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7. Language and the career
of similarity
DEDRE GENTNER AND MARY JO RA ITERMANN

It is probable . . . that man's suptrior associdtion by similarity has

much to do with those discriminatio.ns of character on whk h
his higher flights of ttHoning ate based.
WiUWn

Jamin (1890! p. 345)

The brute irrationality of our sense of similarity. its irrelevance
to anything in logic and mathemati.cs, offers little reason to expect that this sense i~ somehow in tune with the world.
·
Quine (1969, pp. 125-126)

Similarity has been ca.st both as hero and as villain in theories of
cognitive processing, and the same is true for cognitive d.eveJopment. On the positive side, Rosch and. her colleagues have suggested that similarity is an initial organizing principle in the development of categorization (e.g .• Rosch, Mervis, Gray, Johnson, &:
Boyes-Braem, 1976), and Carey (1985) implicates a similarity mechanism in c;hildren's learning of the biological domain. It has also
be-en suggested that similarity may play a roJe in word acquisition
(Anglin, 1970; Bowerman, 1973, 1976; E. V. Clark, 1973; Davidson
&: Gelman, 1990; Gentner, 1982c). Others have taken a more pesshnistic vie w, according to which similarity is either a misleading or
at best an inferior stra tegy used as a Jast resort. Keil (1989), for example, posits that children begin with theories of the world and that
The theoretical work describ4!d in this ch.lpter was supported by thto Office or Naval
Research under ContrM:t NOOO l4-89-H2n and the National Scie~ Foundation under G rant BNS 87-20301. Tht' Mvek>pmcnt•I researdl w~ supported by the National Institute of Education under Contract 4'»-31--0031 awarded to the Center for
the Study of Reading and the National Ins titute ol Mental Heallh under Tn1ining
Grant HD 07205.
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paring the rJYnu.script; and R~rt Dufour for his transl.it.ions of P~get .
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similarity functions merely as a fallback strategy to be resorted to ;
when theory fails.
'
A related issue is the course of development of similarity. Many I
researchers have suggested that children's use of similarity changes
from an early and naive form to a later, more enlightened form.
<?ui.ne (1969) put.~ thi~.view. eloquentlr, describing the "career of the.~.·
s1milanty notion as starting in its innate phase, developing over
the years in the light of accumulated experience, passing then from '
the intuitive phase into theoretical similarity, and finally disappear- 'j
ing altogether" (Quine, 1969, p. 138). According to this view, there
are different kinds of similarity, and the kinds of similarity children
can use change with development. If this is true, then a further
question is, what causes this development? Although Quine's description suggests a maturational change in the ability to perceive
similarity, this is not the only possibility. In particular, we wish to
explore the possibility that changes in similarity use might result
from increases in children's knowledge rather than from changes in
their intellectual competence.
Our plan in this chapter is as follows: First, we describe the development of similarity processes and give evidence for shifts in the
kinds of similarity children use. Second, we consider the underlying
causes of this evolution: whether developmental shifts in the processing of similarity result from global changes in intellectual competence or from the accretion of knowledge. Finally, we consider
interactions with language, especially its possible role in the devel- '
opment of analogical similarity.

1

Distinguishing classes of similarity

Before beginning our survey, it is useful to distinguish three subclasses of similarity: analogy, mere appearance, and literal similarity. Analogy can be defined as similarity in relational structure, in- '
dependently of the objects in which those relations are embedded
(Gentner, 1982a, 1983, 1989). Mere-appearance matches are the complement of analogy: They are matches based primarily on common
object descriptions. Literal similarity involves a greater degree of
commonality: Both relational structure and object descriptions are
shared.
There is considerable evidence that this distinction between
relational similarity and object-based similarity is psychologically

real (Clement & Gentner, 1988, 1991; Gentner, 1988; Gentner &
Clement, 1988; Gentner & Landers, 1985; Gentner & Rattermann,
1990; Goldstone, Medin, & Gentner, 1991; Medin, Goldstone, .&
Gentner, 1990; Schumacher & Gentner, 1990). For example, in
similarity-based retrieval tasks, adults recalled more m.atches that
shared object attributes than matches that shared relational st:,ucture. Yet when asked to rate inferential soundness (descnbed as the
degree to which an assertion that is true for one situation would
hold in the other"), the same subjects rated matches sharing relational structure as both more sound and more similar than those
sharing object attributes (Gentner & Rattermann, 1990). This dissociation between the kind of similarity that best promotes memory
access and the kind that (at least subjectively) best supports inferences suggests a psychological distinction among differ~nt similarity
types. In other research we have found that subjects judg.ing perceptual similarity behave as though attributional commonalities and
relational commonalities function as two different psychological pools
(Goldstone, Gentner, & Medin, 1989; Goldstone et al., 1991; Medin
et al., 1990).
The career of similarity

Given this set of distinctions, we now ask about the development
of similarity. Gentner (1988) proposed that there is a relational shift
in the development of analogy and metaphor: Young children focus
on common object descriptions, whereas older children and adults
focus on common relations. In this chapter we seek to test this proposal and to extend it in three ways. First: we wish to explore its
generality across different tasks and domains. Second, we wish to
extend our account of the career of similarity to encompass early
development as well as later development. Third., "'!e wish to investigate the causes of developmental change in s1m1l~nty proces~
ing. Jn particular, we want to ask whether changes in children. s
similarity processing can be accounted for by acqms1hon of domain
knowledge rather than by changes in intellectual competence. Our
extended account of the career of similarity draws on three proposals:
(I)

1

The differentiation hypothesis proposed by E. ]. Gibson (1969) and
elaborated by Shepp, Kt>mler, and Smith and their col_leagues (e.g.,
Shepp, 1978; Smith, 1989; Smith & Kemler, 1977), which postulates
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(2)

(3)
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th..11 1..'.1rly s11n~l.1 rity 1.s hohstif .1nd glob.ti and that lhl• ability to process v,1nous kinds ol par1i.1I s1n11l<1rity - su1..·h JS sin1il.1rity of 1..·olur or
ol shapl' ·· 1..h•vclop~ l.tll•r.
ThL• rL•lati(~nal-shifl hypothesis,_ ~hich postulates th.11 the ,1 biJity lo
process ob1ect-bast.>d con1n1onaht1es precedes the ability to process relational con11nonalities (Gentner, 1988).
The furlh<~r. proposal that th(• ~1~iJity to process firsf-order relational
comn1onaht1es precedes the ab1hty to process higher-order relational
con1monalities.

The third hypothesis was originally proposed by Piaget (lnhelder &
Piaget, 1958) and has been developed by Halford (1987) and by
Sternberg and his colleagues (Sternberg & Downing, 1982; Sternberg & Nigro, 1980; Sternberg & Rifkin, 1979). We depart somewhat
from these approaches in that Piaget and Sternberg focused on only
one higher-order relation, namely, identity of first-order relations.'
In our account and in Halford's account, other higher-order relations are included. A more important difference is that the consensus among the other researchers is that the shift is due to changes
in cognitive competence: specifically, the advent of formal operations (e.g., lnhelder & Piaget, 1958; Piaget, Montangero, & Billeter,
1977). We emphasize instead the logical dependency of higher-order
predicates on prior possession of their lower-order arguments. We
therefore leave open the possibility that the progression may be
governed by the degree of knowledge rather than by the child's stage
of cognitive competence (e.g., Brown, 1989; Ortony, Reynolds, &
Arter, 1978).
Combining these three hypotheses, we arrive at the following account of the career of similarity. The early use of similarity is characterized by a reliance on highly conservative holistic similarity
matches: exact or nearly exact matches between all aspects of the
two situations (e.g., the commonality between an apple on the table
and another apple on the table). Early development is characterized
by a gradual lessening of the closeness of the match required to
perceive similarity. Thus, various kinds of partial matches become
possible. Objects and other separable components of situations can
be matched even when the rest of the situation does not match (e.g.,
an apple on the ta/1/e can match an apple 111 a tree). Next, object attributes can be matched even when the other qualities of the objects
do not match (e.g., " RED apple can match to a RED block), and it
also becomes possible to respond to purely relational commonalities

(e.g., the first-order n•lational commonality that an "1'1'11' FALLING
FROM a free is similar to a l•1ok FALLING FROM a shelf (Gentner, 19881).
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On the basis of Smith's (1989) discussion, we suggest that the first
purely relational match that children can reliably extract is that of
identity between whole objects (e.g., the commonality between two
identical apples and two idenlical l•10ks). Identities between parts and
along dimensions are extracted later (e.g., the ide11titnl-color commonality between a red apple near a red book and a green /mil' 11ear a
green ball), as are identities based on other first-order relations. Finally, children acquire the ability to match situations based on common higher-order relations (e.g., the similarity between an al'l'le falling from a free, PERMITIING a cow lo reach it and a book falli11g from a
slll'lf, PEHMJTTING a child to rmch ii) (Gentner, 1988; Halford, 1987).
' As we will discuss, throughout this developmental sequence there
is often tension between perceiving object-based similarity and perceiving relational similarity. We do not wish to propose a strict ordering in which all object-attribute comparisons enter before all relational comparisons; as shown in Figure 7.1, these are not logically
dependent on one another.

Thus, we follow Quine in hypothesizing a development from a
na·1ve to a niore sophisticated use of sin1ilarity. Also like Quine, we
leave open the possibility that adults continue to experienct• original

'"brute similarity" even after acquiring the use of theoretical similarity. Our account of the .career of similarity also draws on prior
psychological theories that have suggested a shift from holistic, unanalyZt'd, concrete conc<'pts to more highly differenllated and/or
more abstract concepts, notably E. J. Gibson's (1969) notion of differt>ntiation and Bruner's proposed shift from reliance on perceptual
information to reliance on functional information (Bruner, Olver, &

Grt•enfield, 1966). How<•ver, W<' diifer from most prior theorists in
an important respect. Rather than seek to explain the development
of sin1ilarity in ter1ns of global stages of competence, we will
<1sk whetht.•r a weaker expl.1nation will suffice, namely, accn.•tion of
knowledge (Brown, 1989; 13rown & Campione, 1984; Centner,

230 D. Gentnt>r .ind M. ). Rattermann
1977a, b; Ortony et al., 1978). We will return to comparisons with
other views after elaborating our position.
Tile relational shift

