenotionof
how they are represented.
Researchers
in the field haveuseddifferent representations for conceptsas well as different terminology for the samerepresentation. To keep our discussionof representational
issuesexplicit and clear,we
" will briefly define some terms.The term "attribute" or "feature" will refer to
any property of an object that is representedin tho conceptof that object. So,
for example,"has a pair of wings," "is colored red," and "flies" might be
attributesor featuresthat are representedin the conceptof robin. In describing
his model, Hampton(1987) usesattributein this manner.Many researchers,
however,distinguishbetweenslots and fillers whbn discussingpropertiesof
objectsthat are representedin concepts.In slot and filler notation,the attributes
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red), (robin locomotionflies). The first term in eachtuple is thi conceptnime,
the secondterm is a slot of the concept',and the third teim is a filler or value of
the slot. one can view slots and their fillers as dimension-valuepairs of a
concept.Researchers
often discussslois and fillers in the context of frames.A -;f;
:'\
frame is a knowledgestructurethat refresentsone's conceptof a stereotypical
situationor object (Minsky, 1975).Ir i,onsistsof a list of tuplesthat are generally true of the stereotypicalsituationoi object.(Aframc instancewould represent a specific exampleof that situaticinor event--+.g.,a specific robin.)3So,
the frame for robin would include thd tuples above (as well as others).With
some slight modifications(discussedlhter), Smith et al. (1988) use frames to
representconceptsin their model.Onepan view a conceptas being more than a
list of slots and fillers, however.A strictured frame consistsof a structuredlist
of slots and fillers. The list is structuiedin the sensethat it capturesvarious
relationshipsbetweena slot and is fiilAr and betweendifferent slots and fillers.
For example,in tle conceptpie, the siot made-ofmight indicate that its filler
must,be somethingedible,capturingthti fact that pies are madeof edible things.
As a seconil'example,in the conceptrebtangle,the slot area might indicatethat
its filler is the productof two ottrerfillbrs (namely,the fillers of the height and,
widrlr slots). With some slight modifiiations, Murphy (1983) uses structured
framesto.representconceptsin his model.

Ambiguity

l
I

Combining conceptsinvolves tnlee HnOsof ambiguity-syntactic, lexical, and relational ambiguity. ln syntdcficambiguity, the concept that a constituent modifies is ambigous.When the numberof constituentsis more than
two, there is the "who modifies wtronif' problem of combining concepts.In a
conceptpair in English, the first conippt almost always modifies the second ..
concept.However, when there are moie than two concepts,determiningwho
modifies whom is not straightforwardiThe combination is syntactically ambiguous.Often, combinationsare nestedwithin other combinations.So, in solid
state RCA color television,a systenl or person must recognize that solid
modifibs state and that this combinationmodifies television. In water meter
f
i
cover adjustmentscrew, water modifricsmeter and the combinationmodifies
cover, which in turn forms a new comdinaton water meter cover that modifies
,
the final conc6pt. These examplesalSo suggestthat a model of conceptual
combination must have a mechanism
{for the recirsive processingof nested
combinations.
I
In lexical ambiguity, one or m<ireof the meaningsof the constituen[
words of the combinationis ambiguous!Many wordsof English havemore than
one meaningand many commonwordi have a very large numberof meanings
(Hirst, 1983).As an exampleof a phrasethat'has ambiguousconstituents,

I

I

t'|

r "t

fi

Combinatorial Semantics of Noun Pairs

2,45

consider"ball bat." The word "ball" could mean (amongother things) any of
the balls usedin playing sportsor it could meanthe kind ofball that one dances
at. The constituent"bat" could refer to a type of animal or sportsequipment.
ln relational ambiguity,the relation betweenthe constituentsis ambiguous. In this case, it is neither the individual constituentsnor their syntactic
relationshipthat is ambiguousbut rather,how they fit together-their conceptual relationship.Considerthe exampleof elephanttie above.Assumethat the
meaningsof the constituentsare unambiguous(e.9., that elephan meansa type
of airimal and that tie meansa type of clothing). Given an appropriatecontext,
elephantandtie could be relatedto eachother in manypossibleways, as in, "a
tie worn by circus elephants,""a tie that is large like an elephant,""a lie that
haspicturesof elephantson it," and so on. In fact, constituentscan be related!o
eachother in an arbirary numberof ways that can be very plausible,given the
appropriatecontext(Kay & Zimmer,1976;H. Clark, 1983).
Concept-dependent
CombinationProcesses
How a particular predicateconceptis combined with the head concept
often dependson the headconcept.To seewhy, considera simple, straightforward systemin which conceptsare combinedin a way that is independentof
the headconcept.A particular predicateconceptwould be combinedwith any
headconceptin the sameway. For example,the conceptred might be combined
with any headconceptX, to mean"an X that has the color red." Therefore,for
eachconcept,a straightforwardrule would describehow the conceptcombines
with all otherswhen it functionsas the predicate.
However,thereis increasingevidencetlat, in humanlanguage,predicate
conceptsdo not combinewith all conceptsin the sameway (e.g.,Halff, Ortony,
& R. C. Anderson,1976; Rips & Turnbull, 1980; Murphy, 1988; Medin &
Shoben, 1988).As an example,a flower man is a man who sells flowers, a
flower garden is a gardenthat containsflowers, aflower painting is a painting
that depictsa flower, aflo'wer necklaceis a necklacemadeout of flowers, and
so on. In thesecases,how the predicateconceptf'lowercombineswith the head
conceptvaries as the head conceptvaries. Medin and Shoben(1988) provide
evidencefrom typicality ratings for this claim. Resultsof their secondexperiment suggestthat, for example,gold is combined with coin to mean "a coin
madeout of gold" but that it is combinedwith railing to mean"a railing with
the color of gold." Murphy (1988) also showedthat the meaningsubjecs gave
for a simple adjectivevaried with the noun that it was combinedwith. These
findings suggestthat specifyingthe combinatorialrules of conceptualcombination will not be straightforward.
Typicality effects

'l

Smith and Osherson(1984) describeseveralfindings involving the typi-
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cality of adjective-nounconcepts.A c<impletetheoryof conceptualcombination
needsto specify what it is about the Sructure of adjective-nounconceptsthat
accofnts for theseeffects.The first finhing, called thi conjunction'effect,i. tttat
the tfpicality of an instanceto zrnadjhtive-noun concept(i.e., a conjunction)
eiceeds its typicality to the noun coricept.So, a particular red apple is more
typical of the conceptred apple thanlit is of apple. The secondfinding is the
compatible-incompatibleconjunctionbffect-that is, the conjunction effect is
greaterfor incompatiblethan compatitle conjunctions.Here, an incompatible
conjunctionis one in which the adjecti,vedenotesan unlikely filler for a slot of
a noun (e.9., as in bluc apple) and a iompatible conjunctionis one where the
adjectivedenotesa likely filler for a dlot of a noun (e.g., as in red apple). So,
the extentto which a blue appleis jfdg'ed more typical of blrc apple thanapple
is greaterthan the extent to which a ied apple is judged more typical of red
apple thanapple.The third finding, called the reverseconjunctioneffect, is that
the typicality of a noninstanceo anladjective-nounconcept is less than its
typicality to the noun concept.So a blire apple is less typical of red apple than
it is of apple.
RelativeEaseof Combining Conceptb
I
Someconceptsare easiera
than others.Reactiontime studies
"o{Uin"
suggestthat severalfactors affect hovi
easy it is !o understandcomplex noun
phrases.One factor is theform classfof the predicateconcept-in particular,
whetherthe predicateis an adjective6r noun. Murphy (1990) found that subjects understoodadjective-nounpairs fAsterthannoun-nounpairs.For example,
peopleundentood"pleasantpunishmerit"morequickly than"bear punishment."
It is unlikely that this result could be elplained by differencesin the familiarity
ror
of the objects named by the phrases in word frequency.Noun-nounpairs
were used that had been previouslyjidged as interpretable.Furthermore,the
predicatenounsactually had higher wbrd frequenciesthan the aiijectives.One
possible reason for the difference is lrelated to ttre different roles that form
classesplay in language.In general,adjectivesfunction as opeiatorswhoserole
in languageis to pick out a particular3lot of a noun to fill. Oftdn, an adjective
picks out the sameslot of manydiffereht nouns.For example,"green" picks out
the color slot of the nounsin greenapple,greentable,greengrass,and so on. In
contrast,a noun primarily servesto esihblishreferenceto individual objectsor
categories(Gentner& France,1988).Using a noun as an operatorviolates its
preferreduse as a referent.An adjectivi-nounphrasemight be easierto underof its constituentsare playing their
standthan a nciun-nounphrasebecausetboth
primary roles whereasin a noun-noun*phrase,
the predicatenoun is playing a
role that violatesits preferredrole.
I
A secondfactor that may affect &se of understandingis conceptualcomplexity. Murphy (1990) prefers this eiplanation for why noun-nounpairs are
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more difficult to understandthan adjective-nounpairs.Nounsire more conceptually iomplex than adjectives.In general, comparedo adjectives,there is
more knowled$e representedin nouns. To understanda noun-noun phrase,
peoplemust combinetwo relatively complexrepresen0ations
whereas!o understand an adjective-nounphrase,they must combineone simple and one complex repiesentation.Therefore,combiningd pair of nounsshorildinvolve more
computation.
Within the classof adjective-nounconiepts,Murphy (1990)hasidentified
three factors that afrect comprehension:typicality, relevance,and predication.
Peoplemore quickly understanda combinationcon0ainingan adjectivethat is
typical of the noun than one containingan adjectivethat is atypical (e.g.,"rcd
applg" is easier!o understandthan"blue apple"). (Familiarity of adjectiveswas
controlled for by having each adjective serve both as a typical dnd atypical
adjective,'whenpairedwith different nouns.)
A combination containing an adjectivc that-is relevant o the noun ,is
easierto understandthan one containidgan adj€rtive that is irrelevant.Accordin$ to Murphy, an adjectiveis,relevantif it picks out a slot that is presentin the
notn (i.e., is part of the representation
of th6 noun). So, the adjective"cold" is
relevent to beer becauseit picks ovt temperature-a slot thai is part of the
conceptof beer. In contrast,"cold" is irrelevant to gdrbagebecausetemperature is not part of the conceptof garbage.One must infer the fact that garbage
hasa temperature,presumablyby inheritancefrom its superordinate.
,Therefore,
the phrase"cold beer" is easierto understandthan"cold garbage.l'Relevance
is
independentof typicality. In this experiment,typicality was measuredby the
proportionof objectsin a noun categorythat had the adjectiveproperty.In the
exampleabovO,Murphy found that the proportion of,objects in the category
beer that had the attribute cold was judged to be about the sameas the proportion in the categorygarbagethat had ihis attribute
Finally, peoplemore quickly understandcombinationscontainingan adjective that hasa'predicatingrelationshipto a noun thanone having anonpredicating relationship. An adjective is predicative if the combination can be
mappedontroa sentenceof the form n6un be adjective that makes senseand
reflects the meaningof the combination(e.g., Levi, 1978).So, "ugly" is a
predicatingadjectivein "ugly paintin!".becausethe phrasecan be mappedonto
"The painting is ugly" - a sen[encethat makessenseand reflectsthe meaning
of "ugly painting." In contrast,"rural" is a nonpredicatingadjective in the
phrase"rural policeman."The sentence"The policemanis rural" doesnot make
sense.
Within the classof noun-nouncompounds,.several
studieshave investigated differencesin easeof understanding.Murphy (1990) fouird that context
can speedthe interpretationof noun:nounphrases.In one study, novel nounnoun phraseswere precededby either helpful or neutral contexts.A helpful
context was one that plausibly indicatedhow the-predicatenoun was related0o
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theheadnoun.Theneutral.context
the predicatenoun-andthe head
noun but,did not indicdte a plausiblb relation. when $ubjectsactually read
-sentences.containing
the noun'nounplrases, they undersloodthose embedded
in the helpful cont,exts,morequickly firan.thoseembeddedin the neutral conleits. This finding suggestedthat whbn rhe conrext specified the relation betweenlthe predicatenoun and.thb hdad'noun,the corilbinationprocessr.was
faster.
f
i Wisniewski(199b) identified an8rne,factor that predictshow ehsyit will
be o combing concrete,artifact nouhs-namely, the functional scopeof the
object namedUf ttre headnoun. Thefinctional siope of an artifact refers to the
range of"objects that can enier inrc the artifact's function. The,range can'be
relatively unconstrainedsuch that mafiy objectscan participatein the object's
. furction. For example,the functionallscopeof soap is unconstrdined.because
many objectscan enterinto its functiori.(i.e.,,manyobjectscanbe bleaned).The
rangecan also be relatively consffaineilsuchthat few objectscaniparticipatein
the function. Foi example,the functiofid scopeof combis constrainedbecause
fewbbjects can ente.rinto its functionl(i.e., few objectscan be straightenedor
stiled with a comb). Tlpically, funcdbnswhose scopesare uncdnsrainedare
ttrosefor which achieving the functiofi dependson a nearly universally-applicable.characteristicof objecs, i.i., ti characteristicthat almost all concrete
objects can possess.For examilte,the'.functionAlscopeof a bo* is relaiively
'
unconstrained(i.e., a box can be usediiocontainmany things).This is because
the function of'box dependsfor its acirievementon a nbarly'universallyapplicable characteristic-i.e., the characteiisticof occupyingfinite volume so that
beingcontainedis possible.
I
'Wisniewski found that people[more quickly understood'noun:houn
phrasesinvolv-ing"headnouns with uriconstrainedscopes(e.g., jlacket box")
'Jicket fork').
than thoseinvolving headnounswithlconstrained
scopes:(e.g-.,
The re'sultssuggestedthat for artifact if0uns,peopleoften interpretcompounds
by trying to reiite the predicatenoun t5 the functionof the object namedby the
head noun. In tle case of a:head noin with unconstrainedfunctional scope,
peoplecah easily relatethe predicaterfounto the headnoun'sfunction and thus
pair. But, in.the caseof'a headnoun with constrained
interpretthe.noun-noun
functional scope;peoplemust-seekotlier ways to meaningfullyrelate the constituents,thus increasing comprehensio'rr
ti me.
I
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binations that were either semantically.natural or semanticallystrained.An
exampleof a combinationthat is semantically.natural is "The lizard limped.':
The combinationmeetsthe requirementthat an animaleobject (i.e., lizard) be
the agentof the verb (i.e., limped).In contrast,."Thelanternlimped" is semantically strained-the agentof "limped" is not animate.Gentnerand Francefound
that when a combination was semanticallystrained,people paraphrasedthe
combinationby altering the meaningof the verb more than the noun. So, people
might paraphrase"The lantern limped" as "The.lighting ilevice gave off a
'flickering li$ht" (which altersthe rneaningof "limped" and preservesthe meaning of "lantern"). They seldomparaphrasedsuch combinations'byaltering the
meaningof the noun and preservingthe meaningof the verb (e.9., as in "The
bright personwalked lamely").
Gentnerand France(1988) suggestedthat the nounsin a noun is a noun
sentenceshow a similar patternof differentialmirtability (thoughlessextreme).
In thesesentences,the predicatenoun.(which functions as operator)typically
adaptsits meaning to the subject noun (which functions to establishobject
reference).Thus, "The acrobhtis a hippopotamus"conveysa clumsy airobat,
whereas"The hippopatomusis an acrobat"conveysan agile hippopotamus.The
interprerition of noun-nounconceptsshould.parallelthis finding. That is, the
first noun shouldfunction as an operatorwhereasthe secondnoun shouldfunction to establishobject reference(we will discusssomeexceptionsto this rule
later).
Ernergentand fnteracting Feature
Featuresoften emergein coiiceptcombinationsthat are not present(or at
least not salient)in the.constituents
of thosecombinations.,Murphy(1988)
found that subjectsjudged certain featuresto be typical of adjective-noun
conceptsbut atypical of the noun or adjective concept alone."For example,
peoplebelieve "lose money" is a typical featureof emprystore bul an atypical
featureof store or empty.Murphy (1988) arguedthat sucha featurewas riot a
conceptualpart of either the constituentempry or store but rather emerged
,throughan interactionof the constituentsand people'sgeneralworld knowledge.Gentnerand France(1988)also suggestedthat featuresemergein concept
combinationsthat are not presentin the constituents.They found that when a
noun-verb combination was semantically strained, people often altered the
verb's meaningby invoking a novel meaningof the verb. For example,in one
case, the sentence"The lizard worshipped,"was-paraphrased
as "The small
gray reptile lay on a hot rock and snred unblinklingly at"the sun." In this
'
example,the feature"stared unblinkingly at the sun" is not highly typicat of
either concept.Gentnerand France(19.88)argued'that,whenparaphrasingthe
meaning,ofverb in suchcombinations,peopleoften go beyondsimply seldcting
. from a rangeof prestoredaspectsof verb meanings.Instead,they adaptedthe

