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Conceptual Combination:

Possibilities and Esthetics
Edward J. Wisniewski

uch of language understanding involves combining concepts into
z=m€, coherent representations, as in understanding a sentence. In
cognitive psychology, there has been much recent interest in one particu-
lar aspect of conceptual combination: how people interpret novel
noun-noun combinations.! For example, one might interpret frog bowl as
a bowl for housing pet frogs. People create novel combinations in order
to specify referents of discourse contexts and to extend the vocabulary of
their language (Downing, 1977; Gerrig & Murphy, 1992). Besides their role
in language, the study of novel combinations can inform theories of con-
cepts (Hampton, 1987; Markman & Wisniewski, in press; Medin & Shoben,
1988). For exampile, studies of conceptual combination have identified

1 thank Doug Medin and Tom Ward for trenchant comments on a previous draft and Bob Dylan for pro-
viding some of the inspiration.

'Many combinations involve more than two nouns (e.g., FBI shoe print expert). Although researchers typ-
ically have not examined these combinations, the metivations for their use and the processes involved in
understanding them are probably similar to those involved in understanding noun—-noun combinations.
On the other hand, multiple noun combinations introduce other ambiguities into understanding such as
determining which noun modifies another. Whereas the leftmost noun typically modifies the rightmost
(head) noun in a noun—noun combination, this generalization does not hold for multiple noun-noun
combinations. For example, although shoe modifies print in FBI shoe print expert, FBI modifies expert.
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ways that prototype theories need to be extended (Medin & Shoben, 1988)
as well as differences between the conceptual structure of superordinates
and basic level concepts (Markman & Wisniewski, in press).

In general, the creation of new concepts by combining existing ones
is a powerful and common way of expanding knowledge. For example, a
recent newspaper article used the phrase car boat to refer to a new kind
of boat that is also a car. Such a phrase provides access to a wealth of in-
ferences that one can reasonably draw about this novel entity that do not
necessarily need to be empirically derived. There is also a sense of cre-
ativity in bringing together disparate concepts to form new concepts that
people readily understand (e.g., as in the use of boomerang flu to refer to
a flu that goes away and comes back, or bait car to refer to a car that is
used to catch carjackers). However, in psychology, formal models of con-
cept learning primarily acquire new concepts by applying empirical meth-
ods to many examples of a category (Wisniewski, 1995). There has been
considerably less emphasis on how existing concepts are combined and
modified to produce new ones.

There are at least three levels at which one can understand concep-
tual combination. Marr (1982) referred to these levels as the computa-
tional, algorithmic, and implementational levels. The computational level
addresses both the goal or purpose of conceptual combination (why peo-
ple combine concepts) and what results from combining concepts (the
output of conceptual combination). The algorithmic level describes pro-
cedures for how concepts are combined to produce the output. Most psy-
chological approaches to understanding conceptual combination have
been formulated at this level (Cohen & Murphy, 1984; Heit & Barsalou,
1996; Martin & Billman, 1994; Shoben, 1993; Shoben & Gagne, this vol-
ume; Smith, Osherson, Rips, & Keane, 1988; Thagard, 1984). Finally, the
implementational level specifies how the algorithm is realized in a physi-
cal device, such as a human brain or a digital computer. These levels are
not independent and an explanation at one level can constrain that at an-
other level. For example, an algorithmic account of conceptual combina-
tion depends on knowing what the output of that algorithm should be
(an aspect of the computational level account).
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In this chapter, I provide a computational level account of conceptual
combination and relate this account to present algorithmic (processing)
level descriptions. One conclusion is that models fall short in explaining
the basic phenomena that characterize conceptual combination. Perhaps
of greatest importance, concepts change when they combine, and current
models do not go far enough in carrying out and representing this change.
Constrained by this computational level account, I then provide an algo-
rithmic level sketch of how concepts combine and change. This sketch
does not constitute a full-fledged model, and more empirical work is
needed to flesh out the details. However, I believe that my account is an
advance over current views and that it captures essential ingredients that
must go into a more comprehensive model. In particular, this account
highlights the importance of two additional processes (comparison and
construction) that have not been emphasized in the research on concep-
tual combination. Finally, I suggest that the interpretation of nominal
metaphors also involves comparison and construction processes. However,
psychological models of metaphor understanding emphasize one or the
other of these processes, but not both. A central theme of this chapter is
that conceptual change does not usually involve the straightforward trans-
fer of knowledge from one concept or domain to another. Rather, knowl-
edge in one concept guides the construction of new knowledge in another
concept. In this sense, conceptual change is creative in going beyond sim-
ple addition. This view is the rule rather than the exception. A funda-
mental challenge to models of novel language understanding is specifying
processes that use knowledge in one domain to construct knowledge in
another domain.

A COMPUTATIONAL LEVEL ACCOUNT:

WHY PEOPLE COMBINE CONCEPTS
Conceptual combination occurs in a communicative context and serves at
least three goals. First, people create novel combinations in order to des-
ignate significantly new categories: ones that have important, enduring
characteristics that distinguish them from similar categories. For example,
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in contrast to fish bowls and cereal bowls, a frog bowl is typically used to
contain frogs and may also have an island-like glass structure in its mid-
dle for this purpose. Second, combinations are often used to convey in-
formation in a concise and efficient way. For example, football parking des-
ignates an area for parking one’s car while attending a football game. Even
though this phrase is somewhat elliptical readers generally understand
what it means. Third, combinations function as anaphora in that they are
used to refer back to a previous referent in a discourse context. For ex-
ample, after describing a man who received the first artificial heart (Bar-
ney Clark), a speaker may use the phrase heart man to assert new infor-
mation about this man, and listeners can determine its referent and
construct its interpretation (Gerrig & Murphy, 1992). The use of anaphora
helps to link information to the appropriate referent and thus establish
cohesion in discourse contexts.