The relational-shift hypothesis is that the ability to process similarity
based on object commonalities precedes the ability to process similarity based on relational commonalities. To support this hypothesis, Gentner (1988) cited several findings. For example, when asked
to interpret a figurative comparison,' such as "A cloud is like a
sponge," 5-year-olds produced object-attributional commonalities,
such as "They're both round and fluffy," whereas adults mentioned
relational commonalities, such as "They both store water and later
give it back to you." Nine-year-olds produced a mixture of the two
response types. Thus, the younger children responded mainly on
the basis of object similarity, whereas the adults responded on the
basis of relational similarity. Similar findings were reported by Billow (1975). He asked 5- to 13-year-old children to interpret a series
of verbally presented metaphors, which embodied either object similarity (e.g., "Hair is spaghetti") or "proportional" (relational) similarity (e.g., "My head is an apple without any core"). He found
that the ability to interpret metaphors based on relational similarity
developed later than the ability to interpret metaphors based on
object similarity. A possibly related development from naive to sophisticated patterns in metaphor interpretation has also been observed by Gardner and Winner and their colleagues (Gardner,
f(jrcher, Winner, & Perkins, 1975; Gardner & Winner, 1982). Finally,
patterns consistent with the relational shift have also been observed
in metaphor production. Winner (1979) analyzed the metaphoric
productions of a child (Adam) from the time he was 2,3 years old
lo the time he was 4, ID years old. She found that shape-based metaphors (e.g., metaphors based on common contour, such as "A pencil
is a big needle") were predominant (65%) and that relationally based
metaphors (e.g., metaphors based on configuration, such as "Adam
sleeping on Daddy" when pulling a small alphabet letter on a larger
one) were quite rare (12%).
Before interpreting this change in performance as due to an increase in children's facility with relation similarity, we must ask
whether it could instead be explained simply as an increase in
knowledge of metaphoric aesthetics. Perhaps it is not children's
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fundan1ental apprt>hL'nsion of sin1ilarity that i!'j ch.tnging, but rather
tht..•ir sense of what is considered clever or apt in discourse. ·rhe

possibility is vitiated by the results of an~ther _task: an analogical
mapping task conducted by Gentner and roupm (1986), 111 which
children had to map a plot structure from one set of actors lo another. Two factors were varied: (a) the degree lo which corresponding actors resembled one another (transparency) and (b) whether
children were given an explicit summary of the higher-order relational structure (i.e., the social or causal moral that governed the
plot) (systematicity). The plots themselves were identical across conditions. The performance of 6-year-olds was affected only by the
transparency of the object correspondences; for example, they could
accurately retell the story when squirrel mapped onto chipmunk, but
not when it mapped onto moose. The presence of a higher-order relational structure had no effect on them. In contrast, 9-year-olds were
affected by both variables. Without a systematic representation, their
performance, like that of the 6-year-olds, was governed by object
transparency. However, in the systematic condition they were able
to transfer the story accurately regardless of the transparency of the
correspondences. Jn summary, the younger children relied on object matches, whereas the older group, given explicit relational
structure, could carry out an analogical mapping despite difficult
object correspondences. Other studies of analogical transfer have
found similar effects. For instance, Holyoak, )unn, and Billman (1984)
found that 5-year-old children transferred a problem solution more
successfully when object similarity was consistent with the correct
solution strategy.
The finding of a relational shift in transfer tasks is a crucial addition to the findings of metaphor interpretation and production tasks.
It means that developmental changes in the aesthetics of figurative
language, though they may occur, cannot account for the whole
phenomenon. However, there remain several possible explanations
for the results obtained. First, the shift could reflect a global change
in basic cognitive competence. As discussed earlier, Piaget posited
that the ability to process analogical similarity is associated with formal operations (lnhelder & Piaget, 1958). Indeed, Billow (1975) interpreted his findings in this light and suggested that the performance of the children m his experiment was closely aligned with
their Piagetian stage. This possibility is especially relevant here since
the studies reviewed so far, as well as many others, have shown a

2J2

IJ. (~enlnt..'r .111d M.

J.

){,tltl'rn1tu111

shift during an .tgl' range roughly co1npatibll:' wilh the onst..•I of forn1cil opl'rations (st..•e Gosvv.1111i, 1991, for .1 rt•view). Sl'cond, the relational shift could reflect the 11t'qt11::'ilio11 of do111ni11k11ou1/l'dgc 1 (Brown,
1989; Brown & Campione, 1984; Brown & DeLoache, 1978; Chi, Feltovich, & Glaser, 1981; Gentner, 1977a, b; Larkin & Simon, 198!;

Ortony et al., 1978). On this account, young children's inability to
perform relational mappings results from a lack of knowledge about
the requisite domain relations (Brown, 1989; Goswami & Brown
1989). There is a third possibility, namely, that the relational shif;
reflects the accretion of learned mapping strategies, in the spirit of Carey's (1984) discussion of acquired intellectual tools. That is, even
given the basic intellectual competence and requisite domain knowledge to carry out an analogy, there might still be differences in performance due to the amount of practice (and, hence, the degree of
acquired fluency) in the processes of carrying out a relational mapping.
These three classes of explanation make different predictions. The
maturational-stage view predicts global changes in intellectual competence. The domain-knowledge view predicts that the relational
shift will occur at different ages across different domains. The learnedstrategy view is not as clear in its predictions, but roughly predicts
an intermediate pattern of results. As in the domain-knowledge account, the relational shift should appear earliest in the simplest and
most familiar domains; but as in the maturational-stage view, there
should be some cross-domain linkage to the extent that the mapping
strategies learned in one domain can be transferred to other domains. Although the learned-strategy view is appealing, its compatibility with a wide range of results makes it difficult to test.
Therefore, we will concentrate chiefly on the other two explanations, which make very different predictions. Our method will be
to survey research on the development of similarity across different
domains. If the ability to perceive relational similarity develops at
approximately the same age across different domains, this will constitute evidence for the maturational-stage view and against the
domain-knowledge view. If shifts in similarity processing occur ear-
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If thl' don1ain-knuwledge hypothl'sis is correct, children's perfor1nance on similarity tasks should be better in familiar domains. Ann

Brown and her colleagues have carried out many insightful studies
that support this claim. Crisafi and Brown (1986) found that children's performance on a complex problem improved substantially
when the ob1ects and events used in the problem were made more
familiar. Brown and Kane (1988) gave children a simple transfer task
in which they had to carry across familiar relations such as st11ck1ng,
11ulli11g, and swinging. They found that even 3-year-olds were quite
good at transferring solutions across situations when their task con-

ditions promoted thinking about relational similarity. Brown (1989)
used an especially simple task, in which children had to use a tool
to reach for a desired toy. She found that even 24-month-old children were able to chose a correct pulling tool from a transfer set
after initial experience with a similar tool that could be used in the
same way. In another analogy task, Gentner (1977a, b) showed that
young children can perform a spatial analogy between a human
body - which is a highly familiar domain, even for preschoolers and simple pictured objects, such as trees and mountains. She showed
children simple pictures, such as a picture of a tree, and asked, "If
a tree had a knee, where would it be?" Even 4-year-olds (as well as
6- and 8-year-olds) were able to perform the mapping of the human
body lo the tree. They were as accurate as adults, even when the
orientation of the tree changed or when confusing surface attributes
were added to the picture.
We have seen evidence that young children perform well on
similarity-based tasks involving ran1iliar domains, consistent with

the domain-knowledge interpretation of the relational shift. However, in many of these tasks there was at least a partial correlation
between relational similarity and object similarity. We need to know
whether children can respond relationally when relational similarity
is uncorrelated with, or even pitted against, object similarity. In a
study aimed in part al testing the relational-shift hypothesis, Goswami and Brown (1989) manipulated relational similarity and object similarity independently. They presented children a)-\ed 3, 4,

lier for domains that are highly familiar to young duldren, this will
be evidence for the domain-knowledge explanation and against the
maturational-stage explanation. We begin by surwying children's

and 6 years with a
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,,nalogit.>s had found poor performa nce in gradl• s':hool ~hildren
(Stl?rnbe rg & Nigro, 1980, S tern~r.,; & Rifkin, 1979). llowev~r. previous research by Goswami (l98'J) had shown lhat when the relations in a n a nalogy wen~ mad e sufflciently accessible, ii was possible
for children to map re latio ns . She presented 4- to 7-year-old children
with analogies based on simple re lations such as shape, color, and
pattern a nd found that children a s young as 6 years w ere able lo
solve the analogies. Goswami and Brown drew on this methodology
in their studies of causal analogies. They attempted lo control for
the effects of domain knowledge and relational complexity by using
familiar causal transformations such as cut, bumtd, and dirtied. They
also pre tested the children's knowledge of these relations to ensure
t~at they understood the nature of the transformations. The children were then shown pictwes forming the first three terms of an
analogy (A : B: :C :?) and were asked to choose which of several pic•
tures corTectly completed the analogy. lnduded in these choices were
the correct object with the right transformation (the correct answer),
the correct object with the wrong transformation, the wrong object
with the right transformatio n, an object that shared a few object
attributes with the C te rm of t.he analogy, 4 and other alternatives.
Goswami and Brown found that aJI of their subjects, even the 3year-olds, performed well in this task, selecting the correct alternative 52% of the time and choosing the same-attributes choice only
8% of l~ time. Four-year-olds performed even better: 88% correct
and I% attribute choices. The authors concluded that even 3-year·
olds can resis t object similarity and respond relationally whe n given
simple causal relations to map.
The Goswami and Brown study admirably addressed the effects
of familiar domains and re lations un children' s abiaity to carry out
analogical mappings. However, w e suspect that object similarity may
have playe d a considerable role in the results. We obtained adult
ratings of similarity for the stimuli used in this study.!\ The subjects
were shown the stimulus pictures used by Goswami and Brown a nd

were asked to rate the perceptual similarity of each possible re·
sponse when compa red with the C te rm of the analogy. In a ll cases,
the correct answer was rated as more similar to the C term 1han the
attribute match . Thus, these results do no l tell us whe the r childre n
can respond lo purely relational similarity, particularly if pittt!d a~ainst
object similarity.
In summary, the results of tasks set in simple far,niliar domains
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pmvkll• t•vidence of transft•r clbility in young ch ildrl.'ll. ffoWl'Vl'r, it
is difficult lo isoL'ltc relational simila rity from objl'<'t simil<trity in mosl
of these tasks. Thus, in many of the tasks the wlalional struclure
was supported by various kinds o f correlated objecl similaritit!s. (In
fact , had this n.ot been thl' case, the tasks mig ht have lx>en quite
unnatural, defeating the dfort lo simplify the domains :) Thus, although tasks involving simple causal situations have provided
suggestive evidence, il is not yet possible to draw strong conclu - ·
sions regarding children' s ability to use purely re lationa l s imilarity.

Similarity in percqJlual domai11s
We no w turn from s tudies involving causal re lations to those involving perceptual relations - for example, first-order re lations such
as BIGGER (X, Y), SAME COLOR (X, Y), and ABOVE (X, Y) and higherorder re la tions such as identity and symmdry. Altho ugh tasks based
on perceptual similarity lack the dynamic interest of tasks based on
causal similarity, they have several advantages for our purposes.
First, perceptual relations can be inferred directly from the .stimuli,
whereas the inferring of causal relations typically requires additional
background assumptions. Second., perceptual relations hav~ a wide
latitude of application relative to causal relations.• Thus, in studies
of percep tual similarity it is possible to vary objects and re lations
independently, permitting one to test different kinds of matches.
Finally, since childre n are exposed from birth lo spatial configurations of objects, even infants have some fam iliarity with perceptual
relations. This allows us to extend our survey of similarity deveJopmenl to a much earlier age.