Featuresin a conceptcombinaddnalso interact.For example,peopleber
lieve that wooden,spoonsare large ipoons whereasmetal spoons are sinall
'3poons(Medin & Shoben,1988).In ihis example,the made
o/dimension of
spoon interactswith the size dimension.one interpretationof this finding is
tliat a combinationiriherits correlation&s
containedin itre treaOconcepttlat are
maderelevantby the predicateconce{t.So, the representation
of spoonmight
contain information about the correlaiion "spoons that are made of wood are
also large.i' This correlation'would influence the interpretation of wooden
spooh.aThe impli-c-ation
of this findin! is that conceptscannot be represented
simply as lists of features,as implied by many past theories(e.g.,Rosch &
Mervis, 1975; Smith, Shoben,& RipS';1974).Instead,conceptsalso capture
dependenciesand relations betweerifeatures.For example, features'may be
.statisd;ally correlated(as iir the spodn example above), causally connected,
(e.g.,'haswing'sandflies in the concepibdrdl,functionallyrelated(e.g.,the legs
of a table typically supportits top), mdtheinaticallyrelated(e.g., the volume of
a cube is the productof its height,wibth, and length),and so'on. A model of
conceptualcombinationmusttakeintohccount'such
dependencies.
*
Coricept.Combinations.as
a Heteroge{neous
Class

-t,

We beganthis chapter'bysuggesiingthat conceptualcombihationis very
broadin'scope.'Restricting
conceptuallbombination
only to noun-nounand adjective-nounpairs, thereare still a numberof psychologicallyimportantdimen'iions alongwhich suchcombinations
cLnn"ry. First, as previouslynoted,there
can be form class.differences-the piedicate term of a combination can be
eithera nounor ah adjective.In additioh,an adjectivecan hdvea predicatingor
nonpredicdtingrelationshipto the headlnoun(as describedabove).
., Combinations6an be conjunctivi.ornonconjunctive.
A conjunctiveconcept designates
a categorywhosemenibersbelongto both constituentcategories (Hampton,1987).For exhmple,th'emembersof pet iguanaarb both pets
and' iguanas.'The membersof red iltck are both red things and,trucks..In
Contrast,the membersof a nonconjunCtivecdtegoryar" *"*b"rt of.only one
constitdent.categbry (that named Uy ltre head ndun); So, apartmentdogs are
i
'
dogsbut not apartments.
t
Combinationsalsb vary in their d-egreeof familiarity-from well-known,
lexicalizedterms(e.g.,"apple pie") totnovelplirases'coined
by eccentricwriters. (For eiample, the counterculturearithorRichardBrautigan,1967,titled the
last chaptei,of Trort Fiihing in'Ameritia,"The MayonnaisbChapter,"a reference to.the.fact-thar ihe chapderend6dwith the word "mayoniaise.")It is
,assumedthat novel terms are interprejed
by combiningthe rheaningsof the
_*
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individual constituentsto form'"anew meaning(Murphy, 1988).A lexicalized
oerm,on the otler hand, is assumedto be inteqiretedby directly accessin$is
meaning,rather than by deriving it from,the meaningsof its constituents.As
support for this claim, Lees (1968) suggestedthat as a combinatioh is frequently used in a language,it may lose componentsof its initial meaningor
gain aspectsof meaningthat are not derivable from its constituents.For example, the lexicalized term "marshmallow" originally named a t;r4ieof plant
that lived in marshes,then came to meana confectionmade from the root of
this plant and today meansa soft, spongyconfe'ctionmade of sugar and corn
symp, roastedover camp fires. Here, tle term marshmallowhas lost its initial
meaning(basedon the constituents"marsh" and "mallow") and gaineda meaning that is not evenderivablefrom its constituents.
Summary
.)
Takentogether,thesephenomenasuggestthat an'adequatetheory of conceptual combinationwill be rather complex. In noun-nounpairs, the predicate
noun can be related to the headnoun in arbitrary ways. Therefore,it doesnot
look promising that a theory can be constructedout of a set of.rules that maps
constituentsonto a small set of relationsbetweenthem. The theory must also
poitulate someway of choosingthe appropriatemeanirigsof constituents(i.e.,
fesolving lexical ambiguity) as well as the appropriaterelationsbetween.them
(resolving relational ambiguity). For combinationsthat contain more than two
constituents,
the theorymust have a mechanism,forselecting"whichconstitu=
ents to combine(i.e., resolving syntacticambiguity). Importantly,thesemechanismswill have !o interactwith thb contextsurroufrd.ing
a conceptcombination.
Finally, such a theory must also be able to representnot only the rich, internal
structure,ofconceptsbut the general,world kriowledgethat lies outside those
concepts,sincethis knowledgeis often usedto combinethoseconcepts.
tvt"oDnr,s oF Coxcnpruar,

CoMBTNATToN

In this section,we describetle representationar
and processing'assumpj
tions
of three models of bonceptualcombination.All of these models are
'intensional:
A combinationXr is formed by using representations
of X and y.
Thesetheoriescan be contrastedwith extensionaltheoriesof conceptualcombinAtion(e.g.,osherson& smirh, l98l;zadeh. 1965)in which a conibinationxr
is formed by intersectingthe sets of the memberscorrespondingto x and y.
Strongevidencesuggests
that the psychological"validity
of extensionaltheories
is untenable(e.g.,Osherson& Smith, 1982;Murphy,l9g9).
Theseintensionalmodelshave,focusedchiefly on the interpretationof
adjective-noun
compoundsand/ornoun-nouncompounds(dthbugh Smithet al.
have eitended'their model to account for adverb adjective-nouncompounds
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like "very'red apple"). We will restriit our evaluationof thesemoddls'to hbw
well how they account for the rangelof psychologicaifindings on adjectivenoun and noun-nouncombinationsthit were reviewed'in the first section.To
des'cribeeachmodel, we first'note 6"1*op" of combinationphenomenathat it
has.explicitly addressed,then discuss:themodel's representationof concepts
and the combinatcjrialprocessesthat it postulates.Finally, we summarizeevidence'forand againsttle model.
$
The Attribute Inheritance Model
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Hampton (1987) pioposeda mo6el for how,people interpret novel con-