In achieving these goals, the speaker and listener implicitly assume
certain constraints on the production and interpretation of a novel com-
bination. First, the combination refers to a category that differs in some
way from other categories named by the (rightmost) head noun: Frog
bowls are different from other types of bowls. Second, the source of this
difference comes from the (leftmost) modifier noun: In contrast to other
bowls, frog bowls house frogs. Third, despite this difference, the referent
of the combination shares important commonalities with the head noun
category: Although frog bowls are different from other bowls, they are still
containers and shaped like other bowls. In general, these constraints are
consistent with basic goals of communication such as being informative
and relevant, and avoiding ambiguity (Grice, 1975; Wilson & Sperber,
1981).

It would appear that speakers and listeners adhere to these constraints
in producing and interpreting novel combinations. Imagine how bizarre
a novel phrase that did not follow these constraints would sound. For ex-
ample, suppose that skunk squirrel referred to any squirrel (violating the
first constraint) or referred to a special kind of squirrel whose specialness
had nothing to do with skunks (violating the second constraint), or did
not refer to squirrels in any sort of way (violating the third constraint).
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Why do people produce novel combinations that obey these con-
straints? Typically, people need to refer to changes in their environment:
a newly discovered disease, a newly created product, an important change
to something old. In general, people create change by modifying the fa-
miliar in small steps (leaving much constant), and they attempt to un-
derstand and refer to change by relating it to the familiar (Murphy, this
volume; Ward, 1994; Weber & Dixon, 1989). Using a novel combination
captures both constancy and change. For example, recently in a grocery
store, seafood sausage was used to refer to patties of ground up seafood.
In this case, people can use the concepts seafood and sausage and their in-
teraction to infer properties of sausage that are likely to remain constant
(shape, size, edibleness, method of cooking) and those that are likely to
change (composition, calorie level, cooking time).

In addition to explaining why people combine concepts, a computa-
tional level account specifies the output or result of conceptual combina-
tion. Determining what people compute when they combine concepts de-
fines the generality to be attained by a model. Furthermore, knowing what
people compute constrains a model’s processing assumptions. For exam-
ple, a psychologically plausible model should not compute things that peo-
ple do not compute (cf. Pinker & Prince’s, 1988, critique of Rumelhart &

McClelland’s, 1986, connectionist model of learning the past tense of En-
glish verbs).

A COMPUTATIONAL LEVEL ACCOUNT:
THE OUTPUT OF COMBINING CONCEPTS

One way to determine the output that results from combining concepts is
to examine individuals’ interpretations of novel combinations. In many
studies, I have asked research participants to assume that they have heard
a novel combination in a conversation and to describe its most plausible
meaning (Markman & Wisniewski, in press; Wisniewski, 1996a; Wis-
niewski & Gentner, 1991; Wisniewski & Love, 1996; Wisniewsk & Mark-
man, 1993). The combinations are novel in the sense that they do not oc-
cur as lexicalized entries in dictionaries and people have generally not
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heard or seen them before. In many cases they were created by arbitrarily
or randomly pairing their constituents, which generally produces novel
combinations. Although the combinations are novel, their constituents
name common, familiar things including human-made artifacts, plants or
their parts, substances, abstract terms, and events. In these studies, par-
ticipants typically proceed through the task at their own pace, writing
down meanings for 15 to 20 novel combinations. From these studies, I
have collected a very large and fairly representative set of interpretations
involving approximately 500 novel combinations with 10 to 20 interpre-
tations per combination (Wisniewski, 1995).

Kinds of Combinations

Analyses of these interpretations suggest that people combine concepts in
three basic ways (Wisniewski, 1996a). Two of these ways, relation linking
and property interpretation, are very common among novel combinations.
Relation-linking interpretations involve a relation between the referents of
the modifier and head concepts. For example, people sometimes interpret
robin snake as “a snake that eats robins.” In property interpretations, peo-
ple assert that one or more properties of the modifier concept apply in
some way to the head concept, as in “snake with a red underbelly,” for
robin snake. A third less frequent type of interpretation is hybridization.
These interpretations refer to a combination of the constituents (e.g., a
robin canary is “a bird that is a cross between the two—half robin and half
canary”) or to a conjunction of the constituents (e.g., a musician painter
could refer to someone who is both a musician and a painter). Note that
logically, there could be other kinds of interpretations. For example, a com-
bination could refer to a disjunction of its constituents. However, this com-
bination type and others do not appear (at least in English).

There are important conceptual distinctions between these combina-
tion types—for example, if one pictures a robin snake, interpreted by re-
lation linking as “a snake that eats a robin,” one sees a snake eating a robin.
However, in picturing a robin snake, interpreted by property construction
as “a snake with a red underbelly,” one sees only a snake (whose under-
belly has a color similar to that of a robin). There are also important con-
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ceptual distinctions between hybrids and relation-linking and property
interpretation types—for example, a robin canary, interpreted with a prop-
erty as a “canary with a red breast” or by relation linking as a “canary that
preys on robins” is a canary, but a robin canary that is a cross between the
two Is not just a canary.

In these studies, I have focused on novel combinations in contrast to
familiar ones (e.g., shoe box, bookstore) because it is more difficult to in-
fer interpretation processes from the latter. Meanings of familiar combi-
nations have often been modified or augmented after their initial creation
(Levi, 1978). For example, eggplant once referred to a small, white, egg-
shaped vegetable but now typically refers to a larger, purple, oblong veg-
etable (Elliot, 1988). Nevertheless, it is easy to find familar examples of
these combinations, and linguistic classifications of familiar combinations
are generally consistent with the claim of three basic types (see Wisniewski,
1996a, in press; Wisniewski & Love, 1996, for many familiar examples of
these types).

Similarity Effects

The similarity between the modifier and head concepts strongly affects the
kind of interpretation that is produced. In particular, a robust finding is
that combinations with highly similar constituents (e.g., robin canary,
magazine newspaper) almost always yield property interpretations or hy-
brids. My colleagues and I have obtained this result in many studies and
have never failed to replicate this finding (Markman & Wisniewski, in
press; Wisniewski, 1996a; Wisniewski & Love, 1996; Wisniewski & Mark-
man, 1993). In one study (Wisniewski, 1996a; Experiment 2), 92% of 320
interpretations of 32 highly similar combinations were interpreted using
these two strategies. For example, some property interpretations included
“horse that produces milk,” for cow horse and “newspaper with glossy ads”
for magazine newspaper.