Verv mr/11 ~imilari/11 use. Assessing the simila rity perreptions of young
inf~nts poses so~ething of a challenge. O ne method that has prove.d
success ful is that of sequenlial touching, in which the orde r of spontaneous manipula tions of objects is observed (Nelson, l 'J73a; Ricciuti, 1965; Sta rkey, 1981). In fa nts as young as 12 months will sequentially touch o r g roup identical objects. For example, Su~arma n
(1982) prest>nte d children aged 12 to 36 months with a collectio n
conta ining two identity classes - for example, fou r plates and four
square blocks . One o bject from each class was placed o n the table,
and thl' child was a llowed to place tht• o ther six objects. As in i:omparabk s tudies, all age groups ~ngagt•d in some similarity ·b4\Sl'd
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grouping behavior (Nelson, 1973a; Ricciuti, 1%5; Starkey, 1981), with
younger infants producing simple one-class groupings (e.g., making
a row of plates while 1gnonng the blocks) and older infants often
producing two-class groupings (e.g., making a row of plates and a
row of blocks), a process that requires comparing items to determine
similarity and difference.
Thus, very young infants can respond to identities among objects.
Other research suggests that close similarity among objects may be
suffment. Mandler and Bauer (1988) used object manipulation and
sequential touching as the dependent measure in a study with 12-,
15-, and 20-month-old subjects. They presented the infants with objects from two different basic-level categories (e.g., dogs and cars),
two superordinate categories (e.g., animals and vehicles), or two contextual categories (e.g., bathroom things and kitchen things). The objects in the superordinate and contextual categories were physically
quite dissimilar. By using these different sets of objects Mandler and
Bauer hoped to determine whether categories with a high degree of
within-category similarity (e.g., basic level) are easier to form than
categories with a low degree of within-category similarity (e.g., superordinate and contextual categories). They found that at all ages
the infants tended to touch objects sequentially from the same basiclevel category (50% of the 12-month-olds did so) and, to a lesser
extent, objects from the same superordinate (25%) and contextual
(35%) categories. Mandler and Bauer also found that the infants'
propensity to respond to superordinate categories increased with
age. Here, too, similarity influenced the infants' performance: Mandler
and Bauer reported that "children find it easier to differentiate sets
of objects from two superordinate classes when the objects look alike
than when the sets are physically less similar."
Young infants appear to be guided by object identity or very close
similarity in sequential exploration of collections of objects. This is
consistent with our suggestion that the first stage in the career of
similarity is marked by the use of massive overaU similarity matches.
We now turn to an insightful and revealing set of studies by Baillargeon and her colleagues (Baillargeon, 1987, 1990, 1991, in press;
Baillargeon, Spelke, & Wasserman, 1985) that (a) reinforces the claim
that very early similarity is highly conservative and (b) suggests that
a shift toward the ability to process partial matches begins very early.
This study uses a different paradigm than the previous studies, and
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Mild Violation

Severe Violation

Figure 7.2. Apparatus from moving-screen study. (Adapted from Bail·
largeon, in press.)

the reasoning is rather subtle. Therefore, we begin by laying out the
I

j

basic task.
Baillargeon habituated
and 6i-month-old infants to a screen
that rotated back and forth through a 180-degree arc from a position
flat on the table at one end of the arc to the same position at the
' other end of the arc. After the infant had become habituated to the
movement, a 25-cm-tall box was placed 12.5 cm behind the screen,
and the infant saw one of two events. In the possible event, the screen
rotated until it hit the box (112 degrees). In the impossible event, the
screen rotated 135 degrees, seemingly passing through the top 50%
of the box (a mild violation), or 157 degrees, seemingly passing
through the top 80% of the box (a severe violation), or 180 degrees,
seemingly passing through the entire space occupied by the box (an
extreme violation) (Figure 7.2).
The question was whether the infants in the impossible-event
condition would look reliably longer at the display than the infants
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in the possible-event condition. If so, they were assu1ned to have

detected lhe violation. The younger infants (4]-monlh-olds) showed
such a patlern only for the extreme violation, when the screen passed I
entirely lhrough the box. The 6]-month-olds could detecl the violation when the screen passed through the top 80% of the box. (They,
readily accepted the milder 50% violation.)
'
Jn a subsequent study, Baillargeon (1991) again presented 4)- and'
6)-month-olds with the occluded-box task. However, this time an
identical box was placed beside the first box out of the screen's path; I
this second box remained visible through the test trials. When the I
visible box was in place, (a) the 4l-month-old infants detected both I
the mild (50%) and severe (80%) violations and (b) the 6]-month- i
old infants detected the mild (50%) violation. The infants seemed '
to use the visible box as a standard on which to base expectations
regarding the target box behind the screen. If so, this would constitute a kind of mapping from the visible box - its size and posilion - to the invisible box. Having shown that the infants used an i
identical visible box as a standard, Baillargeon (in press) wenl on to
manipulate the degree of similarity between the visible box (which was
always a red box with white dots) and the target box. In the highsimilarity condition the target box was also red but with green dots.
In the moderate-similarity condition the target box was yellow with I
green dots, and in the low-similarity condition the target box was
yellow and decorated with a clown face (Figure 7.3). When Baillargeon
presented infants with the mild violation (the screen passing through
50% of the box) under these three levels of similarity-of-standard,
she found an interesting pattern of performance. Only in the highsimilarity condition were the younger infants (4l-month-olds) surprised. In the low- and medium-similarit,Y conditions they failed to
detect the violation. The older infants (62-month-olds), in conlrast,
detected the violation in both the high-similarity and the moderalesimilarity conditions, but not in lhe low-similarity condition.
These results suggest two fascinating possibilities. First, young infants may be able to map inferences from a visible objecl lo an occluded object; thal is, they can carry out an early form of analogical
mapping. Second, this inferenlial process is extremely conservalive.
It requires massive overall similarity belween the slandard and lhe
target. Younger infanls (4l monlhs) are highly reliant on objecl sim- :
ilarity; anylhing less than a perfecl malch between the two slimuli '

Tar~cl

tll1ddl'n) llox

High Similarity

Medium Similarity

!

Low Similarity

Figure 7.3. Stimuli from moving-screen study. (Adapted fron1 Baillargeon, in press.)

diminishes the infanls' ability lo transfer. By 6] months there is slightly
less reliance on massive similarity, although the infants' lransfer is
still quite restricted.
So far we have discussed evidence for an early reliance on close
object similarity, with a gradually developing ability to use less complele similarity malches. We now discuss an intriguing study thal
suggests something akin to a relational shift occurring in the first
year of life. Kolslad and Baillargeon (1990) familiarized 5)-, 8)-, and
10;-month-old infanls to an even! in which a silver-gloved hand held
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drl'n aged 31 n1onths and JH months watched as .1 large Snoopy

,, )'l'flow cylindrica I container decorated with red hearts upright in
l~hl.•n,

tated the container forwan..1, so that the infant could see the open-

doll was hidden in thl' regular-sized room. 'fhen the children were
told that a n1iniaturL' Snoopy was hiding in th~ san1e place in a small

ing, and backward, so that the infant could see the bottom of the
container. After the container was returned to an upright position,
it was moved to the back of the display, where there was a tap. The
infant watched as salt poured from the tap and filled the container.
The hand then moved the container to a hole in the center of the
display and poured out the salt. This sequence of events was repeated two more times with two different, but perceptually similar
containers (a blue cylinder decorated with purple diamonds and a
pink cylinder decorated with black dots).
After these three familiarization events, the infant was shown two
test events. The test events were identical to the familiarization events
except that different containers were used. In the box test the container was a rectangular box covered with white paper and pastel
flowers. In the tube test the container (a yellow cylinder decorated
with black diamonds) was similar in appearance to the cylinders
used in the three previous familiarization events; however, it appeared to have no bottom (in fact it had a transparent plastic bottom). If the infants watching these test events were basing their inferences of containment on surface similarity, one would expect that
they would be surprised when the perceptually different box contained salt. If, in contrast, the infants were basing their inferences
on the relationally relevant feature of having a bottom, they would
be surprised when the (bottomless) cylindrical tube contained salt.
Baillargeon found that
and 8)-month-old infants looked reliably
longer at the box event, suggesting that they were surprised that
an object that differed in appearance /rom the original cylinder events
could hold salt. In contrast, the 102-month-old infants looked reliably longer at the cylindrical-tube event, suggesting that they were
surprised that an object that had no bottom could contain salt. This
research suggests that a shift from a focus on overall object similarity to a focus on relational similarity begins to occur even in the
first year of life, at least for some very familiar relations such as
containment.
Now we turn to research by DeLoache (1989, 1990) on preschoolers' ability to map between entire situations. DeLoache's task utilized relations and objects likely to be highly familiar to preschool
cluldren, namely, dolls, dollhouses, and an ordinary room. Chil-

scale-model room. The children's task was to find little Snoopy in
the model room. When given this task, 38-month-old children could
i find little Snoopy in the model room (about 80% correct retrieval);
however, 31-month-old children were virtually unable to perform
' the task (about 15% correct retrieval). (Yet, like the older children,
they were able to retrieve the large doll from the original room 80%
of the time, showing that they had no trouble remembering the locaton of the original doll.) What makes these findings remarkable
is that the two rooms were nearly identical except for size - they
: contained the same furniture in the same arrangement. Moreover,
before the task began, all of the children were shown both the original room and the model room and the correspondences were pointed
out (e.g., "This is big Snoopy's couch; this is little Snoopy's couch").
Since both object similarity (in that the pieces of furniture were
alike except for size) and relational similarity (in that the relative
locations of the furniture were alike) were present, this task can be
viewed as a literal similarity mapping from the large room to the
small room. 7 Indeed, for adults this seems to be such a strong case
' of literal similarity that it is difficult to grasp that a 2-year-old might
, fail. Yet even under what seem to be conditions of very strong over' all similarity, we see a marked difference from the performance of
31-month-olds, who generally failed the mappmg task when there
was a difference in size, to the performance of 38-month-olds, who
seemingly shared the adult sense that a simple change in scale does
not greatly diminish similarity.
, Jn another study, DeLoache tested the older children's abilities by
! manipulating the object similarity - that is, the similarity of furniture - between the original room and the model. In the high-objectsimilarity condition the furniture in the model was highly similar lo
the furniture in the room (as in the previous task). In the low-objectsimilarity condition each piece of furniture in the model room shared
I the same basic shape and size (and relative location) as the corresponding object in the original room, but was otherwise dissimilar
in appearance. Performance was markedly lower in this low-objectsimilarity condition. The 38-month-olds could perform the mapping
in the high-similarity condition (70% correct) bul performed badly
, in the low-similarity condition (20% correct). (Not surprisingly, this
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similarity manipulation had little l'ffect on the JI-month-olds, who
were already performing badly even in the highest-similarity condition.)' Thus, the results indicate a strong dt>pendence on literal
similarity: For 38-month-olds, changing the appearance of the objects is disruptive.
As in the research discussed in the preceding section on familiar
domains, the objects and relations in the DeLoache studies have
been perfectly correlated. Consequently, there remains the question
of the relative contributions of common objects and common relational structure to the children's performance. DeLoache performed
a further study that addressed this question. In this task the object
similarity between the furniture pieces was high, but the model was
rearranged so that the spatial relations between the furniture in the
original room and the model were different. There were two conditions: (a) the toy was hidden behind the corresponding piece of
furniture (same object), or (b) the toy was hidden in the same relative
position in the two rooms (e.g., both toys were hidden in the southwest corners of the rooms) (same spatial relation).
Before experiencing this rearranged model, the 3-year-olds in both
conditions of the study were first run in the standard retrieval task.
One day later, they were given the rearranged search task under
one of the two experimental conditions. The Day 1 results replicated
those found for 3-year-olds in Experiment 1: The rate of correct retrievals was approximately 80%. The results when the furniture was
rearranged on Day 2 were quite striking: The children performed
well in the same-object condition (approximately 80% correct retrieval) but very badly in the same-spatial-relation condition (approximately 5% correct retrieval). Thus, the children could perform
a mapping based on object similarities, but not a mapping based
solely on common relations. This rules out the possibility that the
children in DeLoache's task were using a purely relational mapping.
We might ask whether the reverse possibility is true: that performance on the tasks described so far might have been based entirely
on object matches. There is evidence, however, that this was not
the case. In the study just discussed, the children received the normal mapping task (in which model and room had the same arrangement of furniture) before performing the rearranged mapping task.
When DeLoache gave 3-year-olds the rearranged mapping task as
their initial task, they performed very badly, even in the similar- '
object condition (20 to 30% correct performance, as opposed to 80%
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correct perfonn'1nce when the task was preceded by the normal