junctive concepts,suchas machineveliicle,lool weapon,.andsport gamc.These
conceptsare a subsetof noun-nounccimbinations.As mentioned;the members
of both constituentcbtegories.So, a
of 'a Conjfnctive categoryare membeuis
member of the categorypet shark i3 boft a pet and a shark. Specificalln
Hampton'smodel hasbeenappliedto bonjunctiveconceptsof the form "X that
is a Y" (i.e., "pet that is a shark") rath'erthan conjunctivenoun-nounconcepts.
(It is not clear whetherthis syntacticdifferencewould significantly affect how
peopleprocessthe two typesof conjun'ctions.)
In Hampion's model, concepts:'arerepresentedas lists of independent
.
attributes, weighted by importance.As a default, a coirjurictive concept is
formed by taking the union of the attiibutes belonging to its cotistituents,and
reweighting them in the resulting cofijunctive concept,The weighted importanceof an attributefor the bonjunctit'econceptis a rising monotonicfunction
of the attribute'simportanceweightsSsociatedwith its constituents.There are
several casei in which an attribute 6f a constituentconcept will fail to be
inherited by the conjunctiveconcept.first, attributesthat'are true of one constituentbut impoSsibleor highly impla'lsiblefor the other will not b6 included.
For example,the attributs "is warm anh cuddly" which is generallytrue of pets
is a highly implausibleattribute for sniarks.Therefore,thJconjuncti"e concept
pet sharkwould not containthis attiibtte. Second,if ttre averageimportanceof
an attribute for"the constituentconceplsis low then it may be correspondingly
low for the conjunctiveconceptana fiit to be inherited.'Thfud,attributesfrom
eachcdnstituentmay be incompatible{orconfliit with eachother such that the,
conjunitive conceptmay containonetbut not both. So, "lives in a domestic
'the ocean" (for.the
environment" (for the constituenriet) and "lives in
constitbentslurk) are incompatibleand dnly one of them would be containedin
pet shark, Hamptonarguesthat ttre attribute that is cho3enis the one that is
most compatiblewith the other?ttribudesof the conjunctiveconceplIn addition !o theseattributeinh8iitancefailures,thereare also situations
that strongly predict that a attributewill be.inherited.Specifically,an attfibute
that is necessarybr highl| probable'fdi either constituentwill also be included
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sftarftsinceit is a necessaryor hithly probableattributeof shdrks.
Hanipton also hypothesizedthat a constituentof a conjunctive concept
would oftendominatethe otherconstituentin the sensethat it would havemore
salient and important featuresiAs a consequence,
combining the constituents
would result in a conjunctiveconceptthat includedmore importantattributesof
the dominantconcept.This hypothesiswas basedon'previousstudiesin which
Hampton(1988) not€d that constituentconceptsoften contributedunequallylo
the determinationof the typicality of items in their conjunctiveconcept.That is,
for somepairs of constituents,X and Y, Hampton(1988) found that the typicality of items !o the constituentX carriedmore weight in predictingthe typicality
of thoseitems to X tlat is a I thanthe typicality of thoseitemsto Y did. On this
basis,Hamptoncategorizeda numberof conceptsas dominant.
Evidencefor the Model
Hamptonobtainedevidencesupportinghis model from subjects'listings
of attributesand ratingsof their importanceIn general,attributesthat belonged
to (i.e., were rat€d as impd-itantfor) either or both constituentswere inherited
by the conjunctiveconcept,supportingtle model's assrlmptionthat a conjunctive conceptincludesthe importantatEibutesof its constituents.Not all attributes belonging to the constituentswere inherited by the conjunctive concept,
however.But, in mord than half of theseinheritancefailures,the atribute had a
low averageimportancerating for the constituentconcepts.Therefore,as predicted by the model,theseatfibutes shouldnot be inherited.
Hampton'alsoshowedthat attributesthat were necessaryfor defining a
constituentwere inheritedby the conjunctiveconceptwhereasthosethat were
impossiblefor a constituentwere not inherited.To show this, Hamptonclassified an attributeas necessaryfor a constituentif subjectshad ratedit as "ilecessarily true of all possibleexamples'of the constituent"and impossiblefor a
constituentif subjectshad ratedit as "necessarilyfalse of all possibleexamples
of the constitueqt."In virtually all cases,necessaryattributesfor one or both of
the constituentswere also necessaryattribulesfor the conjunctiveconcept.Impossible attributes'"forbne or both of the constituentswere also impossible
attribulesfor the conjunctiveconcept.
To investigatewhetherthe importanceof an attribute.in the conjunctive
conceptwas a rising function of its importancein each constituent,Ilampt6n
performedregressionanalyses..Ingeneral,a weightedaverageof the constituent scoresbestpredictedthe importanceof an attributein the conjunct.
Finally,^Hamptonshowedthat dominantconcepts'didin fact have more
attributesthat were important than nondominantconcepts.Furthermore,in regressionanalyses,the importanceof an attributefor the dominantconceptcarried more weight in predicting'theimportanceof that,attributein the conjunctive concept

