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S’rructure-Mapplng
A Theorehcal Framework for Analogy*

DEDRE GENTNER

Bolt Beranek and Newman Inc.

A ’fheory of anology must describe how the meaning of an’ onalogy is derived
from the meanings of its parts. In the sfructure-mapping theory, the: ‘interpre-
tation rules are characterized as implicit rules for mapping. khowledge about
-a base domain into a target domain. Two important features of the theory are-
(a) the rules. depend only on syntactic properties of the knowledge represen-
tation, and not on the specific content of the domains; and (b} the theoretical
.fromework allows analogies to be dlshngwshed cleanly from literal similarity
statements, applications of abstractions, and other kinds of comparisons.

Two mapping principles are described: (a) Relations between objects, rather '
than attributes of objects, are mapped from base to target; and (b) The par-
ticular relations mapped are determined by systematicity, as defined by the
existence of higher-order relations.

When people hear an analogy such as ‘““An electric battery is like a reservoir”’
how do they derive its meaning? We might suppose that they simply apply
their knowledge about reservoirs to batteries, and that the greater the match,
the better the analogy, Such a ‘‘degree of overlap’’ approach seems rea-
sonably correct for literal similarity comparisons. In Tversky’s (1977)
contrast model, the similarity between A and B is greater the greater size of
the intersection (A N B) of their feature sets and the less the size of the two
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complement sets (A - B) and (B - A).: However, although the degree-of-
overlap model appears to work well for literal similarity comparisons, it
does not provide a good account of analogy. The strength of an analogical
match does not seem to depend on the overall degree of featural overlap;
not all features are equally relevant to the interpretation. Only certain kinds

the analogy in spite of the fact that the average battery differs from the
average reservoir in size, shape, color, and substance. '
As another example of the selectiveness of analogical mapping, con-

sider the simple arithmetic analogy 3:6::2:4. We do not care how many fea-
tures 3 has in common with 2, nor 6 with 4. It is not the overall number of

A theory based on the mere relative numbers of shared and non-shared
predicates cannot provide an adequate account of analogy, nor, therefore,
a sufficient basis for a general account of relatedness. In the structure-
mapping theory, a simple but powerful distinction is made among predicate
types that allows us to state which ones will be mapped. The central idea is
that an analogy is an assertion that a relational structure that normally ap-
plies in one domain can be applied in another domain. Before laying out the
theory, a few preliminaries are necessary. '

PRELIMINARY ASSUMPTIONS

1. Domains and situations are psychologically viewed as systems of
- objects, object-attribu_tes and relations between objects.?

'According to Tversky (1977), the negative effects of the two complement sets are not
equal: for example, if we are asked ‘‘How similar is A to B”’, the set (B - A)—features of B
not shared by A—counts much more than the set (A - B). '

*These “‘objects’’ may be clear entites (e.g., “rabbit”’), component parts of a larger
object (e.g., ““rabbit’s ear’’), or even coherent combinations of smaller units (e.g., ‘‘herd of
rabbits’’); the important point is that they function as wholes at a given level of organizatiqn.
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+ 2. Knowledge is represented here as propositional networks of nodes
and predicates (cf. Miller & Johnson-Laird, 1976; Norman, Rumel-
hart, & the LNR Group, 1975; Rumelhart & Ortony, 1977; Schank
& Abelson, 1977). The nodes represent concepts treated as wholes;
the predicates applied to the nodes express propositions about the
concepts.

3. Two essentially syntactic distinctions among predicate types will be

~ important. The first distinction is between object attributes and
relationships. This distinction can be made explicit in the predicate -
structure: Attributes are predicates taking one argument, and rela-
tions are predicates taking two or more arguments. For example,
COLLIDE (x,y) is a relation, while LARGE (x) is an attribute.’

The second important syntactic distinction is between first-
order predicates (taking objects as arguments) and second- and
higher-order predicates (taking propositions as arguments). For
example, if COLLIDE (x,y) and STRIKE (y,z) are first-order pred-
icates, CAUSE [COLLIDE (x,y), STRIKE (y,z)] is a second-order
predicate.

. 4. These representations, including the distinctions between different
kinds of predicates, are intended to reflect the way people construe
a situation, rather than what is logically possible.*

STRUCTURE-MAPPING:
INTERPRETATION RULES FOR ANALOGY

The analogy ‘A T is (like) a B”’ defines a mapping from B toT. T will be

called the farget, since it is the domain being explicated. B will be called the

base, since it is the domain that serves as a source of knowledge. Suppose
that the representation of the base domain B can be stated in terms of object

*One clarification is important here. Many attributive predicates implicitly invoke com-
parisons between the value of their object and some standard value on the dimension. LARGE
(x) implicitly means ‘X is large for its class.’’ For example, a large star is of a different size
than a large mouse. But if LARGE (x) is implicitly interpreted as LARGER THAN (X, proto-
type-x), this might suggest that many surface attributes are implicitly two-place predicates. The
theory assumes that only relations that apply within the domain of discourse are psychological-
ly stored and processed as true relations. Thus, in the domain of the solar system, -a relation .
such as LARGER THAN (sun, planet), that applies between two objects in the domain, is pro-
cessed as a relation; whereas an external attributive comparison, such as LARGER THAN
(sun, prototype-star), is processed as an attribute.