mapping task). The fact that their performance on the object-mapping
version of the difft_•rent-configuration mapping task was so much

better after they had experience with the standard-configuration
mapping task suggests that the children may have required an initial literal-similarity match encompassing the entire situation. They
apparently used both object similarity and relational similarity in
their initial detection of the correspondence between model and room.
However, these results also suggest that one outcome of making
this initial mapping was that the children then went on to extract a
partial match, namely, one based on object similarity.
The results of this series of studies suggest a striking degree of
conservatism in young children's similarity matches; the children
seemed to rely on an exact match between the two situations, even
in the very simple mapping task. Indeed, for 31-month-olds, similarity in shape, color, texture, and category was not sufficient; similarity in size was also necessary. Children's ability to carry out
similarity mappings appears to be sensitive to both relational commonalities and object commonalities.
Attributes and dimensional relations. Much of the early research on attributes and dimensions was based on Garner's investigations of
stimulus structure and its effects on classification and memory (Garner, 1974). Before discussing this work, we need a bit of terminology. Our distinction between attributes and dimensions follows that
of Garner (1978). An attribute is a component property of a stimulus,
such as color, size, or form, that helps to define the object but is
not equivalent to it. A dimension is a set of mutually exclusive attributes, or, as Palmer (1978) puts it, a set of mutually exclusive
relations between an object and a value. For example, "three feet
tall" can be an attribute of an object, but it is clearly a dimensional
attribute since "three leet taU" precludes "four feet tall" or any other
member of the same dimensional class. Gibson (1969) further noted
that dimensions are often continuous and ordered sets of attributes.
For our purposes, it is important to note that for children to perceive
a set of attributes as a dimension' they require some knowledge of
the relations between those attributes (mutual exclusivity, ordering,
etc.).
Garner and Felfody (1970) hypothesized that pairs of dimensions
differ in their combinatorial properties (as perceived by adults). In-
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lL•gral dirnensions, such as hue and brightness, arL• perceived as one
!

combined dimension, whereas separable di1nensions, such as size
and shape, are seen as lwo perceplually dislinct componenls. Shepp
and his colleagues reporled a developmental progression whereby
some combinations of dimensions that are seen as separable by adults
are perceived as integral by young children (Shepp, 1978; Shepp &:
Swartz, 1976). For example, 5-year-olds show a redundancy gain in
a speeded sorting task when color and form are correlated. This
redundancy gain is taken as an indication of integral processing and
suggests that color and form are perceived integrally by young children, though separably by adults (Garner & Felfody, 1970). Similarly, young children classify stimuli varying in size and brightness
according to overall similarity, again treating as integral two dimensions that for adults are separable. On the basis of these findings, Shepp (1978) proposed a developmental trend from perceived
overall similarity to perceived dimensional structure-"'
Smith and Kemler (1977) provided further evidence for a developmental trend from holistic similarity processing in young children
to analytic similarity processing based on common dimensions in
older children and adults. Smith (1989) has amplified and extended
this proposal into an admirably specific framework. Of particular
importance here is her suggestion of a progression in children's similarity processing from overall similarity to object idenlity to common values on a particular dimension to common dimensional relations. For example, Smith (1984) used a follow-the-leader task to
investigate 2-, 3-, and 4-year-old children's ability lo process similarity defined in terms of object identity, common altributes, common identity relations, or common dimensional relations. Two experimenters chose .objects from sets of toys that shared one of the
following:
(I)
(2)

Object identity - for example, both experimenters chose green planes,
so that the child had only to match Xl and Xl; tht..• correct response

was another green plane.
Identity relation - for example. Experimenter I (El) chose two red cars
and E2 chose two white daisies, so that the child had to match IDENTICAL

(3)

(XJ, X2) and

IDENTICAL

(YI, Y2); the correct response was two

cars of the same color (but not necessarily white or red).
Conunon attributes - for example, both experimenters chose red ob-

jects. so Iha! the child had lo match

RED (X)

response was another red object.

(4)

and

RED

(Y): lhe correct

~011uno11 d~11u·11sio11a/ relatcu11s - (or example, El chose two green ob1ects and E2 chose two yellow objects, so thal the child had to match
IDENTICAL

(color, (XI), color (X2)) and

IDENTICAL

(color, (YI), color

(Y2)); the correct response was (e.g.) two red objet·ts.

1
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All of the children performl'd extn.·n1l•ly well on lhl• object-idl•nlity
trials (clll ol the 2-year-olds achil•ved criterion of 75'ft, corrl'CI}, as
well as on the identity relations trials (90% of the 2-year-olds arhic•vcd
crilerion). They also performed well on the common-attribute tri_als;
70% of the 2-year-olds achieved criterion on color and 80% on size.
However, performance dropped sharply on the trials involving
common dimensional relations; in fact, none of the 2-year-olds
reached criterion for either color or size. In this and in other studies,
the order of emergence seems to be matching identical objeds - which
Smith (1989) suggests has a special place in the development of similarity - followed by matching the identity relation and then by
malching simple object attributes. Still later, attributes become organized into dimensions such as color and size, and children can match
relations between attributes along the same dimension.

Comparing the effects of object similarity and relational similarity
As discussed earlier, an advantage of perceptual domain is that it
is possible to decompose relational similarity and object similarity.
Jn collaboration with Judy DeLoache, we investigated the performance of 3- and 4-year-olds on a perceptual mapping task in which
relational similarity was pitted against object similarity (Rattermann
& Gentner, 1990; Rattermann, Gentner, & DeLoache, 1987, 1989).
In this task, the child and the experimenter each had a set of three
objerls (clay pots or blue plastic boxes), which displayed mmwtomc
incrca~t· in size. That is .. the objects increased in size along a continuum from left to right. The child watched while a sticker was placed
under one of the objects in the experimenter's set and then searched
for the sticker under one of the objects in the child's set." The task
was designed so that lhe relational response was always correct;
thal is, the correct response was always based on relative size (e.g.,
largest object to largest objecl). 12 The child was always shown the
correcl answer and, if correct, was allowed to keep the stocker.
We introduced a tension between object similarity and relalional
similarity by staggering the sizes of lhe lwo triads. For example, if
the experimenler's set contained objects of size 1, 2, and 3, the child's
set contained objects of size 2, 3, and 4. ·rhis arrangement created
a cross-mat"Ping between the two triads: If the experimenter chose
objecl 3 in her triad, the child should choose object 4 (the objerl of
the san1e relative size) in his triad, resisting the perfect object n1atch
betwec•n lhe experimenter's objecl 3 and the child's object 3. Thus,
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ruptl"d when object si1nll<.lrlty was in Ct>nflicl with the correct rl•lational similarity, .ind this dl•crt•1nent was worse with richer stin1uli
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Figure 7.4. Stimulus sets from Rattermann, Centner, and DeLoache
(1987, 1989).

the logic of this task was to pit object similarity against relational
similarity and observe whether the child would carry out the relational mapping between the two structures.
To carry this logic further, if indeed the tension between objectbased and relation-based similarity in the cross-mapping condition
hampers children's performance, then this disrupting effect should
vary with the degree of similarity. To test this, we compared the
simple stimuli discussed so far with complex, distinctive objects such
as a large red flower, a medium brown wooden house, and a small
green and pink coffee mug (Figure 7.4). This manipulation should
enable us to address the issue of effects of object similarity more
precisely, for the richer an object (i.e., the greater the number of
features it possesses) the greater should be its similarity to an identical object (Tversky, 1977). Therefore, the disruptive effects of the
object matches in the cross-mapping condition should be greater with
the richer stimuli. The results of the richness manipulation were as
predicted. The children performed worse with the rich than with
the sparse stimuli (33 vs. 54% for the 3-year-olds and 38 vs. 63% for
the 4-year-olds). Consistent with the competing-similarity account,
we also found significantly more object identity responses with the
rich stimuli than with the sparse stimuli. Performance was dis-

and for younger children.
As an additional check on the consistency of the predictions, we
ran a literal-similarity condition, in which object similarity was correlated with relational similarity. To accomplish this we restructured
the experimenter's set and the child's set such that both contained
objects of size 1, 2, and 3. Thus, the experimenter's choice (e.g., the
object of size 3) could be mapped onto the child's correct choice
(also size 3) on the basis of relational similarity, object similarity (the
objects were identical), or both. As expected, children performed
extremely well in this condition. The 4-year-olds performed virtually
perfectly with both rich and sparse stimuli. In contrast, the 3-yearolds performed well only with the rich stimuli (86% correct, as opposed to 55% correct with sparse stimuli). The 3-year-olds appeared
to benefit from the additional similarity conferred by a rich object
match. These two tasks present a consistent picture: In a task that
requires attention to relational similarity, 3-year-olds benefit from
rich object similarity when object similarity and relational similarity
are correlated and are distracted by it when the two are in competition. Four-year-olds show greater ability to extract purely relational similarity when necessary, though they too find the task easier when both relational and object similarity point in the same
direction.

The shift from lower-order relations to higher-order relations. The last step
in our proposed career of similarity is the shift to the ability to perceive similarity solely on the basis of common higher-order relations. Kotovsky and Gentner (1990a, b) studied children's ability to
perceive similarity based on perceptual higher-order relations such
as monotonicity and symmetry. They gave 4-, 6-, and 8-year-old
children a forced-choice triads task in which they were shown a
standard embodying some relational structure - say, symmetry (e.g.,
XoX) - and asked to say which of two other figures it was most
similar to: another instance of symmetry (HiH) or a second figure
that lacked the symmetry relation (iHH). Four-year-olds chose randomly, whereas 6- and 8-year-olds were progressively more likely
lo select the figure with the common higher-order relations. Additional evidence is provided by Chipman and Mendelson (1979), who
presented 5-, 7-, 9-, and I I-year-old children with pairs of patterned
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displays and asked them to judge relative complexity. They found
an age-related increase in the effect of structure on these complexity
judgments. The older children judged stimuli that contained higherorder visual structure as relatively less complex than did the younger
children. Similarly, Halford and Wilson (1980) found that 4-year-oJd
children were able to learn mappings based on first-order relations
but not those based on higher-order relations, whereas children over
5 years of age were able to learn both.
Taken together, these results suggest that in perceptual similarity
(a) there is a shift toward greater perception of common higher-order
relations and (b) some higher-order relational commonalities are
perceived well before the advent of formal operations. Recently, Kotovsky and Gentner (1990b) have found that even 4-year-olds can
be taught to choose on the basis of higher-order relations with training. The fact that higher-order commonalities can be taught to young
children is further evidence for an experiential, rather than a solely
maturational, basis for this progression.
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In our summary of the development of similarity in causal domains,
we found a progression from the ability to perceive overall similarity
between two situations to the ability to perceive various kinds of
partial matches: matches between particular objects, matches between object attributes and between first-order relations, and finally
matches between higher-order relations. A similar, though more detailed, developmental sequence appears to hold in perceptual domains. The ability to perceive overall similarity between scenes is
gradually augmented, first by the ability to perceive identity matches
between objects, then by the ability to perceive matches between
object attributes and first-order relations (including identity relations between objects and, later, dimensional relations between object attributes), and finally by the ability to perceive matches between higher-order relations such as symmetry. Jn both perceptual
and causal domains, this evolution is cumulative, so that later abilities supplement prior abilities rather than replacing them. Further,
the evidence suggests that the shift in similarity use is not based on
age. As can be seen in Figure 7.5, the shift from objects to relations
and from conservative literal similarity to partial matches can be seen
at several different ages. The fact that similar shifts occur at different
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ages fro1n infancy to late childhoodu suggests that it is not matu-