254

EJ. Wisniewskiand'D. Gentner

I

Evaluationof thi Modil

I

,

Hampton's
*o.t t* shownoat Lttriuutelo"nn,n, a conjuncrive
concepr
are, troa large extent,reasonablypredidtedby:i model that specifiesthe inheritanceof attributesfrom the individualfconstitubntsof the conjunctiveconcepr.
Hampton has identified a number'ofipossible factors (incorporatedinto the
model) that determinewhich attributes',are
inheriredandrwhat,theirimportance
will:be in the.conjunctiveconcept,as tvell as rJtriltr attribuies*ill be excluded
in the cdnjun'itive concept.-Thesefaciors inchlde the necessity,impossibility,
and importance-of'the featuresin thb conCtiiuentsand the,dominanceof a
conCept;Given the predictive soccess,bfthe mlodel,future *ork mighrexplicitly specify the processesthat underly ihesefactois. Currently,such factors,are.
primarily determinedby subjective ritings. One example of an unspecified
prccess in the model'concerns inheritancefailures of impossible attributes.
Given an important attribute for one tonstituent, exactly what processdelermines ,that the attribute is impossible,iforthe bttrer conitituent, and thereforb
impossiblefor-the conjunctiveconcept?As anothereiample, subjectiveratings
deterrhinedominanceof one conceptwith respectto anotherconcept.What are
the underlyingreasons.forwhy a concdptdomiiates over another?
The most importantlimitation of ihe attributeinheiitancemodel is its lack
of generality.Currently,it only Appliesltoa verj small set of conceptualcombination phenomenaof the form, "X thit is alscia Y," where "X" and "Y" aie
nouns.Many - perhaps.most- nourf:noun,cbmbinations
are not conjunctive
(Murphy, 1988).For example,dog sle{s are sledsbut they are not ilogs, apartment dogs are dogs but not apartmenti,and so on. As formulated,Hampton's
inheritancerules will not correctly apply'to these nounjnoun concepts.FOr
example,in the caseof dog.sled, inhdritance'of necessaryattributespredicts
-that!'breathes"shouldbOan attribute$ aog sled (becausedogs must breath"e)
predicts that it should noi be
whereasnoninheritanceof impossible*attribute's
(because'sleds
cannotbreathe).Inherirdnceof riecessaryattributespredics that
"has walls" shouldbe an attributs of tpartment dog whereasnoninheritancebf
impossibleattributespredictsthat it shiould,notrbe,
and so on;'In general,nonconjunctivecombinationsare characteriz'ed
tiy attribute"inleritaf,cb asymmetry
betweenthe predicati noun and head iloun. Almost all of the attributesof the
combinationcomi from the head noufi: For eiample; the attributesof apartment dog arb almost all taken from d/g'just as the attributes from^dogbpart"ment are almosl all taken from apafiment. Therefore, feature necessityand
,J
primarily
rrrrl,vJJrurult
impossibility
uwPvrruD
uJ
rlvurr.
depends
noun.
vrr thehead
urv rrwg
on
Pr urr4
,
" :,Other researchsuggests'thatthe focus of combininf nonconjunctivecon- I
cepts.id ori ddtermininga plausible rilation detneen the constitrrcnts,rather I
than rin selectingattributesfrom thefcdnsdtuents.
For,example,slot filling I
(see
predii'i
pldusible
models
next section)would
thai a
meaningof apartment I
dog is "a dog that lives in apartmentsi fnis mehningcapturesa relation be- |
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tween the constituents,rather than an attribule that is inheritedfrom one or the
other constituent.It doesnot appearpossible!o extendthe attribute inheritance
approachto nonconjunctivecombinationswithout considerablealteration.
It is also unclear whether the model could be extendedto encompass
adjective-nounconcepts.One could'view many adjective-nounconcepts(e.g.,
blrc apple) as conjunctiveconceptsof the form "X that is a Y" (e.g., "apple
that is blue colored"). However, at least in some cases,it appearsthat
Hampton's model incorrectly predicts that the conjunct will fail to inherit
importantattribu0es.In the blue appleexample,it seemsobviousthat the attribute "has the color blue" shouldbe a salientfeature'ofblrc apple. However,this
attribute will be unimportantin the apple constituent(since almost all apples
arered, yellow, and green)and importantin the conceptblue.lf apple is viewed
as the dominantconstituent,then a weightedaverageof the importanceof this
featurefor the two constituents(giving more emphasisto the importanceof the
attribute for apple\ would predict that "has a blue color" will not be inherited
by bluc apple.
Also, certain adjective-nounconceptsare not conjunctive.As with nounnoun combinationsthat are not conjunctive,the focus of conceptualcombination is not on selectingwhich featuresfrom the constituentsbecomeinherited.
Considerthe combinationsquarebicycle.One might interpretthis combination
as a conjunctionof the form "bicycle that is also squareshape.d."However,our
intut"ionsuggeststhat this interpretationdoes not make sense(one could not
ride a bicycle that was literally square-shaped).
In contrast,comparethis combination to square Dax which probably does make sensewhen interpretedas
box that is also squareshaped.A moreplausibleinterpretationof squarebicycle
is "bicycle with a squareframe." In this case,the adjectiveapplies to part of
the,objectnamedby the headconcept.The featurehas a squareframe appea$
to be an emergentrather than inheritedpropertyof squarebicycle (seediscussion in last section).
SelectiveModification Model
Smith, Osherson,Rips and Keane(1988)proposeda model for constructing adjective-nounconceptsfrom individual adjectiveand noun concepts.More
specifically, it was developedto accounrfor typicality judgments involving
adjective-nounconcepts.The model hasalso beenapplied !o adverbadjectivenoun concepts(e:g., very red apple). In general,the model postulatesthat the
adjectivedirects the formation of the adjective-nounconceptby restricting the
filler ofa noun slot to the adjectiveconceptand by increasingthe diagnosticity
of this slot. To take a simple example,the adjective"green" would direct the
formation of the concept green apple by restricting the color slot of green
apple to the filler greenmd by increasingthe diagnosticityof the calor slot.5
The model has threemajor characteristics.
First, nounsand adjectivesare
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viewed as simple ftameswhich consisf'of the typical propertiesassociatedwith
their instances.For example,a frame fbr apple would contain typical properties
such as "has a round shape,""has a sinooth t€xture,'and "has the color red."
More specifically,the frame consistsof a list of slots and a set of fillers associated with each slot. Each slot.has a diagnosticityvalue and each filler of the
slot has a saliencescore.The diagnosticityof a slot meariureshow useful the
slot is in discriminating examplesof ithe categoryfrom examplesof contrast
categories.The'salience score of a filler of a slot reflects its subjective frequencyamongexamplesof the categorlias well as its perceptibility.For easeof
explainingthe model, the saliencescorbis viewed as the "numberof votes" for
a particular slot filler. Figure I (adapiedfrom Smith et al., 1988) shows examplesof the apple, brown, andbroih apple frames.Second,the model proposesa mechanismfor operatingon ab;ectiveand noun framesto producean
adjective-nounframe. The mechanisnioperatesas follows. The slots of the
adjectiveframe selectthe correspondihgslots of the noun frame. For each of
theseslots in the noun frame, there isian increasein the salienceof the filler
indicatedby the adjectiveand a decrdasein the salienceof other fillers (i.e.,
votes get shifted to the filler from thi other fillers). In addition, there is an
increasein the diagnosticityof the slod
'
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Figure I also illustratesthe operationof this,mechanismfor the frames
brown and apple. Here, the brown frame contains a single slot (calor) and it
selectsthat slot in the apple frame, increasingthe salienceof the filler brown
and the diagnosticityof the slot color, in brown apple,The votes for the other
fillers of color are shifted to the filler brown.Although the model is not stated
in theseterms, one can view selectionas slot filling. By selectinga slot in the
noun frame, the adjectiveframe essentiallyresricts or limis the slot 0ohaving
the adjectiveconceptas its filler.
The third characteristicof the model is a processfor computingthe typicality (or similarity) of an instancewith respect0o its frame, using a slightly
modified version of Tversky's (1977) contrast rule. According to this rule,
typicality is an increasingfunction of the votes for an slot filler that are common trothe instanceand frame and a decreasingfunction of the votes for a slot
filler that are distinct to the frame and distinct to the instance:
Typicality (I, D = E, taf, (I + F) - bq G - D - cf, (I - D
where / is the instance,F is the frame, i indexesthe slots,/ + F is the set of
votes of the slot fillers of slot i that overlap in the instanceand frame, F - /
designatesthe set of voles of the fillers of slot i that are distinct !o the frame,
and/ - F designatesthe set of votesof the fillers of slot i that are distinct to the
instance.The parametersa, b, c determinethe relative contributionsof these
sets.Figure 2 showsan exampleof how the typicality of an apple instanceto
the apple frame has been computed(a, b, and c all have the value l). In this
example,for the slot color, the instanceand frame have 25 overlappingvotes
for the filler red. The frame, in turn, has 5 votes for the filler green that are
distinct, and the instancehas5 votesof the filler redthat are distinct. Thesesets
are then multiplied by the diagnosticityvalue of the color slot. The equationis
appliedto the other slots in a similar manner.
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The selectivemodification modei was developedprimarily to accountfor
tipicality findings involving adjectivelnounconceps.As discuisedin the first
sectionof this .tr"pt"r, rh;;";;;rhl;-ila1or
finoings. The first finding was
the conjunctioneffect. In somecases,ihe typicality of an instanceto an adjec.
tive-noun cbncept exceedsits typicality to the noirri concept (e.g., a brown
apple is more typical of brown apple than of applel. The secondfinding is the
compatible-incompatibleconjunctioninect. That is, tlre conjunction effect is
greaterfor incompatiblethan compatitileconjunctions.So, the extent to which
'bltu
a blue apple is judged more typical of
apple than apple is greater than the
extent !o which a red apple is judged niore typical of red apple thanapple. The
third finding was the reverseconjunctidneffect. In somecases,the typicality of
a noninstanceto an adjective-nounconbeptis lessthan is typicality to the noun
concept.So, a blue appleis lesstypicaFofred apple than it is typical of apple.
The model accountsfor thesefiridings in a sraightfor*atd *ay. For example, !o account for the conjunctioli effect, consider the appte and brown
apple franes (shown in Figure l). Notice that both framesare identical except
for the color slot. This slot has beenniodified in brown apple (dwing conceptual combination)such that the numbdrof vores for the filler browi (i.e., its
salience)and the diagnosticityof the slot color aregreaterin brown apple than
in apple. Also, the votes for the other i-olor fillers are less in brown apple than
in apple. Note that more votes of the i.olor fillers for a particular brown apple
will matchthoseof brown apple thanatpple,and thecolor slot will havegreater
diagnosticity in''brown apple than in:bpple. Furthermore,more votes of the
color slot for the particular brown apfle will mismatch those of apple than
brown apple.Therefore,using the equationabove,a particularbrown applewill
be more typical of brown apple thanap'ple,As a'secondexample,to accountfor
the reverseconjunctioneffect, note thaf a particularbrown applewill mismatch
a highly salient filler (i.e., red) |n red apple and that this mismatch will oe'
increased(relative to apple) by the iicreased diagnosticity of color for red
apple. Therefore,the particular brownlapple will be less typical of red apple
than it will be of apple.
I
The selective modification moddl has also proposeda mechanismfor
combining adverbs with adjectives an]Onouns. In particular, the model has
examinedadverbsthat intensify or diminish aspectsof concepts.For example,
an adverblike "very" appea$to increadethe filler of a slot. In "very red fruit,"
"very" increasesthe rednessof red fiuit. Other adverbslike "slightly" and
"non" at'pear to decreasea slot's fiildr. In "slightly red fruit" and "non red
fruit," the adverbsdecreasethe rednesslinredfriit.In the model, theseadverbs
function as scalarsthat multiply the saiiencescoresof slot fillers. The adverb
"very" is a scalargreaterthan l, "slightly" is a scalar between0 and l, and
"non'.' is a scalarless than or equal to'O. For example,"very" would multiply
the votes for red in rbd apple by som0 scalar greater than 1. Thus, very red
apple would havemore voteson redthin red apple would.
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Evidencefor the Model
Smith et al. empirically testedtheir model by collecting data that allowed
them to derive the framesof various conceptsand o predict typicality ratings
of instancestio those ftames.They then comparedthe predictedtypicality ratings of the model with actualtypicality ratingsof subjects.
Specifically,Smith et al. had subjectslist slot and filler pairs (e.g., colarred) for various examplesof vegetablesand fruiS (e.g., onion, carrot, peach,
apple). Using thesedata, they constructedframes for vegetableand/rrit. The
nuinber of subjectswho listed a particular slot-filler pair was taken as the
salienceor numberof voles for that slot-filler pair in the concept.Diagnosticity
valuesfor eachslot were estimatedby measudngthe extentto which the fillers
of that attribute were associatedwith vegetablebut not fruit (or vice versa).
Smith et al. then calculatedthe typicality of the examplesto fruit, vegetableand
to the dight adjective-nouncombinationsof the four adjectives"red," "white,"
"round," and "long" with "fruit" and "vegetable."Next, they comparedthese
typicality ratings predictedby the model with ttrosegiven by anothergioup of
subjects.The predictedvalues were highly correlatedwith the subjectratings
for most of the adjective-nounconceptsthat were tested.
Smith et al. also calculatedthe model's typicality ratings of examplesto
adverbadjective-nounconceptsthat paired the adverbs,"very," "slightly," and
"non" with the adjective-nounconceptsabove,and comparedthem to subjects'
ratings.They generallyfound reasonablecorrelationsbetweenobtainedtypicality ratingsand ratingspredictedby the model.
Evaluation of the-Model
The selectivemodificationmodel hasa numberof suengths.First, it postulatesa clear,well-specifiedcombinatorialmechanism.Second,Smith and his
colleagueshave carefully testedthe model's predictionsby comparingthem to
psychologicalstudiesof how adjectivesand nouns are combined,as well as
how someadverbs,adjectives,and nounsare combined.
One limitation of the currentmodel is that in general,it cannotbe applied
to noun-nounconcepts.To understandwhy the model would have difficulty
with constructinga noun-nounframe from two noun frames,considerone of
the major processesin thb model: the slots of the adjective select the correspondingslots of the noun and modify them in the combination.To use one of
Smith et al.'s examples,in forming the combinationshriieled apple,the slotsof
the adjective shriveled (texture and shape), would select the corresponding
texture and shape slos in the noun apple. T\ese slots would (and probably
should) be modified in the sftriveled apple frame. If we apply an analogous
processfor combining two noun frames,the slots of the predicatenoun should
selectthe correspondingslots of the headnoun and modify them in the combi-
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nation. Clearly, however,many of thefslotsof the headnoun frame that correspond to those in the predicatenoun Shouldnot be modified. For example,in
dog house,likely correspondingslots rhightbe texture,shape,and size(to name
a few). We would not want the doglhouse frame !o contain dog's fillers for
'are
texture,slape, and size. Dog houses
not furry and shapedlike dogs, and
they are certainly larger than dogs.Ttius, it doesnot appearpossibleto extend
the selectivemodification model to nonun-noun
combinationswithout considerable alteration.
I
This limitation may not be not olverlyimporrantin evaluatingthe'model,
however.One might argue that thereis form-classspecificity in how concepts
are combinedand that the selectiveniodification model addresseshow adjective-nounconceptsare formed.Otherp?ocesses
are involved in noun-nouncombinations.This view is reasonable,giyen that the primary roles of adjectives
and nouns are different. Adjectives inherently are predicate terms whereas
nounsprimarily are usedas object refdens and only secondarilyusedas predicate terms.
I
More seriously,the generality of tne model's assumptionsabout adjective-noun combinationhas been called into question.First, the model assumes
that adjectivesand nounsare combin& using a closedoperation-an adjective
modifies slots within the noun or adds slots to the noun that are within the
adjective.Such an assumptionis contrbdictedby Murphy's (l9SS) finding that
subjectsjudged certain attributesrc bd considerablymore typical of adjectivenoun conceptsthan of either the nounJoradjectiveconceptalone.Theseresults
imply that suchattributesmay not be fresent in either the adjectiveor tle noun
concept but rather emergethrough afi interaction of the noun and adjective
conceptsand general, world knowledge. (Gentner and France (1988) found
similarresultswith noun-verbcombindtions.)
Second,the selectivemodificatiohmodel treatsthe attributesof a concept
as independent.Hence, it predicts thft modifying one attribute of a concept
should not affect other attributes.Ho#ever, recall Medin and Shoben'sfinding
that attributesin conceptcombinationi can be conelated(e.g., woodenspoons
tend to be large whereasmetal spoonsftendto be small). This finding suggests
that an adjectivemay affect more thanbne slot in a noun.For example, in large
spoon,"large" not only determinesft6 fitter of the size slot of spoonbut also
determinesthe filler of is made-ofslot. (Someof the Medin and Shobenresults
are open to an alternativeinterpretatioh,providedby Smith and Gray (1990F
seefootnote 3). Besidesthis specific finding, there is substantialevidencethat
relationsbetweenattributesare very i'iriportantand that in general,many concepts are best representedas havingfcomplex, relational structure (Genrneq
1975,1981, 1983,1989;Gentner& Clement,1988;Gentner& France,1988;
Goldslone,Gentner,& Medin, t989; Malt & Smith, 1984;Medin,Altom, Edelson, & Freko, 1982; Medin & Shobdn,1988; Medin & Wattenmaker,1987;
Murphy & Medin, 1985;Murphy & disniewski, l989ai 1989b;Palmer,1978;
I
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Norman & Rumelhart,1975\.
Smith et al. also note that the model does not apply to severalkinds of
adjective-nounconcepts.First, in somecombinations,the adjectiveindicatesa
slot that is normally not a slot of the noun. For example,"upside-down"cues
the slot orientation which would not normally be associatedwith /rzit. Thus,
upside-downlrmrcould not be formedby selectingthe appropriateslot in fruit.
Presumably,someadditionalmechanismwould add the slot to the noun (along
with its diagnosticity,values,and the valueslsaliences).Second,they note that
someadjectivescan havecomplexeffectson the nounsthat they combinewith.
For example,"fake' in "fake apple" leaves some slots of apple intact (e.g.,
slwpe, color) bat negatesothers(e.g.,taste,edibleness).In the next section,we
will makea relatedclaim that massnouns(e.g.,glass,chocolate)havecomplex
effects on their head nounswhen they play the role of the predicateterm in a
combination.
For all its admirableexplicitness,tle selectivemodification model does
not presenta completepicture of adjective-nouncombination.It may be more
accurateto say that Smith and his colleagueshave identified one important
processthat operateswhgn adjectivesand nouns combine.Namely, when an
adjectivecombineswith a noun, it may selectone or more slots of the noun,
changingtheir diagnosticityand the saliencesof their possiblefillen. It appears
that other mechanismsor representationalassumptionsare neededto specify
how generalknowledgeaffects the combinationprocessand how filling a slot
affectsother slots in the concept.There is somesuggestiveevidencethat selective modification may be a first stagein adjectiveand noun combination,with
other processesoperatinglater (Smith & Gray, 1990).
ConceptSpecializationModel
The conceptspecializationmodelwas explicitly formulated0oaccountfor
both the interpre[ationof adjective-nounand noun-nounconcepts.As with the
selective modification model, slot filling is an important mechanismin the
conceptspecializationmodel (Cohen& Murphn 1984;Murphy, 1988).Importantly however,the model hypothesizesa secondprocessthat operatesin conceptual combination.This process,called elaboration,is driven by people's
generalbackgroundknowledgethat lies outsidethe concepb being combined.
The model hypothesizesa richer representationfor conceptsthan the first two
models.
The formulationof the conceptspecializationmodel was influencedby an
AI model called KL-ONE (Brachman,1977: 1978; 1979).This model representedconceptsas structuredsetsof slots and fillers and it proposedslot filling
as one of the primary mechanismsfor combining concepts.(Brachmancalled
the mechanismslot restrictionrather than slot filling.) The conceptspecialization model also incorporatesthesecharacteristicsbut differs in that it is being
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proposedas a psychologicalmodel of tonceptualcombination.Therefore,some
characteristicsof the model reflect Rirdingsin the psychologicalliterature on
concepts.
I
In this model, a concept is a structuredset of slots. A slot specifiesa
default filler and a list of other possilile fillers that may fill the slot, weighted
by typicality. The slots are structuredrin the sensethat relationsbetweenslots
and betweenslots and their possibledillers are also represented.
Although this
aspectis not spelledout in detail, fillbrs of different slots may be statistically
correlated,and may havecausal,numdrical,functional,or logical dependencies
between them. Conceptsarc organizddinto hierarchiesand can inherit slots
from conceps higher in the hierarchy.l
Severalof the representational
ainects of the model are designedto capture concepttypicality. In particular,the possiblefillers of a slot and the subconceptsof a conceptare orderedby fypicality. The typicality of a subconcept
to is p-arentconcept(e.gl, the typicaliiy of robin to bird) is measuredby computing the degreeof family resembladce,after Rosch and Mervis (1975). According to Cohenand Murphy, family iesemblanceis calculatedby countingthe
numberof slots and slot fillers that a dubconceptshareswith the other subconceptsof the parent and subtractingthd numberit shareswith non-subconcepts
of the parent. Thus, subconceptsthatlhave many slots and fillers in coinmon
with eachother and few in commonwith non-subconcepts
will be more typical
of the parentconcept.
{
Conceptsare combined using altwo-stage process.The first procdssis
similar to that outlined in the selectivbmodification model. Here, a combination is createdby filling one of the slots of the headconceptwith the predicate
concept.For example,!o interpret ele'phantbox, one would fill a slot in box
(e.9.,a slot like contains';.with the predicateconceptelephant.So, elephantbox
might be interpretedas "a box that coitains elephants."Figure 3 illustratesthe
slot filling process for elephantbor. iThere are several ways of determining
which slot to fill. First, a predicateteim may be listed in the head conceptas
one of the possiblefillers for a slot. If, the predicateterm is a possiblefiller of
more than one slot, then presumablythreslot of which it would be more typical
is selected.Second,context (e.8., a dilbourse setting)can drive the slot-selection process,by activatinga slot in theiheadconcept.So, during a discussionof
washingand the mention of a phraselike "fingei cup," a slot will be activated
that reflects a "cup used for washing fingers" interpretationof finger cup.
Third, one may usegeneralknowledge'lodeterminettrebestslot. Especiallyfor
novel combinations,the predicatetermlmaynot be listed as a possiblefiller for
a slot and discoursemay be insufficient for selectingan appropriateslot.
The secondprocessis calledelafiorationand it involvesrefining and augmentingthe combination,irsing world knowledge(Murphy, 1988).This knowledgeis usedto infer other likely charaiteristicsof the combination.To continue
the example aboVe,one might reasodablyconclude that an elephantbox is
I
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ldrger than the usualbox and augmentthe combinationwittr this fact (probabiy
by filling thesizeslot of elephantbox with.large).One also might concludethat
an elephantbox,is sturdier.thanthe usual box and"thereforeis made of wood
rather than cardboard.In Figure 3; elephantbor has beenelaboratedto reflect
theseconclusions.Elaborationmay be basedon sometype of plausiblereasoning process(Collins,1978;Collins& Michdlski,1989).It may also involve recalling examplesof the headconcept.So, one might recall examplesof boxes
that containedelephantsand use,themto refine and augmeirtthe meaningof
elephantbox. Hampton(1985) calls this processextensionalfeedback(seealso
Cohen & Murphy, 1984).It involves accessingknowledgeof actiral objecs in
the world.