When the constituents of a combination are not similar, people are
more likely to interpret the combination by relation linking (e.g., apart-
ment piano is often interpreted as “a piano found in an apartment “ and
cow cabbage is often interpreted as “cabbage eaten by cows” ). Also, when
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people do interpret dissimilar combinations using properties, their mean-
ings are more likely to involve emergent properties (i.e., properties not
represented in either constituent, Wilkenfeld, 1995; Wisniewski, 1991a,
1991b). People can be quite creative in this regard. For example, one par-
ticipant interpreted ant canary as “a canary with two feathers on its head
which look like antennae.” As another example, individuals sometimes in-
terpret rake pencil as “a pencil with multiple lead points.”

Referential Scope

The use of a novel combination indicates one or more new referents. In
many combinations, these referents are subsets of the categories typically
named by the constituents of a combination. For example, people might
refer to a kind of jar that is used to hold very small books as a book jar.
The books and jars referred to by book jar are subsets of the things that
one would typically name with the terms book and jar. In many respects,
this assumption is consistent with the goals of the computational level ac-
count. A speaker who uses the typical referent of a noun may be more
likely to succeed in conveying what he or she intends the listener to un-
derstand.

Nevertheless, people are more creative and flexible in their interpre-
tation of a noun’s referent. The potential referential scope of a noun is
broader. First, as implied by property interpretations, people construe the
modifier noun as referring to a property or characteristic of the thing
named by the noun rather than the thing itself. For example, a common
interpretation of skunk squirrel is “a squirrel with black and white stripes.”
In this case, the referent of skunk is one of its properties and not the things
that people call skunks. Second, people can treat a noun as referring to a
representation of a thing rather than the thing itself. For example, a not
infrequent interpretation of moose pencil is “a pencil with an eraser that
looked like a moose.” This interpretation refers to a representation of moose
rather than to a moose as in “pencil stepped on by a moose.” Finally, peo-
ple also interpret nouns as referring to things associated with a constituent,
such as something that is thematically related to the constituent. For ex-
ample, people often interpret tiger chair as “a chair made of tiger skin.”
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This flexibility is not a rare phenomenon and occurs in many familiar
combinations (see Wisniewski, 1996a, for examples). Furthermore, this
flexibility is evident in a major theory of metaphor understanding that as-
sumes that nouns refer both to things and to prototypical properties of
those things (Glucksberg & Keysar, 1990; Glucksberg, Manfredi, & Mc-
Glone, this volume). For example, in the literal statement “my job at the

jail,” jail refers to a jail, but in the nominal methaphor “my job is a jail,”
it refers to properties exemplified by jails such as “confining.”

Adopting this broader referential scope for a noun helps achieve the
communicative goals of conceptual combination: The use of novel com-
binations of familiar terms efficiently captures new situations. For exam-

. ple, using artist to refer to the works of an artist allows someone to use
the novel phrase artist collector to efficiently refer to a collector of the works
- of an artist (see also Nunberg, 1979). People almost always derive this
meaning in the absence of any context. Without this flexibility, people
- might have to use a longer and perhaps more awkward sounding phrase,
such as “the collector of the works of the artist” The use of these concise
 labels would not be possible if people could not flexibly expand the ref-
erential scope of a noun.

At the same time, this extended referential power has limits and is
constrained. In general, people construe a noun’s referent in only a few
basic ways, and the referents are conceptually related to the noun’s typi-
cal category. That is, the extended referential scope of a noun is limited to
a property, representation, or thematic associate of the typical referent of
the noun.

Conceptual Change

Conceptual combination is a process that involves conceptual change or
,Hmnmwnmmm:gaoz. For example, consider zebra clam, interpreted as a “clam

with stripes.” Combining zebra and clam produces a new concept that is
[ 4 modification of clam. What is the nature of that change? Of importance,
the meaning of the new concept zebra clam is not “a copy of zebra’s stripes,”
§ which has been added to the meaning of clam. Rather the stripes of a ze-
bra clam are shorter and thinner than those of a zebra, and they run along

59




EDWARD ). WISNIEWSKI

the outside of a clam shell and not a zebra body. In a sense, a property in
the modifier acts as a source of information for instantiating a new ver-
sion of that property in the head concept. The new version is constructed
to fit constraints specified by both the modifier and head concepts. For
example, the stripes of a zebra clam might show an alternating dark and
light pattern (as they do in a zebra) but they also might be shorter and
thinner than those of a zebra to be consistent with the size of a clam. This
example illustrates that combining concepts can go beyond the simple
copying of knowledge over from one concept to another. Instead, con-
ceptual combination is creative in that new knowledge emerges out of in-
teractions between different representations.

Of importance, this construction process is quite common. Many
novel combinations are interpreted in this manner (Wisniewski, 1996b).
It is also easy to find familiar combinations that refer to entities having a
property resembling but not identical to that of the modifier. For exam-
ple, the shapes of butterfly chair, butterfly valve, and butterfly clip are vari-
ations on the shape of a butterfly. Zebra mussel, zebra fish, zebra wood, and
zebra finch refer to objects with different variants of a zebra’s stripes. Ac-
cordion bag and accordian pleat refer to objects with different instantia-
tions of an accordion’s folds (see Wisniewski, in press, for other exam-
ples). Presumably, when people first coined these phrases they had to
determine that a property of the “object to be named” was related to one
of another object. For example, in wanting to create a new name for a
mussel with stripes, they had to determine that the stripes were related to
those of a zebra (as opposed to those of the American flag, a barber pole,
or a tiger). To see such a relation, people may have had to invoke the con-

struction process.

Summary

An extensive analysis of the meanings of novel combinations suggests that

there are three basic kinds of interpretations. The similarity between the

constituents strongly affects which kind of interpretation is selected: Com-
binations with highly similar constituents are almost always interpreted
either by property construction or by hybridization. People are also flex-
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ible in how they interpret the referent of a noun. Although people inter-
pret a noun as referring to the object or thing typically named by that
noun, the referent can also be a property, representation, or a thematic as-
sociate of the object. Of importance, combining concepts can involve
property construction in which a property of the modifier is used to guide
the creation of a new property in the combination. Concepts are not com-
bined simply by adding a copy of a property of the modifier to the new
combination.