with the suggestion th<lt the use of n1ultiple contexts of learning can

ration but increases in a child's knowledge that drives the evolution

lead to more abslracl, generalizable knowledge (Collins, Brown, &
Newman, 1989). One process by which the inilial conscrvatiw use
of overall similarity mighl give way lo selective matches is lhe abstraclion process whereby lhe result of a similarity comparison is a
slightly more abstract data structure, as discussed by Ross (1989)
and others (Elio & Anderson, 1981; Forbus & Gentner, 1986; Gick
& Holyoak, 1983; Hayes-Roth & McDermott, 1978; Medin & Ross,
1989). These accounts imply a role for conservative literal-similarity
comparisons, since these are likely to be noticed initially and can
gradually lead to more abstract matches.
There are also positions that differ markedly from our own. For
instance, Bryant (1974) proposes that children are able to use relational information developmentally before they are able to use absolute information (object attributes). He offers as evidence results
from many tasks in which children are more adept at using relations
such as bigger than at using an absolute attribute such as six inches
tall. A partial resolution between Bryant's position and our own is
that the evolutionary shift we postulate is between objects and relations, not object attributes and relations. (As will be remembered
from the section on perceptual development, making object matches
precedes making either attribute matches or relational matches.) In
most of the tasks Bryant considers, the objects were quite sparse;
in fact, they typically differed along only one dimension (i.e., in one
altribute). Thus, a possible rapprochement is as follows: Object
matches arc made before relational matches (as stipulated in the
present hypothesis), except when the objects are so sparse as to
reduce to single-attribute comparison (as in some of the transposition studies considered by Bryant). As we have seen with the Rattermann, Gentner, and DeLoache search task, the effects of object
identity may vary wilh the richness of the objects being matched.
Another contrasting position is that of Frank Keil (1989). He proposes that children are natively endowed with rich theoretical structures that guide much of their behavior and suggests that they fall
back on their sense of similarity only when their theory of a domain
fails them. He points out that adults display behavior similar lo that
of children when they are placed in domains in which they do nol
have knowledge of the !rue mechanisms. We agree with many of

of similarily.
This view of a developmental course from a naive lo sophislicated
use of similarity is not new. In addition to Quine' s characterization
discussed earlier, it draws upon prior theories of development. An
important influence on this framework, as already discussed, is E. J.
Gibson's (1969) differentiation hypnthesis. We have incorporated her
view that the environment is rich in stimulus information and that
the main task of the perceiver is to make sense of the information.
Young children perceive this input in an undifferentiated fashion,
whereas older children and adults analyze stimuli into their constituent features and dimensions. Our position has much in common with Bruner's proposal that children shift from a reliance on
perceptual-configural information to a reliance on functional information, since the function of an object is one aspect of its relational
structure (Bruner et al., 1966). Thus, both accounts predict that children will acquire the ability to utilize functional relations later than
the ability to utilize perceptual attributes of an object. The accounts
differ, however. in that for Bruner the cut is between perceptual and
functional information, whereas for us the most important theoretical cut is between objects and relations, with perceptual versus
functional (causal) information being a lesser issue. A more fundamental difference between our view and many of these prior views
concerns the cause of the shift. The evidence presented here indicates
that shifts in similarity processing occur at very different times in
different domains. Therefore, we depart from prior theorists who
have proposed maturational-stage accounts of the shift in similarity.
We suggest instead that changes in the kinds of similarity a child
can perceive are driven largely by the accretion and gentrification
(as discussed later) of knowledge of the world.
A theoretical perspective that shares Gibson's emphasis on the
role of the environment in learning and development is that of situated cognition (e.g., Brown, Collins, & Duguid, 1989). According to
this view, the environment in which learning occurs has a marked
effect on what is learned and how well it can be transferred. Our
view of the initial conservative use of similarity is akin to the claim
that initial leammg is contextually situated. We stress, however, that
part of learning is the "desituating" of cognition, thal is, an increase
in the ability to extract and use partial matches. This is compatible

Keil's insights, including the observation that reliance on na·lve sim-

ilarity varies inversely with knowledge of the correct domain theory.
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1--lowever, Keil's theory and our t"nrecr of silui/aril,11 hypothesis differ
in their account of the causal relationship bl•twl'en similarity and

theory building. For Keil, the use of similarity not only is unsophisticated bul is a relatively unimportant aspect of development;
it is merely a strategy to fall back on when theories fail. In contrast,
we see similarity as contributing to the development of theories.
Children's similarity comparisons allow them to extract commonalities, which can then be the grist for theory building. Conversely, as
children gain theoretical insight into a given domain, their representations of situations in the domain will begin to incorporate the
relations sanctioned by the theory, so that subsequent similarity comparisons come to be more illuminating. A compelling example of this
process is provided by Carey's (1985) studies of children acquiring
biological knowledge. Carey found that children's attribution of biological attributes to animals was based in part on their similarity
to humans (possibly because children's knowledge about humans
is rich enough to serve as a kind of prototype). An even more striking use of humans as a universal base is Inagaki and Hatano's (1987)
finding that preschool children base inferences about how plants
take nourishment on a mapping from humans. With development,
children become more selective and theory-guided in their use of
similarity. Carey attributes this change in performance to changes
in the nature and organization of their domain knowledge.
Language and the career of similarity
So far, we have discussed the relational shift as a purely conceptual
phenomenon. Now we turn to its interactions with language acquisition: specifically, with the acquisition of word meaning. At least
three directions of influence are possible. First, we might expect
similarity processing to influence word meaning. To the degree that
children's word meanings are based on the commonalities they perceive when they hear a word applied to several exemplars, the kinds
of similarities children can extract in a given domain will influence
the word meanings they will derive. Second, there could be influences from language to similarity. Perhaps, in a variant of the Whor·
fian hypothesis, the possession of certain words (e.g., relational terms)
confers a greater ability to extract certain kinds of similarities, or

perhaps practice with language confers the habit of extraction. Third,
there may be parallels between the development of meaning and
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strained by a third factor, such as the child's current cognitive st.1gt•

or current domain representations. For example, it has been suggested that the acquisition of early relational expressions, such as
a/lgo11e, coincides with the child's stage of understanding of object
permanence (Gopnik & Meltzoff, 1984; Tomasello & Farrar, 1984).

We will consider the evidence in the following order: (a) general
developmental parallels; (b) influences from similarity to language;
and (c) influences from language to similarity.

General developmental parallels
Order of vocabulary aCljuisition. If we apply the patterns we have found
for the development of similarity to the development of meaning,
several predictions follow. First, we might expect an early holistic
stage in word acquisition before object meanings are extracted. Second, we would expect words for objects to enter children's vocab' ulary before words for attributes and especially before words for
relations. Finally, words for higher-order relations should be acquired later than words for first-order relations. 14
There is evidence that children do not immediately catch on to
the notion of reference. Several investigators have reported an early
stage at which they use a kind of prereferential vocalization between
babbling and true words." Prewords often appear to be contextually
embedded parts of routines rather than true referential symbols. For
example, Gillis (1986, 1987) observed the early form brrrm-brrrm, at
first uttered only when the child was pushing a certain toy car. A
common next step is for the child lo experience a spurt in vocabulary at around ll to 2 years. This vocabulary spurt consists chiefly
of concrete nouns (both common and proper) and has been called
, the "nominal insight" (Macnamara, 1982). 1• Stern (1914) refers to
I this as the "greatest discovery of the child's life" - that "each thing
has its name" (Stern, 1914, p. 108; quoted in Vygotsky, 1962, p. 43).
Thus, the child's first truly semantic achievement is to extract and
name objects separately from their contexts. This suggests another
parallel with the development of similarity: Words for objects should
be acquired before words for relations. Indeed, this appears to be
1

the case. Concrete nouns (including both proper and common nouns)
outnun1ber verbs and other relational terms by a large margin in

, children's early production vocabularies (Dromi, 1982; Gentner, I 982c;
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Huttenlocher & Smiley, 1987; Macnamara, 1982; Nelson, 1973b) as
well as in their comprehension vocabularies (Goldin-Meadow, Seligman, & Gelman, 1976). 17 Gentner (1982c) used cross-linguistic vo- ,
cabulary evidence to establish the generality of this early noun advantage and to rule out various explanations specific to English, such
as SVO (subject-verb-object) word order and the greater morphological variability of verbs as compared with nouns, both of which
are presumably disadvantageous to verbs in acquisition. Even stronger
evidence for the generality of the noun advantage comes from studies by Schwartz, Camarata, and Leonard in which children were
presented with novel words, either as nouns or as verbs, and then i
tested for the production of these words. Even when stress, frequency, phonological makeup, and word order are equated, children are more likely to produce words experienced as nouns than
as verbs (Camarata & Leonard, 1986; Camarata & Schwartz, 1985;
Schwartz & Terrell, 1983), Thus, it appears that the reasons for the
early noun advantage are conceptual or semantic factors. We suggest that part of the explanation is that objects are easier to extract
from the stream of experience than are relations.
Even after relational terms have entered the vocabulary, children
are slow to acquire their full meanings (Berman, 1980; Bowerman,
1978a, b; Gentner, 1982c). The correct usage of common verbs such
as come and go (Clark & Garnica, 1974), buy and sell (Gentner, 1975),
mix, beat, and stir (Gentner, 1978), and pour and fill (Bowerman, 1982;
see also Pinker, 1984, pp. 309-312) is not fully mastered until rather
late (5 or 6 years of age and, in some cases, as late as 8 years or
older). Relational adjectives, such as high/low, more/less, and big/
little, are also slow to be fully mastered. For example, children about
4 or 5 years old sometimes interchange opposite members of dimensional pairs (H. H. Clark, 1970; Donaldson & Wales, 1970; Wales
& Campbell, 1970).
More to the point, relational adjectives are sometimes used attributionally at first, as though they referred to properties of objects
instead of to relations between objects. The clearest cases of this
kind of usage occur with dimensional terms, as reported by Smith
and her colleagues (Sera & Smith, 1987; Smith, Rattermann, & Sera,
1988). For example, Smith, Rattermann, and Sera asked 3- and 4year-olds to judge which of two butterflies was "higher" or "lower,"
given pairs of butterflies placed at various heights. The 4-year-olds I
correctly responded according to the spatial relations between the I -