Elephant
'Filler(s):
Slot:
Color: Sray
Shape: elePhant-like
lar8B
Size:
Parts: tusks,bwrk...
Habital zoo, savarurah

'Bor.
Slot:
Filler(s):
Color:
bnovn
Shape: cube-like
Contairs:
Made-of: cardboard
Size:
rnsdium

Figure 3. Usin! slot filling and elaboration io combine cleplunt
the'concept specialization model.

Elephut,Bor
Slot:*
Filler(s):
Color:
brovn
Shpe:
cube.lite
contaiDs.-,;
large
Size:
Made-ot yood

and box ro form cleplnnt

box, in

Besidesthe processingassumptionsof slot filling and elaboration, the
model also assumesthat conceptualcombinationis typically asymmetrical:a
combinationof the form Xr is not at all the sameas one of the form Ifr. so, for
example,an apartrnentdogis not the sameas a dog apartment.
assumption
"This
hasbeenemphasizedin order to contrastthe model with exteniional
modelsof
conceptualcombination, in which an XY combination would be formed by
intersectingthe setscorrespondingto x and Y. By corirmutativityof set,intersection, this view wouldipredict that an aparffnentdog is the sameas a dog
apartment.The asymnietryof conceptualcombinationmay be due 0othe different roles that the predicateand headnounsplay (Gentner& France, 1988).In
an xY combination,the meaningof X is more mutable(becausfX functionsas
an operator)and the meaningof Y is more""btable
(since it servesto designate
the referentof an object). The reverseis true,for a YX combinatioh.Therefore,
the meaningof XI'will be different from IX
Evidencefor the Model
Murphy (1988, 1990) details severalstudiesthat provide supportfor"the
generalassumptionsof the model. one line of support for the use of, general
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knowledgecomesfrom a previoirsly
study suggestingthat features
appearih a"combinationwhich are ntt present'in eithef the adj&tive or noun
conceptsbrit which emergethroughah interactionof theseconcepts,mediated
by generalknowledge.In addition, Murphy's finding that irrelevant-adjective
noun conceptswere more difficult tolundbfstandthan relevant-adjectivenoun
conceptssuggeststhat one needsto-aicessconceptsoutsideof the constituents
(specif,ically,superordina0e
concepts)io unilerstandthe former. So, in trying to
understAndcold garbageone will not'.find an appropriateslot ih garbage,that
cold can fill (becausea slot like temberatureis not relevanl to garbage). Instead,one must-determinean appropriateslot via inheritancefrom one of the
superconcept
s of garbage.In contrast,Iunderstanding
cold beer shouldbe easier
becausesucha slot is representedin tlie conceptDeer.
Murphy's (1938) finding that a irelpful
'that context speedsup the interpretation of noun-nounconceptssuggests
cohtext may aclivate slots in a concept, thiis speedingthe combinationfrocess. Context may suggesta plausible
slof for the predicateterm, making thelcombination-process
easier.
Evaluarionof rheModel
"t,

{'
I

The concbpt specializationmodel provides a rinifying account of how
adjectiv6-nounand noun-nounconcefitsare interpreteit.In this respect,it is
more general than the selective modification model (which applies only to
adjective-nounconcepts)and-the attrjbute inheritancemodel (which applies
that are conjunctive).It is also
only to the small subsetof noun-nouhlconcepts
the only model that has attemptedto iccount for the importantrole.of context
in conceptual"combination.
f
On the dther hand,while the moilel's notion of world knowledge(usedin
the elaborationproieiss)seemsneces$urya capture'emeigentfeaiuresand'to
which slos tb fill, it is a v{'!ue principle. Murphy (1988) has noted
determine
'
that the'model refers to"people'skno&ledgein a ratheriunconstrainedmanner
and that its use of knowledgeis not Spelledout to any degree.Moreover,the
model has not been empirically evahiatedas carefully'as either the attribute
inheritancemodel cir the selectivemodificationmodel. Further developmentof
the model will needto take theseissudsinto account.
Nevertheless,the concept speci?tizationmodel is extremely plausible,
inOeeO,
we"suspectthat it is the defaujt model for combiningnouns.'However,
"
in the next section, we will argue thnatin some cases,it is necessaryto go
beyondthe model's processingand refresentationalassumptions.I{ particular,for nouns,the impcirtance
dtrite tne model assumesstructuredrepresentations
of such structurefor combining concdptshas not,beendemonstratdd;We will
'no-un-nouh
combinationsthis structut"ll*ni.n insuggestthat in a numberof
cludesrelationsbetweenslots) plays i u"ty important rble in the cbmbination
proces's.geliOes an emphasison sru6tured representations,
we wiil also sug-
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gest that a completemodel of noun-nouncombinationmust employ other processesbesidesslot filling.
Summary
We have describeda numberof modelsof conceptualcombination..It is
clear that no model is complete.There are two mAjor reasonswhy this is the
case.First, psychologicalresearchon conceptualcombinationis relatively recent comparedto work in otherareas(memoryretrieval,attention,structureand
processingof single concepts,erc). There is not yet a large baseof empirical
studies on how people combine concepts.We need to learn more about this
cognitive processthat peopledo naturally'andeasily.
Second,as arguedin the last section,any.completemodel of conceptual
combination.will have to be comfilicatedand extensive.The approachtaken in
all of thesemodels"isto carve out a piece of the problem and first attempt to
understandthat well.'In doing so, thesemodelshavemadea numberof implicit,
simplifying assumptionswhich make th'em incomplete at this point in.their
development.They avoid the probleni of."who modifies whom" by assuming
that combinationsare composedof only two constituents.The models also
implicitly assumethat it is clear which meaningsof the constituentsare being
combined (thus avoiding the problem of lexical ambiguity). The models also
limit the typesof combinationsthat they address.Smith et al.'s selectivemodification model has been applied to a subsetof adjective-nounconcepts.
Hampton'sattribute inheritancemodel has been applied to the subsetof nounnoun conceptsthat are conjunctive.Murphy's conceptspecializationmodel is
the most generalmodel-specifying how peopleinterpret both noun-nounanil
adjective-nounconcepts.However,the model has not explicitly addressedthe
importantrole of conceptualstructure(e.g.,relationsbetweenslots)in combining nouns.In the next section,we will'.suggestthat this structuresometimesis
involved in combining noun meanings.We will also describeother processes
besidesslot filling thaf operatenoun-nouncombinations.
How oo Pnoplr
-Wsar

Dnrrne Novrl CounrNlrroxs
rs l Powy Cnlln?

* In this section, we addressthe generality of slot fiiting in conceptual
combination.Our goal is to examinepeople'sdescriptionsof novel combinations to seehow well they fit this view. We are-especiallyinterestedin determining other strategiesthat peopleuseto combineconceptsas well as the kinds
of noun representations
thdt would be neededto accommodatethesestrategies.
As mentioned,slot'filling is a'major componentof both the selectivemodification model and the conceptspecializationmodel. The a'uthorsof thesemodels
imply that slot filling typically occurs when people combine concepts.The
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conceptspecialization
modelalso
a secondprocess(elaboratioh)that
follows slot filling. we will focus h{re bn noun-nouncoriceptsand will ilot
. In rermsof
.examinethe geneiality of the processlforadjeciive-nouh
"on"ipt to the concept
evahiatingthe two models,our dataai..emore directly applicable
specializationmodel (since it explicitly addresseshow noun-nounconceptsare
combined).
y
Assumptions add Phusibility or tnellot Fiiling process