ALGORITHMIC LEVEL: CURRENT MODELS OF
HOW PEOPLE COMBINE CONCEPTS

There are two processing accounts of how people combine concepts, which
are fairly broad in scope: the thematic relations approach and the schema
approach.” Both accounts assume that the meaning of a combination in-
volves a relation between the referents of the constituents. In the thematic
relations view, nouns are combined by determining an abstract relation
that holds between the nouns (Coolen, van Jaarsveld, & Schreuder, 1991;
Shoben, 1993; Shoben & Gagne, this volume). These approaches assume
that there are a relatively small set of such relations (perhaps one or two
dozen). In evaluating this view, researchers have typically drawn on the
relations that linguists have used to classify familiar combinations (e.g.,
Downing, 1977; Levi, 1978). For example, Levi (1978) suggested that 16
relations can be used to classify the meanings of most familiar combina-
tions (e.g., the for relation, plant food; the cause relation, electric shock;
the make relation, etc.).

The most developed view of the thematic relations approach is the
work by Shoben (1993) and his colleagues (see Shoben & Gagne, this vol-
ume). They assume that a noun’s combinatorial history influences inter-

2L have excluded from this discussion models that describe how people interpret hybrid combinations—

those that refer to a conjunction of their constituents, such as pet fish (Hampton, 1987; Martin & Bill-
man, 1994; Thagard, 1984). [ have also excluded a model of how certain adjectives are combined with
nouns (Smith, Osherson, Rips, & Keane, 1988). In general, it is not possible to straightforwardly extend
these models to account for other kinds of combinations (see Murphy, 1988; Wisniewski & Gentner, 1991,
- for arguments).
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pretation of a novel phrase involving that noun. That is, people Cmm. the
distributional knowledge of how nouns have been previously combined
to interpret a novel combination. For example, when mountain is used .mm
a modifier it typically instantiates a locative relation (e.g., Bo::Sw:
stream, mountain resort, mountain goat) and is only rarely 5<o_<ma.5
other types of relations (e.g., mountain range). Therefore, people B.NQ in-
terpret a novel combination such as mountain fish as “fish found H.: the
mountains” by using their knowledge that mountain has been ?mS.o:m_.%
combined with other nouns in a similar manner. A second assumption is
that the modifier’s combinatorial history has more influence on interpre-
tation (because it precedes the head noun). In a series of mﬁc&wm,. mrovm:
and Gagne (this volume) show that the time to judge the sensibility of a
novel combination is a function of the relative frequency of abstract rela-
tions associated with the modifier noun rather than with the head noun.

In the schema approach, a concept is viewed as a schema or frame. A
schema represents the basic knowledge that people have mvocw a Em.nm.
event, or object which has been acquired from everyday ::Q.mn:o:m 2:‘7
these things or from other sources of knowledge such as written materi-
als. Schemas represent this knowledge in the form of slots and fillers that
refer to the dimensions of the entity, along with their typical or default
values (Minsky, 1975; Rumelhart, 1980). For example, a schema for ele-
phant might include the slots color and habitat and the typical fillers gray

and zoo, respectively. Schema-based models link concepts by relations

through a process of slot filling (Brachman, 1978; Cohen & Murphy, 1984;
Murphy, 1988; Shoben, 1993). For example, according to the nOJnm? spe-
cialization model (Cohen & Murphy, 1984; Murphy, 1988), one interprets
a noun-noun combination by filling a slot of the head noun with the mod-

ifier noun. According to this account, one might interpret robin snake by §

filling a slot in snake (e.g., the slot eats) with the modifier concept rob:
to produce the meaning “a snake that eats robins.” As a result, H.rm fille
slot captures a relation between the objects denoted by the modifier m:.
head concepts. To explain which slot is selected to be filled by the modi
fier, these models emphasize the importance of constraints on the filler

of a slot. That is, a slot specifies preconditions that must be met by a PO
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tential filler. For example, the filler of the eats slot of snake would have to
be edible, whereas the filler of the contains slot of box would have to be
smaller than a box. These constraints are derived from people’s typical in-
teractions with the referents of concepts,

Although the thematic relations and schema views are similar in
assuming that interpretation involves linking one referent to another
through a relation, there are two important differences between the ap-
proaches. First, they emphasize different levels of abstraction in charac-
terizing the meanings of combinations. Whereas the abstract relations view
postulates that a relatively small set of very general relations exhausts the
ways that nouns can be combined, the schema approach does not make

an analogous claim for slots. Rather, slots represent more specific relations.
A Second, the thematic relations view emphasizes a noun’s combinatorial
history in determining the interpretation of a novel combination, whereas

the schema view emphasizes constraints on slots

in &Qmwam:m:m
meanings.

There are several reasons to believe that the schema approach better
accounts for how people combine concepts. First, the use of more specific
slots rather than abstract relations captures distinctions between mean-
E ings to which people are clearly sensitive. For example, in the abstract re-
ations view, the novel combinations paint spoon and blueberry spoon
would share the For relation between their constituents. However, the for
elation fails to capture crucial differences between people’s interpreta-
ions of these combinations: A paint spoon is used to stir paint (and not
eat paint), but a blueberry spoon is used to eat blueberries (and not to
tir them). These distinctions seem to be part of the basic,
f such novel combinations that arise from the specific
ured in the constituent concepts.

The schema approach could capture these differences by assuming that
fre concept spoon represents the different functions of a spoon (stirring
®id eating) and the slots associated with these functions. For example,
functions would have agent, instrument, and object slots along with
propriate constraints (e.g., the filler of the object slot in eating must be
ble). In paint spoon, paint would fill the object slot of stirring but not

core meaning
knowledge cap-
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the object slot of eating because paint can be stirred but is not edible. In
blueberry spoon, blueberry would fill the object slot of eating but not the
object slot of stirring because blueberries are edible and cannot be stirred.