Lnnguaxe a11d Ille career of ::;;n1i/arity 255

butterflies. In contrast, the 3-year-olds responded as though "higher"
and "lower" were objc•ct attributes meaning "high" and "low," respectively; that is, they might call both butterflies "higher" if they
were more than three feet from the floor and otherwise "lower."
In summary, there appear to be parallels between the order of
vocabulary acquisition and the developmental progression found for
similarity. As Macnamara (1972, p. 4) states:
Children learn names for colors, shapes, and sizes only after
they have learned names for many objects .... A further hypothesis is that the child will not learn the name for states or
activities until he has firmly grasped the name for at least some
entities which exemplify such states and activities .. Thus the
order of learning would be as follows: names for entities, names
for their variable states and actions, and names for more permanent attributes such as color.
This order differs slightly from the order we have suggested, but it
still roughly parallels the order of extraction of partial similarities
that we postulated in the first part of this chapter.
Mutual influence between similarity-based categories and word-based categories. One factor that affects whether a set of objects receives the
psychological status of a category is the degree of similarity among
the objects. Another is whether they receive the same linguistic label. Thus, there is a constant potential for interaction between similarity acting as a bottom-up influence and word reference acting as
a top-down influence. In this section we first consider evidence that
early in acquisition children rely heavily on physical similarity to
determine the extensions of words. We then consider evidence that
later in acquisition, category labels may prompt children to look beyond overall physical similarity.
App/yin:;: words to new instances: Do youn:;: children expect the referents
of a word to be similar to one another? In a highly influential paper,
E. V. Clark (1973) reviewed diary studies of early vocabularies and
showed that early overextensions typically involved perceptual
commonalities, notably shape (e.g., "mooi" (moon) for cakes, round
marks on a window, round shapes on books, tooling on leather book
covers, postmarks, and the letter 0). She suggested that an impor·
!ant aspect of early word meanings is the child's expectation that
the referents of a term will be perceptually similar to one another.
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Many subsequent studies havl' corroborated this pattern: Children's
early overextensions of norninal ter1ns appear to be baset.i primarily

on perceptual commonalities, especially shape (Anglin, 1977; Bowerman, 1976, 1978a). This suggests that young children may be operating under the assumption that the extensions of object names
are based on physical similarity.
Other evidence that young children bring an assumption of physical similarity to the learning of word meanings comes from a study
by Gen Iner (I 982b). Children were taught names for two objects
with different forms and functions: a "jiggy," a yellow box with a
face that wiggled its eyebrows when the child pulled its lever, and
a "zimbo," a red candy machine that dispensed jelly beans when
the child pulled its lever. The two toys were simply presented as
toys left in various rooms of the experimental suite, and their names
were taught in a naturalistic manner. (Whoever came by would refer
to them by saying, "Have you played with the jiggy? See how it
works?") When the children could produce both words spontaneously, they were shown a new object that looked like the jiggy,
but that (to their astonishment) dispensed jellybeans when they pulled
its lever. When asked to name this new object, the preschoolers
(aged 2 to 5 years) were governed by physical similarity. More than
80% called it a "jiggy ," despite the fact that it shared a highly salient
function with the zimbo. Children aged 5 to 9 years gave more
function-based responses (about 60% "zimbo"). 18 An interesting feature of these results is that the zimbo' s function of dispensing jelly
beans was quite salient to the children, especially to the preschoolers. Indeed, we informally noticed that preschoolers learned the term
"zimbo" more quickly than the term "jiggy" and used it much more
often. Yet in choosiAg which term to extend to the new object, they
chose on the basis of form, even though that meant using the "less
preferred" term. As Gentner (1982b) noted, this suggests that children impose implicit selection criteria as to which aspects of objects
enter into word reference. In this initial stage, it appears that perceptual information predominates in their implicit theory of reference.1<1

Another early-word-learning task was that of Tomikawa and Dodd
(1980), who taught 2- to 4-year-olds names for categories that were
based either on common shape or on common function. They used
a 3 (shapes) x 3 (functions) matrix of objects. Each child was taught
three words, each applying to three objects, in a storytelling format.
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The key variable was whether the three objects had a co1nmon sha~w
(e.g., "n1ep" applied to a rectangular nlagnet, a rl-'ctangular box that

could be opened and closed, and a rectangular rattle) or a common
function (e.g., "mep" applied to a rectangular magnet, a circular
i magnet, and an L-shaped magnet). After hearing the story, in which
the nine objects were named and their functions demonstrated, the
child was given a comprehension test. Three of the objects, each
differing in shape and in function from the other two, were held up
in turn and their functions demonstrated again. Then they were
placed before the child, who was asked to point to the "mep." The
child was then shown two more triads of objects in the same pattern, each with a different word (thus receiving one test on each of
the three words learned). Corrective feedback was given on each
trial. Then the story was retold and the child retested, up to six
times or until the child could pick out all three objects.
The results were quite striking. The children readily learned names
for the common-,hape categories but performed dismally on the
common-function categories. Combining the results of two experiments (Experiments 3 and 4), 10 of 12 children in the common-shape
condition could correctly identify the referents of the names they
had learned, and none of the 12 children in the common-function
condition were able to do so. It is interesting that when children of
the same age (2 to 4 years) were asked simply to group the objects
without linguistic labels, their groupings, though still dominated by
physical similarity, were more mixed: 72-76% common-shape and
15-13% common-function groupings (in Experiments 1 and 2, respectively)-"' Consistent with the results of the previous study, it
.1ppears that the use of words increased young children's (already
1.. , locus on physical similarity. Tomikawa and Dodd concluded
that perceptual similarity is a strong determinant of early word reference.

A growing body of research, much of it by Markman, Waxman,
:man, and their colleagues, has explored the ways in which the
use of common nouns as linguistic labels can influence children's
categorization choices. For example, Markman and Hutchinson (1984)
contrasted children's categorization patterns with and without linguistic labels. They gave 2- to 3-year-olds a triad sorting task, for
example, putting a police car where it belongs. either with another
car (same category, and also highly similar) or with a policeman
{thematically related). The children shifted from roughly chance
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sorting (59% c.itegorical sorting) to predominantly categorical sorting (83%) when a novel object name was used. ("This is a dax. p t'
it with the other dax.") lt is important that the children did not ha: i
to know in advance what the word meant in order to show this
shift. They apparently believed that words pick out categories of like
(rather than thematically related) objects. An interesting question is
whether the scope of this effect varies with age, as might be pre- ,
dieted from what we have said so far. For 2- and 3-year-olds, the :
effect has been demonstrated only for highly similar objects (members of the same basic-level class, such as birthday cake and chocolate
cake). Four-year-olds were tested on a broader range of stimuli and
showed the switch to category-based responding even when the
named object did not resemble its fellow category member. 21 For
example, given a car to group with either a bicycle or a car tire, they
would put the car with the tire in a nonlabeling task but put it with
the bicycle in a labeling task. It remains to be seen whether the
younger children would show the labeling effects without the benefit of strong object similarity.
A study by Taylor and Gelman (1989) provides further evidence
for the role of similarity in early word meanings. Taylor and Gelman
were hinterested inI the way
children learn subordinate categories.
l
F.
ust t ey taught 12- to 22-year-old children a novel word for an object; for example, they referred several times to a large green beach
ball as a "!iv." (Because the study concerns subordinate categories,
they used objects such as dogs and balls that already had generic
names in the child's lexicon.) They then asked the child to "put the
hv m the box," choosing from the original object and another possible "!iv" exemplar as well as other objects. The other possible "tiv"
could be either quite similar to the original "tiv" (e.g., a red beach
ball) or very dissimilar (e.g., an orange and black soccer ball). The
results showed striking effects of similarity. When the new possible
exemplar was highly similar to the original one, the children distributed their "tiv" responses across both exemplars. But when the
new exemplar was dissimilar, most of the children choFe o~ly the
ongmal named toy. These results suggest that children 12 to 22 years
of age are able to form a subordinate category and to extend it to
other instances but that this ability may be limited to conditions of
strong physical similarity.
Finally, research that directly addressed the effects of language
on children's classification abilities was performed by Waxman and

Gelman (1986). They presented 3- and 4-year-olds with a frc•e classification task in which the children W<.'rC' placed in one of three
conditions: (a) thl' /al1cl condition, in which superordinate category

labels were provided, (b) the instance condition, in which common
instances of the category were provided, and (c) the xroup cond1t1on,
in which common instances of the category were provided and the
children were instructed to consider the instances as a group. Waxan and Gelman found that the 4-year-olds classified virtually perin all three conditions (approximately. 98% correct classifications). The 3-year-olds, in contrast, cla~s1hed perfectly only Ill
the label condition (approximately 95% correct class1ficahons as
opposed to approximately 80% in the group condition and 74% in
the instance condition). In a further study Waxman and Gelman
found that the young children classified equally well with known English or novel Japanese labels. The children's perfo~mance with t~e
Japanese labels shows that children's categonzmg behav10r. 1s
based not on particular word meanings but on a general understand mg
of what words do. This research suggests a relahonsh1p betwee.n
children's linguistic competence and their ability to form taxonomic

~ctly

structures.

More precise information on how words focus children's attention
was contributed by Landau, Smith, and Jones (1988). They found
that the use of a nominal label prompts young children to pay attention to the common shape of objects. Their results suggest that
young children very early on have specific opinions concerning which
aspects of the referent enter into word meanmgs, at least for ob1ect
names. Their first guesses as to the meanmgs of ob1ect terms are
perceptual similarity, particularly shape.

Words taken as sixnals of nonapparent commonalities. Other studies have
shown that children can overc.ome the effects of object similarity
when they are given the same category label for dissimilar objects.
Gelman and Markman (1987) investigated the role of s1milanty and
common word labels in determining whether 3- and 4-year-old children would extrapolate characteristics from one object to others. They
showed children a picture of a standard - for example, a bluebird and told them a new fact about it - for example, "This bird feeds
its babies mashed-up fond." The children were then asked whether
I
this property would apply to each of four new objects: a bluebird
t--{highly similar to standard and same category as standard), a black1

I
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bird (low sin1ilarity, san1e category), a blue butterfly (high sitnilarity,
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this assun1ption when it f~1ils and seek other kinds ot si111ilarily. such
as relational con1n1onalitit.·s.

diflerent category), and a dog (low similarity, dilherent category). In
one condition, the 111cture-011/y conditi«.)11, the children were told, "This

one leeds its babies mashed-up food" when shown the standard
and asked of each of the test pictures, "Does this one feed its babie~
mashed-up food?" In the word-and-picture condition, the children were
given labels for all the objects - for example, "This bird feeds its
babies mashed-up food," and "Does this bird/butterfly /dog feed its
babies mashed-up food?" As would be expected, children in the
picture-only condition were more likely to base their inferences on
the degree of similarity between the standard and the new item (53%
similarity-based responses) than the children in the word-and-picture
condition (29% similarity-based responses). In contrast, when labels
were added, the children's inferences were strongly influenced by
the category information provided by the label; they attributed the
characteristic "feeds its baby mashed-up food" to the items given
the same label as the example (63.5% category-based responses in
the word-and-picture condition vs. 46% category-based responses
in the picture-only condition). 22 Yet even in the labeling condition
object similarity did have an effect. Within a category the children
drew more inferences from one picture to another when their appearances were similar.