t"
There are three underlyingassudrptionsinvolted in slot filling..First, the
processis applied to the head'concdptdnd to a slot ,that the head concept
con0ainsor can inherit from its supbiordinateconcepts.Second,the resulting
combinationXf is basicallyaY with air additionalrestiiction on one of its slots.
Third, the processinvolves restrictin!. the filler of the slot 0o the 'predicate
concept(ahd not other concepts).So,iwhenforming a combinationXY, people
restrict'thefiller of a slot in the headccinceptY to the predicateconceptX. For
example,considera very plausiblem&niirg of book box: "box that containsor
holds books." Assumethat the concefi box has a number of slots that'can be
filled by other concepts.When people'.interpreta phraselike "book box" they
search'for a slot in'the head conceptl'boi that can be filled by the predicate
conceptbook. ln this case,people intbrpret.bookbox by filling a slot of bo:
(that con-esponds
to "contains" or"'holds") with book. This slot is restrictedto
having b6ok as is filler. A book box i3 a box exceptthat it containsbooks and
not otherthings. (Of course,such a rdires6iation does.notrule out the possibility that a book box could contain'iotherthings."Wewill 'ignore this subtle
distinction,)
*
Intditively, it seemsthat slot filling is a very natural strategyfor combining concepts.There may be severaliedbonsfor why peopleprefer this srategy.
First, it allows one to usethe predicat{houn as a predicatewhile prese'rvingthe
integrity or cohesivenessof is meaning,as well as the meaningof'the head
noun. That is, slot filling may involvb mirtor adjustmentsto noun meanings.
Gentner(1981, 1982) has suggestedthht concretenouns,relative to other parts
of speech,have highly coherent,int0rnally constrainedmeaningsand that
people prefer 0o preservethose mean'ingswheneverthey cah. Simple nouns
typically fefer to objects in the world',and their meaningsincorporatea large
amount of perceptLalinformation tra-i is determiiredUi'ttrose oUjects.Other
paits of speech,est'eciallyverbs,are lLss tightly constrainedby the perceptual
world. As previouslynoted,verbsare fiore likely to changetheir me-anings
than
nouns (Gentner& France,1988).Al5o, comparedto nouns,languagesvary
more in termsof which meaningcompbnents'theyconflateinto verbs (Gentner,
l98i; 1982;cf. Talmy,1978).
f.
. Slot filling amountsto assertingd relation betweenthe headnoun and the
predicatenoun (erg.,"box that containrsbooks") and doesnot disrupt the basic
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meaningsof the nouns.Of course,slot filling may aller the meaningof either
noun to someextent.For example,assumethat "pear pie" means"a pie madeof pears" and that pear fills the nade-of slot ofpie. In this case,the predicate
noun "pedi" probably refers to sliced and pe€led pears rather than the typical
pear. As another example,the head conceptsoap in tank soap is probably
different than the typical soap (e.g., more abrasive,more concentraled).It is
likely that the meaningsof thesenounshavebeenaltered.Howeve4they probably retain enoughof their original meaningsso that people would aglee that
they still refer to pearsand soap.Later, we will presentexamplessuggesting
that this is not alwaysthe case.
Second,in terms of computation,slol filling may be an easier strategy
than others.In general,oneonly hasto checkthe meaningof the predicatenoun
rather than io,alter its structure.Specifically,slot filling may require that one
check whether the predicatenoun fis certain constraintson the slot. In the
example of pear pde,filling the nade-of,slot of pie with pear might involve
checking whetherpear ftts a constraint'bn the made-ol slot such as being edible.In contrast,we will suggestthat other strategiesrequire one to dismantle
and significantly alter the meaningof one or both nouns.That is, somestrategies involve najor adjustmentsto noun meanings.Presumably,these adjustmentsare more computationallycomplexthan thoseinvolved in slot filling.
Ax ExpnnrMENT
The study that we will ilescribe was largely exploratory in nature. We
were interestedin assessingthe generalityof slot filling as well as discovering
other combinatorialstrategiesand the correspondingrepresentationsthat they
operateupon. One way to examinesuch strategiesis to collect a large number
of descriptionsof many novel combinations.The obvious problem with this
approachis that one needsa way to meaningfullysamplefrom the hugenumber
of possiblenoun combinations.To introduce.someconstraints,we varied nouns
along threeconceptuallyimportantdimensions:predicateversusheadnoun position, artifact versusnaturalkind, and count noun versusmassnoun.
Intuitively, we also believed that nouns varying along thesedimensions
niight interactin interestingways when they werecombined.Theseinteractions
might result iri situationswhere slot filling *as more or less preferred as a
combinatorial strategy.For example, intuitively, the "predicate versus head
noun position" probably cues whethera noun is an operatoror a referent.gn
the other hand,count nounsand massnciuns"
may differ in termsof how natural
it is to use tlem as referentsand operators.Objecs (particularly artifacts) are
often composedof massquantities(e.g.,windows madeof glass,vasesmadeof
clay, etc). One usescount nouns to refer to such objects rathe; than the mass
terms of which they are composedof. Therefore,in a novel combination,one
might prefer'to use a codnt noun as an object referent and a massnoun as an
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operator.A massArtifact-countcombinationpreservesthe preferredroles of the
constituentswhereasan artifact-counVmass
combination violales those roles.
As a result, it might be more,straightiorwardto interpreta mass/artifact-count
combinationby slot fitUng rhanan dtiifact-counVmass
combinarion.In fact, in
the predicateposition, massnounsmiy functiori like adjectives,picking out,a
particular slot (i.e., composition)to f{1. On the other hand, subjectsmigtrt uSe
someother strategy!o interpretcountlmassterms (e.g., use the predicatenoun
as the referent and the headnoun as an operator).
We used three groups of nounl !o crea0ethe noun-nounphrases.One
group consistedof 10 count nouns afid a second.grouf consistedof. l0 mass
noqqs.A third groupof nounsconsistddof l0 count nouns,as in the first group.
*artifaqts
Half of the nounsin eachgroup were
and half were naturalkinds. The
three groups of nouns are shown in f;igure 4. To'form noun phrases,we first
paired each noun'from group.l with 6ach.nounfrom group 3 and paired each
noun from group 2. with each noun from' group 3. This procedureresulted in
200 pairings. It also resulted in a hibrarchy,of combination types, shown in
Figure S.'For each"pairing,we thenfformedthe two'noun-nounphrasesthat
were possiblg (e.g., for the pairing df "robin" and "clock," the two.phrdses
"robin clock" and "clock robin" werelpossible).This procedureresultedin 400
noun:nounphrases.Eachof 20 subjecfsdefined20 of thesenoun-nounphrases.

box
chair
Dan
ralr
vhrc

frog
moosc
tobln
skuik
tger

'

chY '
coDper
soJtdt
sbn6
augar

candy
chocohE
glasJ
DaPer
Dlastic

cleDt$nt
ttrh
Dony
fislrc

squinel

book
car .
clrick,
ladiler
peruil
1.:

Figure 4. The three groups of nouns used in the,'experiment.
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pansquurel

' box

snalc-candy
fbhsbm

car

Figure 5. A hierarchy of combination types (with examples of each type) used in rhe experiment.

had just heard a phraseduring a conversationand that they should think of a
meaningthat seemedmost natural to them. Subjecs were instructedto try to
arrive at meaningsthat were specificand clear and to define every phrase.
i

Generalitybf Slot fitling.

,

To look at the generalityof slot filting, wd askedtwo quesiionsabout a
descriptionthat would provide evidencefor rhd slot filling view. Thii first question was what is the referentof a subjecs' description:Slot filling predictsthat
the referentwill be a tyile of rhe head.concept.For example,.if a subjecr
describedbook box as above, "a box that cohtainsor tlblds book," then tlie
referent would clearly,be a type of box. ln most of- the subjects'descriptions,
th'ereferentcould be determinedsyn'uctically.Typilitly, as in this example,it
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is thefirst nounthatis mentioned
in tlresubject'sdescription.
However,this is
270

not always tle case.For example,cofisiderthe description for chocolatepony,
"a pony madeof chocolate."Syntactic'atty,
a pony is being described.However,
conceptually,the referentis not reallyla pony,but ratherchocolatein theslnpe
of a pony (accordingto our intuitions)l
fhg secondqueStionis whetherilt or part of a descriptioncan be characterized as Y slot-relation"X,_whereYiis the head concept,X is the predicate
concept,and-sloi-relationis somerelation being assertedbetweenI and X that
correspondsto a slot containedin thq;headconcept.The descriptionof book
box cin be characterizedas a'Y sloVrelation X ("box concainsbooks"). In
contrdst,a descriptionsuch as "squirrbl with a black sripe down is back" for
squinel skunk,cannotbe characteriz€din this manner,as no relation is being
assertedbetweenskunkand squirrel. Rather,it appearsthat a property of squir"$
rel is being assertedof skur*.
To addressthe first question(i.d., to determinethe referentsof the subjects' descriptions),we gave the deScriptionsto a group of .undergraduate.
judges. Each of 20 judges read half (100) of the definitions.For each description, they determinedwhetherthe refeient was a type of the predicateconcept,
a type of the head concept,both, or Someother object. Specifically,subjects
wereaskedto answerthe following eupstionabouteachdescription:

;l

What is the object that is being dlscribed?That is, what would be the
best namefor the object that-worildlet someoneknow what it really is.
For a given description,this procedurreresulted in l0 judgementsabout the
identity of the referents.
,
[
The referent of a description whs determinedby the consensusof the
judges. In general,the headnoun was[thereferent,as predictedby slot fillingl
The judges believedthat a majority ofithe descriptionsdescribedtypesor kinds
of the headconcept.Interestingly,hoviever,for 151,(39Eo)of the 400 descriptions, the head conceptwas not the referent.Two exdmplesof this violation
as "a chair that for necessityis usedas
werechair ladder, which was de-scribep
a ladder," andpaper eleplwnt, which d,qsdescribedas."paperin the shapeof an
elephant.-"(Noticethat in the both ca'i6s,the predicatenoun functions as the
referentand headnoun as the operator)Two examplesof descriptionsin which
the headconceptwasjudged as the referentwerb "a tiger that preys on horseV
ponies,etc" for pony tiger,and "glass-forholding fencils" for pencil glass.
To addies3the'secondquestion(i.e., to determinewhethera description
could be characterizedas a Y slot-reldtionX;, two graduatestudelntsfrom the
, University of Michigan rbad eachdefihition anOOecidedwhich of two catego.ries it belongedto. If a descriptioniniluded a relation bet*een the two gbj""tt
napeg in the phrase;it was placed.iii the relation category.Otherwise, the_
gave th.eratep,several dxam"ples
of
de'scriptionwas_categorized'as
.other.lWc

that were not from the
the relation dndother categories;
usihgdescripiions
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experiment.For example, they were told that "a factory that is smelly and
p(rcessesfish" belongedto the relation category,as it assertsa "processes"
relation between/actory andfish. As anotherexample,they were told that "a
dangerousman" belongs to the other category(no relation is being asserted
betweena pair of nouns).Also, somedescriptionsspecifieda relation between
the head and predicatenoun even though one of the nouns was not explicitly
mentioned.An exampleof such a descriptionwas "a tiger that likes to read a
lot" for the phrasebook tiger. In this description,a relation betweenbook and
tiger is srongly implied even thoughbook has beenomitted from the description. Judgeswere instructedto place thesedescriptionsin the relation category.
Note that this procedureprovides a liberal test of the generality of slot
filling. The ralers only determinedthat a relation was being assertedbetween
the head concept and predicateconcept.They did not have to judge which
relations.correspondedto slos containedin the head noun. This leads to a
generouscount, for it includesrelationsthat may not be part of the headnoun's
frame.For example,one might arguethat in the descriptionfor ladder skuftk,"a
skunk.,thatclimbs ladders," the slot being filled in skunk (i.e., climb) oiginatesin ladder. (Certainly,climbing is much more typical of ladders than of
skunks.)The procedurealsodoesnot distinguishthosedescriptionsbasedsolely
on slot filling from thosethat includedother strategiesin additionto slot filling.
The two raters initially agreedon 879oof their judgmentsabout the descriptions.Differencesin scoring were discussedand resolved.The raters
judged only 407oof the descriptionsas stating a relation. Ttvo examplesof
descriptionsthat were categorizelas relation were "a pan for frying fish" for
ft.sh pan, and "car made out of copper" for copper car. Two examplesof descriptionsthat were judged as other were "a squarebox" for box clock and "a
ladderwhoserungsare far apart" for frog ladder.
The resuls of theseanalysessuggestthat nounsare not always combined
by slot filling. Indeed,the majority of the descriptionsin our corpuswere not
classifiedas Y slot-relationX. An examinationof thosedescriptionsthat did not
conform to slot filling suggeststwo generalconclusions.First, there are other
important processesbesidesslot filling that are used to combinenouns.Some
of theseprocessesinvolve major adjustmentsto meaning(relative to slot filling). Second,someof theseprocessesoperateon noun representations
that are
morecomplexthan thosecurrentlyproposedin the literature.We will arguethat
noun representations
must include more than slots and fillers. Importantly,they
must includerelationsbetweenslots within a noun (i.e., internalrelations)as
well as relations betweenslots of different nouns (i.e., external relations). In
addition,fillers of slotscanthemselves
(i.e.,nestedstrucbe complexstructures
tures).Below, we describesomeof theseconjecturedprocessesand the representationsthat they operateupon. At this point, we will make no claim about
thet generality,exceptto saythat the noun-noundescriptionsthat suggestthese
processeswere not rare occurrencesin our data.
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As,we have suggested,
slot filltg is an exampleof a processthat preservesthe basic meaningsof the pred'icateand head nouns.The combination
that results from slot filling is a typg of the head noun witl some relation
(designatedby the slot) to the predicaGnoun. In general,this processdoesnot
significantly alter the meaningof eithdr noun.We will now suggestthat'many
of the descriptionsthat do not conforni'to slot filling reflect processesin which
only part a/ the meaningof the predicatenoun is involved in the resulting
combination.We will also suggestthlt under some conditions (for example,
often when mass and count nouns co'inUinelonly part of the meaningof the
headnoun is involved in the resultingiombination.
A large numberof the subjects'ddscriptions(approximately3OEo')
had the
form property Y or Y with propeity, where I is the headconcept(e.g.,"a large
frog",was the definirion for elephantfyog). In thesedescriptions,a property is
being assertedof the headconcept,rather than a relation between.thepredicate
conceptand the headconcept(as in slbt filling). That is, the predicatenoun is
not participatingas a whole in the resnulting
combination.It is not playing the
role of a slot filler. What role then iloes it play in such combinations?We
suggestthat the predicatenoun plays?atleast two other roles besidesbeing a
slot filler. First, in a processcalledproperty nwpping, theftller of a slot in the
predicate conceptis usedas a filler irijthe conespondingslot of headconcept.
Second,in a processcalled,structurelmapping,6the complex structureof the
predicatenoun guides the creation of.Xnewstructureor the transformationof
existing structurein the head noun. We illustrate theseprocessesusing some
e"amples taken from our data. Besiddpproperty mapping and structuremapping, we will also discusscomplexeffectsthat occur when massnounsin the
predicatepositioncombinewith counthounsin the headnounposition.