Second, the thematic relations view overly emphasizes the role of a
noun’s combinatorial history in determining meaning. On the one hand,
there is some evidence that how a noun combines with another is influ-
enced by how it has been previously combined (Shoben & Gagne, this vol-
ume). However, combinatorial history may be more of an effect rather than
a cause. For example, most familiar combinations of the form X box (in
which X stands for another noun) have the meaning “box that contains X"
{Urdang & Abate, 1983). However, it cannot be the frequency of these past
meanings per se that determines whether people will interpret a novel X box
in the same way. Some combinations are not interpreted in this manner
(e.g., skyscraper box). Rather, as emphasized in the schema approach, inter-
pretation involves figuring out whether a meaning is plausible (e.g., can X
fit into a box?). That most familiar X boxes have the interpretation, “box that
contains X more likely reflects the intuition that there are few constraints
on what can be contained in a box (as most things can be enclosed). The
function of a noun’s combinatorial history is probably to suggest candidate
meanings that previously have been useful (and thus narrow down the search
space), but most of the work in interpretation is determining a plausible
meaning and creating a new representation.

In summary, two general proposals have been offered to explain how
people combine concepts. The schema approach appears to be a more
plausible psychological model. However, the computational level account
suggests that both the thematic relations and schema views do not go far
enough in explaining how people combine concepts. There are three ma-
jor areas where such approaches are incomplete. First, both approaches
focus on processes that derive relational interpretations of combinations
and have not addressed the derivation of property and hybrid interpreta-
tions. Yet, property interpretations are common for many novel combi-
nations (Wisniewski, 1996a) and not infrequent among familiar combi-
nations (Wisniewski & Love, 1996). As I suggest later, property and hybrid
interpretations require processes that differ from those that determine re-
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lations between the modifier and head concepts. Second, current ap-
proaches assume that the referential scope of a noun is fairly narrow: It is
taken to refer to the object or thing typically named by that noun. In con-
trast, a noun can refer to a property, representation, or thematic associate
of the noun’s typical referent.

Third, the models capture relatively small changes in representation
that result when concepts combine. In the thematic relations approach, a
new concept is created by linking one constituent to another through a
relation. Being linked to another constituent is the only sense in which a
constituent’s representation undergoes modification. In schema ap-
proaches, a new concept is created by replacing the typical value of a slot
with a new value (Cohen & Murphy, 1984; Murphy, 1988; Smith et al,,
1988). One schema approach, the concept specialization model, goes fur-
ther than slot value replacement by postulating an additional stage of pro-
cessing that also involves conceptual change (Cohen & Murphy, 1984; Mur-
phy, 1988). After slot value replacement, people use their world knowledge
to elaborate or “fix up” this concept by adding attributes to a combina-
tion. For example, in interpreting apartment dog as “a dog that lives in an
apartment,” people may recall actual dogs that they know and use the
memories to modify the combination by adding properties such as “yappy
and neurotic” (Murphy, 1988; p. 540). Thus, this model’s notion of con-
ceptual change not only involves slot value replacement but also adds new
attributes to the combination. However, as I have suggested, conceptual
change does not generally result from adding attributes.

UPPING THE ANTE: TOWARD A
COMPREHENSIVE MODEL

The task of algorithmically specifying how people combine concepts is a
difficult one. In this section, I describe an approach to conceptual com-
bination that attempts to capture a broader range of psychological phe-
nomena. My description does not constitute a full-fledged model. How-

ever, it identifies what appear to be necessary ingredients that must go into
constructing a model.
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Representational Assumptions

On the basis of the phenomena that [ have presented, it is clear that a model
has no hope of succeeding if it uses simple representations of nouns. Much
research suggests that concepts have complex representational structure
(Barsalou, 1993; Barsalou & Hale, 1992; Cohen & Murphy, 1984; Gentner,
1989; Murphy, 1988; Ortony, 1979; Palmer, 1978; Wisniewski & Medin,
1994). In keeping with the strengths of the schema approach, I assume that
a noun is a schema that consists of slots and fillers. Of importance, the fillers
of the schema can themselves be representationally complex, also consist-
ing of schemas with slots and fillers (cf. Ortony, 1979). As a result, processes
that operate on a schema could be recursively applied to its fillers (see also
Barsalou & Hale, 1992). A noun schema represents a variety of knowledge
about its referent, including its typical properties (e.g., an object would have
size, shape, color, parts, and so on) as well as the everyday interactions that
the referent has with other entitites. I refer to these interactions as scenar-
ios. In the latter case, for example, there could be a function slot in soap with
the filler cleaning. This filler would be a scenario with the possible roles or
slots of agent, instrument, and recipient and the typical fillers person, soap,
and solid object, respectively. In this sense, the scenario representation of such
everyday interactions is analogous to verb representations that describe ac-
tions, events, or states (cf. Fillmore, 1968; Levin, 1993; Schank, 1972). Fi-
nally, there are typically interconnections between components of a schema
that capture dependencies between slots and fillers. For example, a complex
property of hammer, such as “for pounding in nails,” depends on the ham-
mer having a handle, being grasped and lifted in a certain way, having a
blunt, solid end, and so on.

At a general level, there are two basic steps in combining concepts, al-
though these steps merge with each other and there is no clear border be-
tween them. First, people must determine what knowledge will initiate the
formation of the new combination. That is, they must figure out which
property of the modifier to integrate into the head noun or which rela-
tion will link the modifier and head concepts. People must then create a
new representation. For example, the common interpretation of fork spoon
as “a spoon with prongs” involves identifying the property “has prongs”
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o.m the modifier fork as the candidate property for guiding the construc-
tion o.m a new property in fork spoon. On the basis of participants’ inter-
pretations, the new representation typically corresponds to a spoon with
prongs on the opposite end from the spoon’s bowl or a spoon with short
prongs emanating from the tip of the bowl (as in a spork or runcible

.mwoo:v. wm._oi. [ suggest that different processes are involved in property
Interpretation and relation linking.