Taken together, these findings suggest that children initially expect that words apply to sets of physically similar objects, as evidenced by the fact that they (a) spontaneously extend words to other
similar objects; (b) find it easier to learn new words that apply to
sets of physically similar objects than to learn new words for sets
of functionally similar objects; and (c) choose a physically similar
object when asked to find another instance of a new word. However, if an established category label is applied to a dissimilar item,
the child (at least by 3 or 4 years of age) may accept this extension
of the category and base further inferences on it. For older children,
a word can function as a promissory note, signaling subtle commonalities that the child does not yet perceive (Gelman & Coley,
Chapter 5, this volume). In either case, children strongly assume
that the objects labeled by a common word will be similar. Early in
the career of similarity, children are limited to overall physical similarity, with perhaps an early emergence of similarity of shape. Later
in the career of similarity, although overall similarity within labeled
categories remains the initial presumption, children can set aside
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We have considered influences from conceptual development to
language acquisition. We turn now to the reverse questio~,. the perennially intriguing Whorfian issue of whether the acqu1s1t10n of
language changes children's cognitive processing - in this case, their
perception of similarity. Vygotsky proposed that. "thought development is determined by language, i.e., by the hnguisttc tools of
thought and by the sociocultural experience of the child . . . . The
child's intellectual growth is contingent on his mastering the social
means of thought, that is, language" (1962, p. SI). He postulated a
developmental progression from social speech to egocentric speech
and then to inner speech. Once inner speech is available, he suggested, the course of cognitive development is fundamentally altered.
Returning to our specific focus, we may then ask whether the acquisition of language influences the kinds of similarity a child can
use. One affirmative speculation comes from Kuenne (1946). Working within the Hull~Spence tradition, she invoked language to explain children's capacity to learn relational responses in a transposition task, despite their assumed bias for absolute stimulus-response
learning. However, clear evidence for such an influence is hard to
find, since it requires comparing children with and without language. Fortunately, some insightful inquiries have been conducted
with nonhuman subjPcts. We turn now to Premack's research on
teaching chimpanzees an artifical language-"

oi

Pre111ack's i11vest(i,:11tio11s
nonhu111n11 prin1ales. Premack (1983) found
an intriguing relation between analogy and language in his research

on teaching artificial languages to chimpanzees. Seven chimpanzees
that were closely reared and trained by humans - three that were
exposed to Janguage training, four that were n<lt - were tested on
various kinds of cognitive tasks, such as reasoning. map TL'ading,
conservation, and match-to-san1ple. Premack found that the two
groups were comparabll• in their pt>rformance on most tasks, with

the nonlanguage group perhaps slightly superior. However, there
was evidence that language training 1nay have conferrl~d benefits
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on certain kinds of similarity tasks and, in particular, analogy tasks.
learning the terms same and different, and (d) learning the interroWe begin with the analogy tasks. Unfortunately, these tasks were :
gative construction. He then tested their performance on analogy
given to only one member of the language-trained group, Sarah, •
tasks similar to those already described. Their perlormance was
who may have been an unusually intelligent animal. However, as
markedly improved by language training. Further, the gain apdiscussed later, some corroborating evidence has been found using
peared to be specifically related to learning the terms same and dif24
new populations. One task was a matching-proportion test utilizing ,
feren t .
cut-up fruit and partly filled containers (Woodruff & Premack, 1981). '
These results suggest that some aspects of language training can
All the chimps successfully solved a literal-similarity match; for exlead to improvement in analogical ability. In particular, learning to
ample, they passed a test given one-quarter apple as the sample,
use the labels same and different appears to be important. Premack
with one-quarter apple and three-quarters apple as alternatives.
(1983) suggests two other ways in which language training may lead
However, only the language-trained chimp, Sarah, could solve an '
to cognitive benefits. First, it can teach the idea that one thing can
analogical proportion problem - for example, a half-filled container
stand for another. But noting that this would not be sufficient to
as sample, with half apple and three-quarters apple as alternatives,
account for the improvement in analogical ability, Premack goes on
The difference in performance was sharp: All four non-languageto suggest, second, that language training "appears to change the
trained animals failed, whereas Sarah passed the analogical probanimal's unit of computation, moving it upward from an element
lems from the beginning. A further test of the ability to perform
to a relation, thus from a relation between elements to a relation
relational matches was a match-to-sample task using pairs of items between relations" (Premack, 1983, p. 160).
for example, XX goes with YY or CD, or XY goes with BB or CD.
Whereas Sarah was 100% correct on both same-same trials and
Spontaneous speech about similarity. We return now to studies of indifferent - different trials, the non-language-trained chimpanzees
fants' sequential touching patterns to consider the language chilperformed at chance level and showed no progress, even after 15
dren spontaneously use during this task. Although this line of study
sessions of 12 trials with corrective feedback.
properly belongs to the category of "parallel development" (since
As already discussed, one difficulty with the tasks is that only one
there is no telling which direction of influence applies) we have inlanguage-trained chimp (Sarah) was tested, leaving open the poscluded it here because, like Premack's work, ii bears on the relation
sibility that the differences were the result of higher than average
between language about similarity and similarity processing. As disintelligence rather than of language training. However, this possicussed earlier, in the sequential touching task infants are given obbility is vitiated somewhat by two further results. First, all seven
jects drawn from two identity classes, and their spontaneous touchchimpanzees were tested on another relational task. Jn this task,
ing and grouping patterns are observed (Nelson, 1973a; Ricciuti, 1965;
each chimp was shown two samples and had to indicate whether
Starkey, 1981).
they were same or different - for example, apple/apple (same) or
Sugarman (1982) found that 12-month-olds tended lo group obapple/banana (different). Though this task might seem simple, Prejects to form one identity group, while 24- to 36-month-olds tended
mack argues that explicitly labeling similarity and difference involves
to form two identity groups. However, within this second group,
another level of difficulty than simply responding to sameness, as in
the 24-month-olds formed groups sequentially (e.g., by forming a
match-to-sample tasks. Even after 900 training trials, the four nonset of boats followed by a set of dolls); 30- to 36-month-olds formed
language-trained chimpanzees failed to learn the use of the same I
these two groups by alternating the placement of objects between
different labels. In contrast, all three language-trained animals readily
them (e.g., by placing a boat, then a doll, then a boat, etc.), suglearned the task. Finally, Premack (1988) trained four new animals,
gesting that they could compare the two similarity classes. Sugarutilizing a lag procedure so that all the animals received the same
man further noticed that many of the older children spontaneously
training at different times. Premack gave the animals four kinds of
engaged in discussion of similarity and difference. The children's
language training: (a) learning a lexicon, (b) learning sentences, (c)
----language use also showed a progression with age: (a) no reference;
!
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There is also evidence that the choice of relational labels can affect
children's performance on a metaphor interpretation task. Vosnia·
dou, Ortony, Reynolds, and Wilson (1984) asked preschool, first·
grade, and third-grade children to act out short stories. These sto·
ries ended in metaphorical sentences describing an action of one of
the characters in the story. The key manipulation was whether the
verb in the metaphoric completion sentence was xeneral or specific.
For example, in a story describing how a boy (Paul) became fright·
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ent~d. tl1t~ gt'lll'ra/-11erl1 version of tht> final sentence was "Paul was a
rabbil r111111i11g to his hole," and thl' specific-verb versiun was "Paul

(b) isolated reference: for example, "boat" while grasping a boat
(dominant in 18-monlh-olds); (c) iterative reference to one or both
classes: that is, repeated reference to one class sometimes followed
by repeated reference to the other class, as in "lady, lady, lady . . .
boat, boat, boat"; (d) coordinated reference to two classes: as in "lady,
boat, lady, boat." Children used iterative reference from 24 months
on, but only the 30- and 36-month-olds used the more sophisticated
coordinated reference. These parallels between language and grouping behavior suggest a relation between them, although, as Sugarman points out, they do not tell us about the direction of influence.
Can relational labels help children focus on relational similarity? So far we
have considered the effects of using words on children;s use of object similarity. Now we ask whether the use of labels can help a
child to extract relational similarity. To test this question, we con·
ducted a follow-up study to the mapping task described earlier (Rattermann, Gentner, & DeLoache, 1987, 1990). Recall that 3-year-olds
performed at chance level in the original task, which required children to use a relational rule ("same relative size") to map from one
triad of objects to another to find a hidden sticker. They were unable
lo map relative size when a competing object similarity was present.
We wondered whether the use of relational labels could improve
their performance. We taught 3-year-olds to apply the words Daddy,
Mommy, and Baby to the objects in each triad (large, medium, and
small, respectively). We also used the following labels in our questions: "My sticker is under my mommy. Where du you think your
sticker is?" Under these conditions, the children correctly per·
formed a relational mapping despite a tempting object foil. Thus,
the use of explicit common labels for the relational roles of the objects appears to have highlighted the relational similarity between
the triads and permitted an earlier appreciation of relational like·

anti tire

1

I

was a rabbit lwppin!( to his hole."" The metaphors were designed
so that the general verbs could apply naturally in the target domain
(Paul's actions) and therefore could be interpreted literally. In contrast, the specific verb was inappropriate if interpreted literally. The
specificity of the verb affected the younger but not the older children. Younger children were likely to act out the metaphor incor·
rectly when the verb was specific; for example, they would make
Billy hop to his bedroom. In contrast, older children were able to
reinterpret the verb in the metaphorically correct manner: Given either
verb, they simply made Billy run to his room. Thus, for younger
children, the ability to extract the common relation was sensitive to
the word used to describe it.
Re-representation. We now discuss a process that we think may be
important in learning, which we call re-representation (Gentner, 1989).
To explain this notion, we consider the mapping process necessary
in the Vosniadou et al. task. For simplicity, we suppose that the
child already knows (from the story) that Paul is running to his room.
To understand this metaphor, the child must map her representation of the rabbit scenario onto her representation of what Paul is
doing. Let us assume that she can guess that rabbit should map onto
Paul and hole onto room. If the verb running is used, the alignment
is straightforward. But when hoppinx is used in the base, the direct
2
result of the mapping is not quite right, since Paul is not hopping. •
To align the two representations, the child must drop the manner of
motion, retaining only rapid movement by foot. This requires re·
rcprcsc11tinx the verb in a more abstract form. Depending on theo·
retical preferences, we could describe this as decomposing the verb
hop and stripping away some of its predicates (e.g., Burstein, 1986)
or as moving up an abstraction hierarchy (Falkenhainer's "minimal
ascension principle," 1988) or as extracting a common schema (Gick
& Holyoak, 1980, 1983; Hayes-Roth & McDermott, 1978).
We conjecture that re-representation induced by trying to align
partially similar situations may be one way that children gradually
come to an appreciation of abstract commonalities. We further spec-

ulate th<il r<'-representational efforts may serve gradually lo increase
the uniforn1ity of children's internal representations. This is because

the representation derived from the effort to align two situations is
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likely to be less idiosyncratic than the representations of either of
the prior situations. An arena where this suggestion rnay be especially workable is the learning of dimensional relations, as discussed
by Smith (1989). If the child somehow succeeds in aligning "A bigger than 8" with "X louder than Y" (perhaps by trying to understand a metaphor such as "a big voice"), it is possible that this results in more uniform representations - for example, "GREATERTHAN (size (A), size (8))" and "GREATER-THAN (loudness (X), loud27
ness (Y)). " In many cases the impetus to make such an alignment
will be common language labels, as in the the earlier example. This
leads us to suggest a bootstrapping interaction between the acquisition of meaning and the processing of similarity in a given domain. To the degree that a child has learned words that denote relations, he may be better able to match situations containing these
relations. Conversely, to the degree that a child has uniform representations of two situations, he can learn the meaning of a new
word applied to both situations. We can imagine that each successful alignment leads to a slightly more uniform representation, which
in turn increases the probability that the next two situations can be
aligned, and so on. We could think of this gradual process as a kind
of gentrification of knowledge, by analogy with the regularization of
formerly complex, idiosyncratic local domains.
Conclusions
We set out in this chapter to characterize the development of similarity and to inquire about its causes. We found evidence that early
similarity is highly conservative and that later development is characterized by an increasing ability to extract partial matches, including matches based only on common relations. Our theme throughout has been one of extraction. Paradoxically, it appears that children
progress from complex to simple matches, rather than the reverse.
Even infants can achieve matches based on massive overlap between two situations; what expertise confers is an increasing ability
to extract sparse, abstract matches. However, despite the manifest
differences, we see a continuum between massive global similarity
matches and elegant relational isomorphisms. Thus, we find support for Quine's "career of similarity" from brute similarity to theoretical similarity.
Turning to the causes of the changes in similarity processing, we
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found no evidence for the claim that the shift to relational and higherorder relational sirnilarity depends on n._•aching the formal opera-

tions stage. Very young children - even infants - can apprehend relational similarity when given materials whose relational structure

is fully available to them. We cannot rule out maturational effects,
but our survey suggests that knowledge 1s a more 1mpor~ant .determinant of similarity use. We then turned to another expenenhal factor: the acquisition of language. We drew on the research of Premack, along with some promising current investigations, to suggest
that the possession of names for relations, including. same and different, may be important for the appreciation of analogical s1m1lanty.
This in turn suggests that the changes in knowledge that dnve
changes in similarity do not simply consist of accreti~n of domam
facts, but also include the deepening and systematization of the
knowledge base.