't

PropertyMapping

t

t'

To illusrratethis process,consideithe description,"a red snake,"t}tat was
given by a subject for robin snate.Thibdescriptiondoesnot fit the slot filling
view sincea slot in snakeis not beindfilled with the predicateconceptrobin.
(A descriptionfor robin snakethat would involve slot filling is "snakethat eats
robins"). Instead,it appearsttratthe filier red of the slot color in robin&comes
the filler for the color slotin snake,as illustratedin Figure6. (In this figure and
those that follow, we have added un'specifiedconnectionsbetween slots to
emphasizethe importanceof relations.)Here,the color slot of robin is'aligned
(or put into correspondence)
with thel'color slot of snake.The filler of color
(red) is then mappedacrossand becombsthe filler of the color slot in snake.As
in the standaraniernof slot filling, a slbt in the headconceptis affectedand the
I
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resulting combinationXY is basically a Y, with an additionalrestriction on the
slot. However,property mappingrestrictsthe slot to theftller of a slot in the
predicateconceptrather than the predicateconcept.Notice that this process
leavesthe meaningof the head noun basically intact. However, the prddicate
concept,contributesonly a small part of its meaningto the combination.
As described,one could incorporaleproperty mapping ino the concept
specializationmodel without altering the the model's basic assumptions.The
slot filling mechanismwould considerboth slot fillers in the predicateconcept
and the predicateconceptiself as potential fillers for headnoun slots. Moreover, the mechanismcould still operatesuccessfullyon a list of sloS and fillers

Robin
$ot:
Filler(r):
f-{ats:
lfoud:
l!=Parls:

(6r9ru
vorms
cbirps
beat, fmttrers ..

a\a
aa

a

Srale
Slot:
Filler(r):
rodenls
dau:
srrooth
lq$exture:

Robil Saale
Slot
Filler(r):
Color:
red

rodents
I+at6:
lpTexhre: smooth
l.!+a$s:
fangr,scala ..

:

Figurc 6. Using property mapping to combine robin end snakz to form robin snakc.

(the representationfor nouns that is emphasizedin the model) as long as an
alignmentof slots could be madeto guide the propertymapping.However,the
next processthat we consideris quite different from this augmenLed
view of
slot filling and requiresmore complexrepresentations.
Structure Mapping
We will illusnate this processusing threeexamplestaken from our data.
The first exampleis pony chair, which was defined as "a small chair." This
descriptiondoes not fit the slot filling view since a slot in chair is not being
filled with the predicateconceptpony. One might be temptedto classify this
descriptionas an an exampleof propertymapping.Here, the filler smcll of the
slot size in pony fills the size slot in chair, yielding the interpretationof pony
chair as a small-sizedchair. However, note that the typical pony is actually
larger than the typical chair. If one literally interpres pony chair as a chair
similar in size to a pony, then paradoxically,a pony chair will be larger than
mostchairs!
The resolutionrestson noting that "small" is a relative adjectiveand that
ponies are small relative to other horses.We suggestthat pony chair literally
meansa chair that is small relative to other chairs. How then were pony and
chair combinedto yield this meaning?To ifiterpretpony chair in this manner,
we suggestthat the representations
of ponytandchair must be more complex
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relation (i.e., less-than)betweenits stlzeslot and the sizeslot of horse which
representsthe fact that ponies are snlall relative to other horses.To combine
pony andchair, a similar relation is cieatedbetweenthesize slotof pony chair
and the size slot of chair. The relatioh representsthe fact that pony chairs are

Pony Chrir
Slot

Filler(r):

Slot

Cobr:
TdtE!:
Fnd:

bron, tzhib,
firrt
Drght

cobr:
Tertur:T?:(t[E:::l!l.ilc-od:J I
IrcaIDn:
I
i'zc: -

Slot:

Fitler(r)

Color:
T'ItoI!:
Sourd:
Habilat: -1
S:c.-l

trctra,
fury
n Cht
farm,rrmlt.
6 <l-

Slot:
$lor:

Horre

Filler(r):
bIDwIr,bbk, Un...
.**'
rmmth
vood, nrGl, plarrfo..
livlrg rEm. kibhrn
2

Cheir

Figwc 7. Using structure mapping ro combine

Tertrt:=raxnuE:=h
Md.{f:J
I
Lmton:
I
Sipc: -J

jony

Filler(r):
brovrr,
bbk,6n...
trlooth
trlooo
vmd, rlrbl, Dlrrr$..
[l,'lng rDom,llthon
3

and clrair to fomt pony chair.

small relative to other chairs. This dxample illustrates a structure mapping
which involves aligning (or putting into
ifto conespondence)
correspondence)
the
rhesize
sizeslot of pony
with the size slot of pony chair and tlie size slot of horse with the size slot of
chair (see Figure 7). Then, a less-thaftrelation is mappedacrossbetweenthe
sizeslots of pony clnir and chair,leading to the notion of a small chair.?
Thereare severalimportantdiffd"rences
betweenthis processand thoseof
propertymappingand slot filling. Firsi, neitherthe predicateconceptor a filler
of one of its slots functionsas a slot filler. Rather,a structural relation between
one of its slots and the slot of anothbr (closely associated)item guides the
creation of a new, similar structuralr6lation in the head concept.Second,the
processoperat€son and createsrepreientationsthat are more complex than a
list of slos and fillers. In this examfle, the representations
include relations
betweenslots of different concepts(i.e',,externalrelations).
A secondexampleis snakeg/als, which was describedas a "tali, very
thin drinking glass." Once again, thisr de'scription does not fit the slot filling
view, How then were snake and g/css tombined? First, note that a snake glass

resembles
the shapeof a snakein soriieway.We suggestthat in general,the
I

l
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shapeslot specifiesa complex structurethat relatesvariousaspectsof shapeto
eachother (cf. Palmer,1975;Marr & Nishihara,1978;Biederman,1985).In the
conceptsnake,this structuremight (amongother things) indicate that the typical snakeis much longer than it is wider. In the conceptglcss, this structure
might (among other things) indicate that ttre typical glass is somewhattaller
than it is wider. In this example,we believe that the shapeof glassis modified
in a way thatis analogousta the shapeof snake.Just as a snakeis much longer
than it is wider, a snakeglassis muchtaller ttranit is wider. Figure 8 outlines
how structuremappiirgmight operateto producesnak glass.Notice the various parts of structurethat have been aligned (e.g. the length slot of snakehas
beenaligned with the height slot of glcss.) The processresultsin the height of
snake glassbeing increasedrelative to its width. Unlike the exampleof pony
chair, existrng structurein g/ass is being transformedto create snake glass

Shape:lengthy-q
widrh z-lJ
heightx-l

Shape: lengthy-2
tlwidth z-Z
l-heightx-2

Figurc 8. Using structure mapping to combine sna b md glass to fotm snakt glass,

rather than new structurebeing added.on the other hand, interpretingsnate
glcss in the mannerdescribedmight result in the new knowledgethat snake
glassesare longer than typical glasses.Therefore,one would need !o augment
snakeglass with a longer-thanrelation betweenthe tength slot of snake glass
and the length slot of glass.(i.e., an exlernalrelation).
A final exampleis ladder rake which was defined as "utensil which is
elongatedso as to use0oreachhigh places."As in the examplesbefore,this description is not a caseof slot filling. we presentone possibleinterpretationof
how ladder and rake are combined.First, assumethat the function of 'Iadder
rake actvally sharesaspectsof both the function of ladder and of rake. Like
ladders,ladderrakesare usedto reachhigh places.Although not specified,one
might als6 surmise that they are used to collect or gather things from high'
places,thus preservingaspectsof the function of rakes.Figure 9 sketcheshow
Iqdder andrake might be combined.Notice that the fillers of thefunction slots
point to complex structureswhich we have representedusing notions derived
from case grammar.To combine ladder and rake, the function of ladder is
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alignedwith thatof rake.T\e

of ladder rakc is createdby modifying
the function of rake. Specifically,ttreiilers of thesource anddestinatlonslots
of thefunction of ladder are mappedabrossand becomethe fillers of thesource
anddestinationslots of thefunction oi rake (seeFigure 9). As h result, a ladder
rake hasa function that is similar to th'atof a rake exceptthat one usesa ladder
rake o rake in a vertical direction rath6r than a horizontal direction. Notice also

Slot

Filler(r):

ShD.: -l
Cobr:
I
Mdlof:.:tl
FuErb[L_l

IfitgtHft..
t@r:r
nEd, lrtl

Laddcr Rrtc
$ot
Fillor(c):
shF: -l
Cobe
I
Dtdr-o(: -tl
FuElbs: lJ

L.oSlDFt6fi.
tmrr!
rrooil, rrttl
oF$Z

:

R,

Climbing

|*""t

Slot:

Filler(s):

toulpt:
daJt:
lnE

cb$ Dbo(rtr(F
torlbr Dlac?(*rt)
hldcr-

(

Rafing,

Slot:
I Filler(r):
.t{r[l:
I I I|crn
'souIcc:
.ilrrt
cle place(horlr.)
.inrtc
ttt

Slot:

0tcnt
sourc:
ilalt
iltrl

Filler(rl:
I tbrrbr 9kt(wn,
I cle phr4v!n.)
llfCuntc

(str rrl uratransforrmtlon)
Figvc

9. Using

structure

mipping

to cqnbine

I
liiler

and rakc to form lailer

rakz.