Identifying Potential Properties

Um:w_:m a property interpretation requires finding a difference between the
modifier and head concepts that forms the basis of the property that will
_u.m constructed in the head concept. This claim follows from a computa-
tional level goal of conceptual combination: the need to create a :miﬂmﬁm-
gory differing in some significant way from the Category referred to by the
head noun and whose difference is related in some way to the Bo&mmv\n
The need to m:ﬂ a difference raises three logical questions: How do .mo-
ple determine this difference, why does this difference (and not some om“w
one) form the basis for the new combination, and where in the head co .
cept is the difference integrated? For example, to interpret zebra horse as M
horse with stripes,” people must determine that zebras have stripes but horse
do :o.ﬁ and therefore that this difference could form the basis of the ERM
pretation. In general, people are not sensitive to the absence of information
and Q.Em concepts do not explicitly represent the absence of properties (e v
m.mm Nisbett & Ross, 1980, for evidence). People also tend to select this Mm.,
:.nEmn difference for the interpretation of zebra horse and not other wOvam
differences (e.g., lives versus does not live in Africa). Finally, people believ
that a zebra horse is one with stripes that run down the mEvmm of the vanm
wwamw body and neck just as they do in a zebra. They do not, for exam Fm
.m::r that the stripes of a zebra horse are on its tail. Thus EM &mﬂm:nw s
Integrated into certain parts of the representation and not voﬁrma o

Finding Differences and Integrating Them in Concepts

0 . .
ne can begin to address these questions by assuming that people use a
o . . .
mparison process to align or put into correspondence the structure of
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the modifier and head concepts (Wisniewski, 1996a, 1996b; Wisniewski &
Gentner, 1991; Wisniewski & Markman, 1993). This assumption was in-
spired by some models of metaphor and analogy understanding that have
emphasized the importance of comparison (Gentner, 1983, 1989; Holyoak
& Thagard, 1989). By aligning the structure that is common to the head
and modifier concepts, people find differences that then form the basis of
an interpretation (cf. Markman & Gentner, 1993). The idea is that any pair
of concepts will have both commonalities and differences. Finding com-
monalities leads to finding differences because commonalities are inter-
connected or related to differences. To illustrate, consider again zebra horse.
Roughly speaking, one puts the representation of a horse’s body into cor-
respondence with the representation of a zebra’s body because they are
similarly shaped and because they have similar conceptual relations to sim-
ilar components. (Similar, vertically oriented legs are connected to a sim-
ilar underside of the body at similar places.) By aligning this common
structure, one finds an important difference between zebras and horses
(having versus not having stripes).

Besides determining differences between concepts, the comparison
process suggests where a property can be integrated into the representa-
tion of the combination. For example, in placing the body and neck of
horse into correspondence with the body and neck of zebra and noting a
difference (having versus not having stripes), the comparison process has
determined where the stripes can be incorporated into zebra horse. (If a
zebra only had stripes on its tail, the comparison process would suggest
that a zebra horse only had stripes on its tail.)

There is much evidence that people use the commonalities between
mental representations to find differences. Markman and Gentner (1993)
asked research participants to list commonalities and differences of word
pairs. Not surprisingly, participants listed more commonalities for pairs
of similar words than for pairs of dissimilar words. However, the reverse
did not hold: Participants did not list more differences for dissimilar pairs
than for similar pairs. Instead, they (somewhat paradoxically) listed more
differences for the similar pairs, and importantly, the differences were con-
ceptually related to the commonalities (see also Gentner & Markman,
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1994; Markman & Wisniewski, in press). For example, when participants
listed “has wheels” as a commonality of car and motorcycle, they also
tended to list “has four wheels versus two wheels” as a difference. Of im-
portance, there is evidence that people use a comparison process in com-
bining concepts (Wisniewski, 1996a).

There may be a variety of ways (not necessarily mutually exclusive) in
which the comparison process is instantiated (Wisniewski, 1996a, dis-
cussed the possibilities). The major point to be made is that such a process
is necessary whatever the actual mechanism is that carries it out. For ex-
ample, 1 have described the comparison process as if it aligns one mental
representation with another to find a difference. However, as an alterna-
tive, a property of the modifier might be accessible prior to the compar-
ison process. For example, a linguistic context might indicate the property
of the modifier that is relevant to the novel combination (cf. Gerrig &
Murphy, 1992), or a prototypical property of the modifier might be rapidly
activated on reading the modifier (cf. Barsalou, 1982; Glucksberg & Keysar,
1990). In these cases, comparison is still necessary to establish where the
property is to be integrated into the head concept. For example, even
though “having stripes” might be highly accessible on reading zebra, peo-
ple still must determine how it fits into horse. It is the correspondences
between the bodies and necks of zebras and horses that suggest that the
stripes run alongside the neck and body of a zebra horse. These corre-
spondences are determined by the comparison process. Furthermore, the
comparison process may also be necessary to establish that the property
of the modifier is not already present in the head noun concept. For ex-
ample, a salient property of zebras is their shape, yet this property would
not form the basis of an interpretation of zebra horse, as horses have a very
similar shape. The comparison process identifies this commonality and
thus prevents it from being used in the interpretation.

Selecting a Difference
In general, there are multiple differences between concepts. At least sev-
eral factors influence which difference is selected. One factor is the dis-
course setting that may suggest the relevant difference. Another factor is
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a property’s cue and category validity. The cue validity of a property with
respect to a category is the conditional probability that something belongs
to a category given that it has the property. For example, given that some-
thing has wings, it is very probable that it is a bird (although it could be
a bat or an insect). The category validity of a property with respect to a
category is the conditional probability that something has the property
given that it is in the category. For example, given that something is a bird,
it is very probable that it has wings. When people derive property inter-
pretations, they tend to select properties that are high in cue and category
validity (Wisniewski, in press).

This finding makes sense given the communicative goals of the com-
putational level account. Properties high in cue and category validity are
representative of the category and distinguish it from other categories. A
property with perfect cue and category validity unambiguously identifies
the members of the category. Therefore, in cooperative communication, a
listener is most likely to think of properties high in cue and category va-
lidity in understanding a novel combination, and speakers may construct
combinations with these properties in mind.