‘Logically, a relation R(a,b,c,) can perfectly well be represented as Q(x), where Q(x) is
true just in case R(a,b,c) is true. Psychologically, the representation must be chosen to model
the way people think about the domam
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nodes by, b,,...,b, and predicates such as A, R, R’, and that the target
domai_n has object nodes t,, t,,.. .,t,,-,.’ The analogy maps the object nodes
of B onto the object nodes of T: :

These object correspondences are used to generate the candidate set of
inferences in the target domain. Predicates from B are carried across® to T,
usmg the node substitutions dictated by the object correspondences

The mapping rules are

1. Discard attributes of object‘s‘: , |
| AN - +-> [AG)
2, Try to preserve relations between obj_ects:
R(b b)] — > [R(ts t),

3. (Th_e. 'Systematicity Principle) To decide wht_'ch relations are pre-
served, choose systems of relations: -

R 'R, b)), Ry(bs, b)] — —>
R (Rt 1), Ralts, 1)

Higher-order relations play an 1mportant role in analogy, as is discussed
below.
Notice that this discussion has been purely structural the d1st1nct10ns
- invoked rely only on the syntax of the knowledge representation, not on the
content. The content of the relations may be static spatial information, as in
" UNDER(x,y), or FULL(CONTAINER, WATER); or constraint informa-
tion, as in PROPORTIONAL [(PRESSURE(liquid, source, goal), 'FLOW-
RATE (liquid, source, goal)], or dynamic causal information, as in CAUSE
{AND [PUNCTURE (CONTAINER), FULL(CONTAINER, WATER)],
FLOW FROM (WATER, CONTAINER)}.

SMost explanatory analogies are 1-1 mappings, in whrch m=n. However there are ex-
ceptions (Gentner, 1982). :

The assumption that predicates are brought across as identical matches is crucial to the
clarity of this discussion. The position that predicates need only be similar between the base
and the domain (e.g., Hesse, 1966; Ortony, 1979) leads to a problem of infinite regress, with
s1m11ar1ty of surface concepts defined in terms of srmrlarrty of components, etc. I will assume
instead that similarity can be restated as identity among some number of component
predicates.

| —
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KINDS OF DOMAIN COMPARISONS

n the structure-mapping framework, the 1nterpretat10n rules for analogy
an be distinguished from those for other kinds of domain comparisons.
e syntactic type of the shared versus nonshared predicates determines
ether a given comparison is thought of as analogy, as literal s1m11ar1ty, or
s the application of an abstraction.

o In this section, different kinds of domain comparisons are described,
»usmg the solar system as a common theme. The top half of Figure 1 shows a
partlal representatlon of what might be a person’s knowledge of our solar
system Both object-attributes, such as YELLOW (sun), and relations be-
tween Ob]CCtS such as REVOLVE AROUND (planet, sun) are shown. As-
: summg that the hearer has the correct object correspondences, the question

is. whlch predicates will be mapped for each type of comparison.

() A Izteral similarity statement is a comparlson in whlch a large number
of predicates is mapped from base to target, relative to the number
of nonmapped predicates (e. g., Tversky, 1977). The mapped predi-
cates include both object-attributes and relational predicates.

- EXAMPLE 1. The X12 star system in the Andromeda galaxy is like our
solar system.
INTERPRETATION: Intended inferences include both object characteris-
t1cs—e g., “The X12 star is YELLOW, MEDIUM- SIZED, etc., like our
- sun,”’ and relational characteristics, such as ‘“The X12 planets REVOLVE
AROUND the X12 star, as in our system ”

In a literal similarity comparison, all or most of the predicates shown
would be mapped.

(2) An analogy is a comparison in which relational predicates, but few
or no object attributes, can be mapped from base to target.

EXAMPLE 2. The hydrogen atom is like our solar system.
INTERPRETATION: Intended inferences concern chiefly the relational
structure: e.g., ““The electron REVOLVES AROUND the nucleus, just as the
planets REVOLVE AROUND the sun,”” but not ‘“The nucleus is YELLOW,
MASSIVE, etc., like the sun.”” The bottom half of Figure 1 shows these
mapped relatlons If higher-order relations are present in the base, they can
be mapped as well: e.g., The hearer might map ‘‘The fact that the nucleus
ATTRACTS the electron CAUSES the electron to REVOLVE around the
nucleus’’ from “The fact that the sun ATTRACTS the planets CAUSES the
-planets to REVOLVE AROUND the sun.”’ (This relatlon is not shown in
Flgure 1))

(3) An abstraction is a comparison in which the base domain is an
abstract relational structure. Such a structure would resembie Figure
1, except that the object nodes would be generalized physical enti-
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Figure 1. Structure-mapping for the Rutherford analogy: “The atom is like the solar sy,stem."'

ties, rather than particular objecis like ‘“‘sun” and ““planet’’. Predi-
cates from the abstract base domain are mapped into the target

domain; there are no nonmapped predicates.

EXAMPLE 3. The hydrogen atom is a central force system.

INTERPRETATION: Intended inferences include ‘““The nucleus AT-
TRACTS the electron;” ““The electron REVOLVES AROUND the nu-
cleus.”” These are mapped from base propositions such as ““The central
object ATTRACTS the peripheral object;’’ or ““The less massive object RE-
VOLVES AROUND the more massive object.”” These intended inferences
resemble those for the analogy (Example 2). The difference is that in the