Y
that the filler of theslnpe slot of Uf,au rake isdifferent from that of rake
(ladderrakesare longer than rakesbec'ausethey are usedto reachhigh places).
The changein the slwpe slot is an eiample of interactingproperties(srie the
first section).In particular, thefuncddn ud slwpe slots must include relations
betweenthem that capturetheseinteractions.
A variation on the structue-madpingprocessis that a slot that is filled
may actually be one that is inherited,by the head conceptfrom the predicate
concept.Two examplesareclock rlgei which was defined as "a tiger that can
tell time" andponylrog which was d'bfinedas "a frog that is trained to ride
ponies." In both of these(somewhats'trange)examples,ttre relation being asserted is strongly associatedwith thelnredicateconcept rather than the head
concept.Theseexamplesillustrate strircturecreation as a novel slot is being
addedto the headconcept.
It
I
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Complex Effects of Mass Tbrms
Mass,terms oflen refer to substancesthat things are made of. For example,the massnoun "glass" refers !o a substancethat many objectsare made
of-windows, vases,bottles,plates,andso on. Therefore,peoplemay be biased
to interpret a combination of the form mass term-count term as naming an
object that is madeof the massterm. In fact, accordingto our judgment, 59%
(59 out of 100)of the descriptionsof mass-counttermsdescribedan object that
was madeof that massterm. Someof thesedescriptionsexplicitly statedthis
relation, as in "a clock made out of coppe.r" for, copper clock. Otbet descriptions were lessexplicit, as in "s0atuenfor stonesnakz.
However,it also appearsthat interpretinga combinationin this manner
hasimportanteffectsbeyondjust indicatingthe compositionof an object.These
effectsare related!o semandcdifferencesin the headnounsthat we usedin this
study.Recall that a headnoun was either an artifact or an animal natural kind
(see Figure 5). In general,an artifact can be madeof a variety of substances
(often namedby massnouns)whereasa given animal is generallybelievedto
be composedof one kind of substance.One can often assertthat an artifact is
made of a variety of different substancesand still preservethe identity of the
artifact-what appearsimportant though is that the function of the artifact be
preserved(Gelman,1988;Keil, 1986; 1987).A plate for example,can be made
of wood, metal, plastic, glass,and so on, and still be a plate (being made of
doesnot affect its function). On the other hand,a dog can't be
suchsubstances
madeof wood or plastic and still be a real dog.
This differencebetweenartifactsand animalssuggestdiffrJrentconditions
under which head nouns will lose their referentialpriveleges.When a massanimal term describesan object made of the mass term, the referent will be
some object other than the animal. For example,the descriptionof chocolate
snake('chocolatein the shapeof a snake")namesan object that is madeof the
mass term.,The referent is also the mass 0erm("chocolate") rather'than the
animal ("squirrel"). In this example,the headnoun has given up its referential
privelegesto the predicatenoun. Of course,squirrel still confers ils shapeon
the referent.(In fact, in manycontexts,slape may be an importantpropertyfor
determiningreference.Even though the head noun loses its refefential priveleges,it may in a sense,"effect a compromise,"by contributing an important
propertyfor determiningreference.)
In contrast,one can usually intepret a mass-artifactterm as an "artifact
madeof mass!erm" if doing so would preservethe artifact's function. In these
cases,the artifact retainsits referentialprivilegesas the headnoun. However,if
sucha descriptionwould fail to preservethe artifact's function, then the referent will be some object other than the artifact. Two examplesfrom our data
illustrate thesedifferent cases.The referentof clay ladder ('a ladder madeof
clay") was judged to be ladder. this descriptionalso appears!o preservethe
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function of ladder-i.e., one could usi a clay ladderfor climbing. on the other
hand, the referent of candy ladder ("d long strip of candy") was judged to be
candy. It appearsthat function of ladder would not have been preservedif the
term was literally interpreledas "a hdder madeof candy.,,
As evidencefor thesehypothesesr,
recall that there were 59 descriptionsof
mass-counttermsthat referredto objec]smadeof thosemassterms:27 of these
descriptionsinvolved mass-animalter'msand 32 descriptionsinvolved massartifact lerms.A group of undergraduabluageshad determinedthe referentsof
thesedescriptions.In 96% (26 of 2l) citthe mass-animalterms,the animal term
failed to retain irs referenrialprivilegel rn 66% (21 of 32) of rhe mass-arrifact
terms,the artifact retainedits referentilalprivilege. For the rirass-artifactterms,
we havenot systematicallyevaluatedShetherretainingversusgiving up referential privilege correspondsto preservingversusviolating an ob.lect'sfunction.
However,in thosecombinationsin which the artifact tcrm gave up its referential privilege, it did appearthat inter$reting them as "arrifact made of mass
term" would haveviolAtedtheir functicins.
tl

Suu'rvranv

I

Thesepreliminary results rugg"rt that there may be a variety of mechanisms that operatein conceptualcomtiination.Although we did find evidence
for slot filling, it was by no meanstlie only strategythat people used. Most
notably, anothervery common st ategf was aligning the structuresof the two
nounsand mappingpart of the predicdtenoun's structureoirto the structurein'
the headnoun. Either a filler from the lredicate noun was mappedto fill a slot
in'the headnoun (propertymapping)or,a relationbetweenslos in the predicate
noun (or betweena predicateslot and a[slot in a relatedconcept)was mappedto
the head noun (structuremapping).In[either case,the predicatenoun is (in a
sense)dismantled:insteadof filling a Slot in the headnoun it yields part of its
meaningin forming a combination.Fihally, we also shciwedthat people combine massand count terms in complex'ways.They often inlerpreta mass-count
phraseas naming an object whosecorhpositionis indicatedby the massterm
but whosereferentis not alwaysa typelof the headconcept.In particular,if the
headnoun namesa naturalkind, it will lose is referentialprivelegesalthoughit
may contributean importantreferentialfproperty(i.e., its shape)to the combination. If the head noun names an artifact, it generally retains its referential
privelegesunlessthe compositionof the combinationviolates the function of
the artifact.
I
One possibleobjection to the presentstudy is that we collectedjust a
single definition for eachcombinationhnd that our resultsreflect idiosyncratic
respondingin our subjects.For examplL,if we askeda large numberof people
what a pony robin was, would the majority hctually respond"a robin with a
tail:' (as the subject in our experimentl"did)?Probably not. Ilowever, while a
t
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.descriptionfor a given combinationmight be idiosyncratic,the different strategies disc-ussed
ab<ivewere not rare occuirences.For example,property mapping
and structuremappingwerc commonstrategiesacross'subjects.
- "A secondpossibleobjection is that our results are basedon unusualor
evenbizarrenoun-nouncompoundsthat one rar6ly'enlbuntersin typical natural
langnagecontexts.For example,how oflen does one encounter,aphraselike
"chair potry," consistingof a naturalkind and an artifact?We have two answers
to this objection. First, individtul constituenisof the compoundsare not'un:
usual. Therefore;studying how meaningsof common words interact (even if
their occurringin the samecont€xtis unlikely) could shedlight on the natureof
the meaningsthemselves.We believethat conceptualcombination,like analogy
and metaphor,forces words to reveal aspectsof their meaningsthat may not
becomeapparentin more usualcontexts;In fact,'the interactionsbetweenword
of individual constitu"meaningsthat we found suggestthat the representations
ents needto be structuredand complex. Second,a numberof the combination
typesthat we usedin this experiment(seeFigure 5) do appearin our language,
,asindicatedby lexicalizedentriesin the dictionary.Someexamplesof naturalkind pairs include: tiger salamander,sparrow hawk, moosebird, dog salriron,
and gopher snake. Natural-kind artifact pairs include: whale boat, monkey
jacket, book scorpion,carpetbeetle,'andolster rake.Artifact natural-kindpairs
includb: trumpetflower, guitar fish, chimneyswallow,rizor clam, and pill bgS.
Mass-countlerms inchide: paper knife, clay pigeon, slone fln coal fish, and
plastic bomb.
The findings raise a numberof interestingissues.For e:iample,we have
suggeSted
that slot filling is the default strategyfor combiningnoun meaninis.
An obvious question is when do people.adoptother strategieslike property
mapping and structuremapping?At this point, we can only speculateon the
answer"tothis qdestion.We can think of at I'easttwo conditions which might
promote the use of property mapping and structuremapping.First, the more
similar two objects are, the easierit should be to map propertiesor structures
. from one object !o tlre other. In this context, similarity specifiesthe degreeto
which one frame can be aligned with another.In a combinaiionsuch as zebra
horse, high similarity may bias peopleto map propertiesfr6m zebra ta horse.
Informally, when askedto describea zebra horse, penpletypically respohded,
'"a horse with stripes" (which is
an exampleof property mapping).Although
high similarity may facilitate the mapping of propertiesand structure,people
may still interpret some combinationsby slot filling. For example,two vbry
plausible
'(propertydescriptionsof dolphin shark arc "shark with a dolphin-like nose"
,
mapping)and "shark that eatsdolphins" (slot filling). It may Ueitrat a
highly salient, plausible relation betweentwo objects can override mapping
processes.
.
.
A secondcondition which might encouragemappingprocessesis the difficulty of finding a plausiblerelation betweenobjects.'As a result, peopleare
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not able to meaningfullycombinenci[ns Uy
filling (their default strategy)
"slot
and must consider other strategiesrFor various reasons,a plausible relation
betweentwo objects may not exist. Factorslike high dissimilarity of two ob- 'j'
jects and their low co-occurrencein the environmentmay rule out such'a rela- tion. This condition may apply r9+" of our examplesof strucruremapping
-to
,
(suchas snake glassandpony chair).\
.
There are many other interestihg questionsthat futue researchmight
address:For example,at somelevel, dan we reiiably predict the meaningsthat
subjectswill constructfor, novel comtrinations?Can we reliably predict which
combinationsare moie difficult to unherstahdthan others?Are somemeaniirgs,
of novel combinations"better than ot}r'brs'!(asjudged by subjects)and why? At
this time; we havelittle to say abouttheserissues.'The
major goal of the current
work hasbeen.todeterminethe stratejiesthai peopleuseand tle natureof noun
representations
requiredfor tlose stratbgies.Oncewe havea betterappreciation
of thesCissuOs,we can'beginto addre$sthe more difficult questions.
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I We use italics to indicate coiiceptsbr parts of coricepts,and reserve
'
quotesfor the words that ddnotethosdconcepts.
2 We use the terms "head concblt"'and *predicate"conceptto capturean
irhfortant foint: First, is disiusse'dtielow, a nbun-nouricohbination of the
form'Xy typicaliy'refers.n aY andhot an X - e.g., a dog apartinentis an
apartmbntdnd i,ot a dog. Therefoib; i ceterminesmore oi the meaning'ofXI.
In this sense,I is the head or main $1cept. In fact, one can view conceptual .!
combinationas an ati,stiactfunctionX(Y) in which X actsas an'operatoron Y. [n
this sense,it i5 a predicate.
t
3 There are h number.of i;ubtldti.esabout framesand frame instancesthat i
"t
we'will ignore in thii paper.For exaniple,the semanticsof fillers are different
in frame! and-frameinitances.In a frdme instance;a slot and its fillef specify a
iact that is actually true of a partic'ular,object. So, (robin'I7 color red-13)
roughly ineansthat the color of a pditibular robin is a particular'red. (Here,
numberi are alipendedto robin and reb to distinguishthem:fromother instances
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of robins and their instancesof color.) In contrast -a slot and filler of a frame
specify a default fact about an object. So,.(robincolor red) roughly meansthat
the color of robins is typically red
a Smith and Gray (1990) provide an alternatirieinterpretation for some of
thesefeatureinteractions.Specifically,they suggestthat peoplealreailymay be
familiar with sorile combinationsand that feature interactionsdo not resrilt from
a combinationprocessbut ratherfrom experience'withexamplesof the familiar
combination.So, peoplemay alreadybe familiar with the combinationwoodcn
spoon,and may haie acquiredtheir belief that'wooden,spoonsare large from
experiencewith. examplesof wooden spoons.In this view, knowledge that
woodenspoonsare large is not derivedfrom combiningwoodcnand spoonbut
ratler from examiningexamplesof woodenspoonsafter the combinationproc*
ess.
5 While acknowledgingthat their'representationsare much like.frames,
Smith et al. actually use the termsattributeand value for slot and filler and the
tenn prototype for ftame.
6 Structure mapping is the mapping of relational structure from the predicate noun's meaningto the headnoun's meaning(as in Gentner's(1983, 1989)
discussionof analogy)
7 We have assumedthat the meaningof pony.wasaccessed.inorder !o
interpret pony chair as a small chair. It is plausible that one may have accessed
the meaningof pony &eg instead.Nevertheless;we would claim that similar
processingand representational
assumptionswould still hold. The basic differencewould be that structuremappingwould operateon a relationbetweenslots
of pony keg andteg insteadof betweenslots of pany.andhorse.
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