Of course, cue and category validity cannot be the only factors that
determine selection. Appealing solely to these factors predicts interpreta-
tions of combinations that people never give. For example, people would
probably never literally interpret fork tennis balls as “tennis balls with
prongs” or as “a package of four tennis balls” even though these interpre-
tations are derived from a property of fork that is very high in cue and
category validity (i.e., “has four prongs”). Again, the communicative goals
of the computational level account constrain selection. The interpretation
“tennis balls with prongs” compromises the functionality of tennis balls
and may result in a referent that is outside the acceptable scope for tennis
balls. On the flip side, the interpretation “package of four tennis balls” may
stretch people’s ability to see the connection between the “has four prongs”
property of fork and the “package of four tennis balls” meaning of fork

tennis balls. In this case, “has four prongs” is used to construct a new prop-
erty in fork tennis balls that preserves so little of the “has four prongs” that
it lies outside the acceptable referential scope of “has four prongs.”
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These constraints, coupled with the comparison process, provide the
beginning of an algorithmic account of property construction. To illus-
trate, I return to fork spoon and provide a more detailed account of how
it is interpreted as “a spoon with prongs” (see Wisniewski, in press, for
more examples). People could begin by aligning the handle of fork with
the handle of spoon, and the end of fork with the end of spoon and note
an important difference: Forks have prongs on their ends but spoons have
“little bowls” on their ends (of course, other variations on the compari-

son process are possible, as noted earlier). The comparison process iden-
tifies where in the representation of spoon the property “has prongs” can
be incorporated (on the end of spoon). However, there is a conflict be-
tween mentally connecting this property to the end of spoon and staying
within the referential scope of spoon. In particular, one cannot mentally
replace little bowl with prongs or mentally add the full length prongs to
the end of the little bowl] because these manipulations would create fork
spoons, which functionally are forks but not spoons (thus violating com-
municative goals of the computational level account). People can resolve
this conflict by mentally attaching the prongs to the end of the little bowl
nd shortening them (as in a runcible spoon or a spork). Alternatively, they
could mentally attach the prongs to the top end of the spoon. In these
cases, the prongs of a fork spoon are similar but not identical to those of
afork: They are either attached to an end that is opposite to the little bowl
r they are shorter and attached to the end of the little bowl. Furthermore,
 the attachment to the opposite end or the shortening preserves the func-
ion of a spoon while still yielding a property that resembles the one from
hich it originated.

Identifying Plausible Relations

i contrast to comparing the modifier and head noun representations in
rder to find an important difference that forms the basis of a new prop-
'ty, finding a relation between constituents amounts to constructing a
usible scenario involving the constituents. In this case, a plausible sce-
ario is one in which each constituent is bound to a different role within
same scenario. For example, a plausible interpretation of truck soap is
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“soap for cleaning trucks” because truck can be bound to the recipient role
of cleaning (i.e., the thing being cleaned) and soap to the instrument role
(what is used to do the cleaning).

Clearly, a model of conceptual combination must assign and bind con-
stituents to plausible roles in a scenario. However, analogous to property
construction, the exact details of such a role assignment process are not
well understood, and they remain an issue for future research. In assign-
ing a constituent to a role, the process must determine the fit between the
role and the constituent. Like the previously described schema approach
(e.g., Murphy, 1988), fit is based on how well a constituent matches the
preconditions of the role. If there is a sufficient match, the constituent is
assigned to that role. However, examining how people combine concepts
suggests that role fitting can be more interactive than suggested by the
schema approach. That is, rather than finding a plausible role for a con-
stituent, the constituent may be modified to plausibly fit a role. For ex-
ample, a frequent interpretation of robin termite is “a termite that eats
robin nests” (Wisniewski, 1996a). In this case, people construe robin in
such a way that it plausibly fits the “what is eaten” role of the eats scenario
(robin nest fits the constraints of what termites eat, whereas robin does
not). As another example, elephant box is sometimes interpreted as “a very
large, sturdy box for containing elephants” (Wisniewski, 1996a). In this
case, a typical box is modified in such a way that elephant can plausibly
fit the “what is contained” role of the contains scenario.

Plausible Properties Versus Plausible Relations

Up to this point, I have suggested that there are two different processes
involved in combining concepts: a process that identifies and constructs
properties and a process that links concepts by relations. One issue con-
cerns the relationship between these processes. Do they operate concur-
rently or is there a preferred strategy for interpreting novel combinations?
Some researchers have suggested that identifying and constructing prop-
erties is a last resort strategy—one that is used only when the constituents
of a combination do not fit into a plausible scenario (Downing, 1977;
Shoben & Gagne, this volume; Wisniewski & Gentner, 1991). Although
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| more research is needed to resolve this issue, recent work calls into ques-
ion the “scenario first” hypothesis. In particular, which process dominates
depends on factors such as the similarity between constituents and whether
process has succeeded in the previous context (Wisniewski & Love, 1996).

THE RELATION BETWEEN CONCEPTUAL
COMBINATION AND NOMINAL METAPHORS

ecently, I have argued that property interpretations of noun—noun com-
! inations are similar to interpretations of nominal metaphor interpreta-
ons (Wisniewski, in press). Nominal metaphors are language construc-
ons of the form X is a ¥, in which X and Y refer to nouns. A nominal
etaphor can be rephrased as a noun—noun combination by reversing the
der of the nouns and dropping the form of be to produce the phrase
. Just as the modifier of a noun—noun combination is construed as a
property that is then applied to the head noun, so is the vehicle of a nom-
fial metaphor construed as a property that is then applied to the topic.
1 example, that job is a jail can be rephrased as that jail job. Both con-
tructions can be interpreted as “a job that is confining.”
On the other hand, there are clear differences between noun—noun
ombinations and nominal metaphors. Noun—noun combinations allow
or other kinds of interpretations (i.e., relation linking and hybridization).
r example, people do not interpret “that job is a jail” by linking job and
il through a relation as in “that job is at a jail,” whereas “that jail job”
n be interpreted in this manner. There may be a variety of more subtle
ferences between these language constructions (see Wisniiewski, in press,
br details).
Nevertheless, given the correspondence between property interpreta-
ons of combinations and nominal metaphor interpretations, it is a short
P to suggest that both phenomena involve the same processes. Previ-
isly, I argued that property interpretation involves two processes: a com-
ison process that aligns the modifier and head nouns to determine dif-
tences between them and a process that constructs a new property that
integrated into the head noun. In like fashion, nominal metaphors would
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be understood by comparing and aligning the vehicle with the topic to de-
termine differences between them and constructing a new property that
is integrated into the topic.

Of theoretical interest, current models of metaphor understanding
embody one or the other process (to varying degrees) but not both (see
Wisniewski, in press, for more details). In general, there have been two
distinct approaches to metaphor understanding in cognitive psychology.
The comparison approach has focused more on analogies than on
metaphors but generally assumes that both are interpreted using &&mma
processes. Thus, a metaphor is understood by first aligning or putting into
correspondence representational structure of the topic with that of the ve-
hicle through a comparison process. These models include the structure
mapping engine (SME; Falkenhainer, Forbus, & Gentner, 1989; Gentner,
1983, 1989) and the analogical constraint mapping engine (ACME;
Holyoak & Thagard, 1989). Alignment is potentially a computationally in-
tractable problem (Holyoak & Thagard, 1989) so much of the emphasis
in the comparison approach has been on determining the psychological
factors that constrain this process (see Gentner, 1983, 1989; Holyoak &
Thagard, 1989, for details). However in the comparison approach, there
has been considerably less emphasis on constructing new properties in the
topic on the basis of properties of the vehicle. In fact, the typical view is
that knowledge transfer is a copy and addition process (Falkenhainer et
al., 1989; Gentner, 1989; Holyoak & Thagard, 1989; Hummel & Holyoak,
1996).

However, my analysis of conceptual combination suggests that this
copy and addition process is generally not used to understand metaphors
or analogies. Furthermore, metaphors and analogies prototypically involve
comparisons of conceptually different domains with different predicates
applying to each domain. Therefore, metaphors generally cannot be un-
derstood by straightforward transfer of predicates from one domain to an-
other because the predicates in one domain will often not apply in the
other domain. Even when they do apply they may not apply in the same
way. For example, on understanding “the atom is like the solar &ﬁ.ﬁ?x
people’s sense in which electrons revolve around a nucleus may be differ-
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ent from their sense in which planets revolve around the sun. (The fre-
quency and size of revolutions are different in these domains.) As previ-
ously noted, people are sensitive to such differences in conceptual combi-
nation (Wisniewski, 1996b).

A second view of metaphor understanding is the interactive property
attribution approach (Glucksberg & Keysar, 1990; Glucksberg et al., this
volume; McGlone, 1996). The strengths and limitations of this view are
‘the reverse of those of the comparison approach: It acknowledges the im-
_portance of construction but does not specify a role for comparison. For
‘example, in earlier work on which this approach is based, Glucksberg,
‘Gildea, and Bookin (1982) described how the same properties of the vehi-
cle butcher are differentially instantiated in the topics surgeon and pianist:

The statement X is a butcher can always be taken to mean that X is
negatively evaluated, and that X is grossly and characteristically in-
competent as well. The particular way that X’s incompetence is in-
stantiated will depend on who or what X might be. If X is a sur-
geon, the incompetence takes the form of botched operations, with
bleeding, disfigurement, and death the likely consequences. If a pi-
anist is a butcher, then the competence is not merely the forgetting
of certain parts of the piano pieces or the lack in the repertoire, but
that the music is plowed through insensitively, too loudly, without
any hint of subtlety or beauty. (p. 95)

n these examples, the authors imply that the vehicle provides informa-
on that acts as a source for the construction of new properties in topic.
etaphors are not understood by copying over predicates and replacing
firguments but rather by a construction process similar to the one I have
oposed in conceptual combination.

However, the property attribution approach does not specify a role
' comparison in metaphor understanding. In fact, advocates of this ap-
oach have often criticized the comparison view (Glucksberg et al., this
lume; McGlone, 1996). However, a comparison process is important for
reasons. First, the comparison process uses commonalities between

topic and vehicle to find differences which will form the basis of the
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interpretation. Second, the comparison process finds correspondences be-
tween the topic and vehicle which indicate where new properties are to be
integrated into the topic.

In summary, the interpretation of nominal metaphors may use

the same processes as those involved in property interpretations of

noun—noun combinations (i.e., comparison and construction). Current

models of metaphor understanding have emphasized the importance of

either comparison or construction, but not both. A complete model must

employ both processes.

CONCLUSION

Providing a processing (algorithmic) account of how people combine con-

cepts is a difficult task. I hope, however, that this chapter has taken some
important steps toward achieving this objective. As
the goals of conceptual combination and described the important phe-

nomena that result when people combine concepts. In the latter regard,
identified three conceptually distinct kinds of combinations that cover the
combinatorial space. Of importance, 1 highlighted the necessity of con-
ceptual change when concepts combine. This computational level expla-
nation is an essential prerequisite for developing a processing account. It
delineates the range of output that the algorithm should produce. In m._a-
dition, why people combine concepts also constrains how they combine

them.

As a second step, I described several processes that operate when peo:

ple combine concepts. These processes correspond to the conceptually d
tinct types of output that 1 identified in the computational level accou

One process incorporates the constituents into a plausible scenario 1l

which the constituents play different functional roles. A second proc
compares the constituents to find important differences between the
One or more of these differences provide the basis for modifying the he
noun constituent. Of importance, I have shown why a comparison proc
is crucial to combining concepts in this manner. It provides a psychol
ically plausible way to determine differences and indicates where thi

a first step, | outlined .
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should be integrated into a concept. Of crucial importance, this integra-
tion involves conceptual change of a form that goes beyond the addition
of relatively unmodified knowledge to a concept. Properties are con-
structed in a concept rather than added to a concept. The modifier con-
cept provides a property that acts as a source of information for the con-
struction of a new property. The head concept provides constraints on
how this property is created and instantiated. 1 also suggested that these
,nonmz.mo: and property construction processes characterize how nom-
binal metaphors are understood.

Although I have characterized the property construction process at a
neral level, an important problem to solve is specifying in more detail
ow this process operates and how it produces conceptual change. This

; roblem is perhaps one of the most important ones to solve in language
derstanding.
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