Notes
1. That is, they focused on analogies of t~e form Ab:B: :C:Dh, in 7~~ch t(~e
implicit assertion is of a (higher-order) 1dent1ty etween t e re a ion
.
B) and the relation (C, 0).
.
2. For present purposes, we c~nsider metaphors and analogies together as
nonliteral similarity compansons.
.
.
3. One widely acknowledged difficulty here 1s that thehconcep~ of a ddoma!n
is ill-defined. In this discussion we will roughly c aracter1ze a om~1n
as a cluster of mutually interrelated concepts around a .common topic.
4. This was termed the rncre-appearance choice; how e \•er, 1n general these
items were not similar enough to the C term to qua 111y as mere-appearance
matches in the sense defined in the text. Fo~ example, •.he mere-

appearance match lo a girl with long brown hair was the fnnge on a

s.

purple scarf.
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terials.
h k" d
f b" t
1n so ? 1ec s
they can apply to, whereas perceptual. relations can apply ~o a wide variety of objects. For example, the relation BURN (x, y) requires y to_ be a
combustible object, but the relation ABOVE (x, y) can accept practically
any pair of concrete objects.
7. The results did not depend on direction: Large-lo-s.m adl~ and sm~ll~~large were equally difficult for 31-month-ol_d_s. We w1
1scuss on Y e
large-to-s1nall mapping for clarity ?f _expos1hon.
.
8. DeLoacht> .ilso manipulated the s1m1lanty of the surrou nd1ng_rwhalls of
the rooins, but this manipulation had no sig~ificant cf 1eels.
e per-

6. Causal relations are typically quite constrained as tot e

11

centage of correct retrieval is coll~p~ed_ over this _f_aclor.

•

..•

._

9. Jn our coniputer sin1ulat1on of s1mll<1nty processing, we rcpr{'scnt d1
mensions as funcl ions.
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10. Shep~ di~ not prl_lPO_se 1h.1t ditnl•nsional structure C"VL'r entire! .
p.lants l~Vc~all s11n1lanty, noting th.it the work of Rosch and 1 ~ supl~.1gues 1nd1cal<:'s that many natural concl' lls I
be .
.
~
,._ r colsnnilarity rathe th
b
(
. . f
nay - struc._turld by overall
& Mervis, 1975). an y a ew cntenal features or din1ensions (Rosch

23.
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I l. ~uri~g ~raining phase ii was explained to the child that the h .d.
pace o t e expenmenter's sticker in her set could be
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I ing
to where the child's sticker was hidd
. h.
use as a clue

12. Relative s.

d

I .

en in

is set.

actually h~~ ~:o rr~~·:~~~~~~tieosntowethre perfectly correlated, so the child
13 I d d
.
e correct response.
.. n ee ' the work of Ch.•, Feltovich, and Glaser (1981) com arin
:~es ~n~ exrrtsdm ph.ys1cs suggests that similar shifts .from ~bject~t>'..'~
re a ion- ase sorting can occur in adulthood
14. Because_ word frequency differences and other differences confound th'15
~~mpanson •. w~ cannot address this prediction adequately
15.
ese vocalizations have been call d ., h
. II
·
(Dore, Franklin Mill
& R
e
f?. onet~ca
y consistent forms"
"
'
er,
amer, 1976) 'mdex1cal .
" (D
1
0
1979),
& Cooper, 1984).
' 79), and quas1words (Stoel-Gammon

M':~~~~~7~'. r:i';~%~~~:~;·;~er,

::protowo:~~:s(Hall~~;y, ig;~;

16. Gillis (1984) has argued that the nominal shift .
rather than a sudden insight· but th. d
IS a gradual emergence
here.
'
IS
oes not alter the main point
17

·

~~~;::e::n~e~~';;;~f ~9:6) appear to disagree
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with this claim, but the

predicted pattern of moree ~~~~ :r!r~~e~~a~~~l:~~~a'f
~eport the
corpus of early language (Gopmk 1980 1981) b
or s m their
kens of each type
d (
h •
'
, ut note that more toner. (1982c) also n:~~rr~hu~r t~: relational te~ms, a pattern that Gentreference types outn~mber' rel:~os~:lm~ to
~ireement that obJectnoteworthy because Go n1k an
ypes.. . is is all the more
of the nohon relatzonal ter~. Alon: !'1t~t;off ut~1ze a broad construa)
to be relational, such as off dow,
Id erms ~ at arc generally agreed
that are commonly class1f;ed a~· .::.1a;11ore, t ey include many terms
determinates, such as there hoo
-1nteract1onaJ terms or as tnwere counted as relational ~he;~~ no, and bye-bye. The latter terms
relational interpretation (A Melt ffe context Iwas Judged to warrant a
1991)
.
zo 'persona commun1cahon, January

7:Y

18. Adu~s typically produced combinations like "jiggy-zimbo " b t h
~~g~y~')~as1s of physical similarity if forced to select on~ ter~ ~7~~=
19· This suggests a resolution to the f
f
·
.
guage (E. V. Clark 1973· G
.k
orm- unchon debate m early lanlt may be that "fu~ction' de~:;;;,; & .M~ltzoff, 1986; Nelson, 1973a, 1988).
while form determines what (info~es ~-h1ch_fword m~an1ngs are learned}
ingj" (Gentner, 1982b, p. 142). ma ion is stored m early word mean20. Since all nine objects were of the
I
comn1on-shape ob1·ecls were per ~amt e Jclo or ~nd ~pproximate size, the
21 M k
ccp ua Y quite s1m1lar
. ar n1an and Hutchinson (1984) descri ~ .
. . .
the objects are related at the basic levebic this shift in terms_ of whether
22. To_ be sure that the children's r
I or al the superordinate level.
ob1ect si1nilarity or category inf~spon_ses were based solely on eilher
rmat1on, w<.~ computed these means

24.
25.
26.

27.

b.ist.•d on the children's responses to the suure caleg1•r~1/diffl'n'ul appet1ra11n: sti1nuli .ind the di/fen·111 cdlt'St1r_11/s1111il11r appt·an111ce stimuli.
Following. Bickerton (1983), Wt.> arc less interested in the qut•slion of
whether Pren1ack's systen1 was a true language than in considering the
effects of the language-constitutive properties that it did hav<.', that is,
whether the use of symbols to refer to objects. properties, relations,
and relations between relations has implications for other cognitive activities. It can be argued that Prcmack's chimps were simply given exercises in the use of relations. However, this kind of exercise is certainly a component of natural language use as well. Therefore, any
benefits conferred by this klnd of practice are of interest ln theorizing
about the effects of language on cognition.
As Premack notes, because the four tasks were always given in the
same order, it is not possible to separate the effects of task (c) from the
cumulative effects of tasks (a), (b), and (c).
Vosniadou et al. used the terms literal and nouliteral, whereas we have
used the terms general and specific.
Note that in simplifying the situation we are avoiding one alternative
explanation of the Vosniadou et al. age differences, namely, that the
results were due to age differences in children's subjective plausibility
for "Paul hopping to his room" rather than to differences in rerepresentational fluency.
Note that this representation separates out the dimensions size and
loudness and allows them to be put into correspondence, permitting one
to preserve abstract commonalities such as transitive dimensional structure (Gentner, 1989; Smith, 1989).

References
Anglin,). M. (1970). The growth of word meaning. Cambridge, MA: MIT Press.
Anglin, ). M. (1977). Word, object, and conceptual development. New York:
Norton.
Baillargeon, R. (1987). Object permanence in 3.5- and 4.5-month-old infants. Developmental Psychology, 23, 655-664.
Baillargeon, R. (1990). Tire role of si,nilarity in infants' use of visible objects as
cues for hidden objects. Unpublished manuscript.
Baillargeon, R. (1991). Reasoning about the height and location of a hidden
ob1ect in 4.5- and 6.5-month-old infants. Cognition, 38, 13-42.
Baillargeon, R. (in press). The object concept revisited: New directions in
the investigation of infants' physical knowledge. In C. E. Granrud (Ed.),
Visual perception and cognition in infancy (Vol. 23). Hillsdale, NJ: Erlbaum.
Baillargeon, R., Spelke, E. S., & Wasserman, S. (1985). Object permanence
in five-n1onth~old infants. Cognition, 20, 191-208.
Bt>rn1an, R. (1980). Child language as evidence for grammatical description:
Preschoolers' construal of transitivity in the Hebrew verb system. Lingms/frs, 18, 677-·701.
Bickerton, D. (1983). Creole languages. Scientific American, 249(1), 116-122.
Billow, R. M. (1975). A cognitive developmenlal study of melaphor comprehension. Devl·lo1,,,1e11tal Psycllology. 11, 415-423.
Bowerman, M. (1973). Structural relationships in children's utterances:

IJUIS,Ull,\!C a111f

270 D. Gentner and M. I. Rattermann
Syntacli_c or sen1antic? In T. E. Moore (Ed
• . •
the acq111s1t1"" of la11s1111s,· (pp. 197-213) N .), ~osn~ltl't. dt7-1t·1'.111111e11t And
Buwern1an, M. (1976). Senlanli( factors in ihe ~;qui~~~~ll~\~de~~·~fPress.
use and sentence construclion In D M M
h d ( ru cs or word
(Ed ) N
.
. . ore <'a & A E M
s_. , or111a/ and dt:ficit•ul child language (pp 99 179) B. I : orehead
vers1ty Park Press.
· · a hmore: UniBow.erman, M. (1978a). The acquisition of word mea . .
.
.
tnto some current conflicts. In N W
n1ng. An investigation
ve/
t .1
•
aterson & C Snow (Ed ) Th
opmen o, com111unicatio11 (pp. 263-287) N
y.
.
s. , e deBowerman M (1978 b) S
· ew ork: Wiiey

~i;'~i-~~~. child's· o/g~~:;':t~i~~n~t":"c:~~t~e:~~~~e~~;dc;:,~z;:,:~'.

Bowerman, M. (1982). Reorganizational p
·
.
d_e:velopment. In E. Wanner & L. R. ~%~t~~~ in lexical and syntactic
s1t1on: The state of the art (pp. 319-346) C
b . (Eds.),. 1.Anguage acquiBrown, A. L. (1989). Analogical learnin ~ dam ridge Un1vers1ty Press.
S. Vosniadou & A Orton (Ed
.g . n . transfer: What develops? In
369-412). Cambrid.ge Uny ··ts.),PS1m1larity and analogical reasoning (pp
Br
1vers1 y ress.
.
own, A. L., & Campione J C (1984) Th

'lo

tions for early compete~c~, i~divid . I
M. E. Lamb, A. L. Brown & B Ro ~a

d-~~e
J

iu

faces of tra~sfer: Ji:nplicaerences, and_ instruction. In

psychology (Vol. 3, pp. 14 j_ 19
f~(Tds.), Advances 111 developmental
Brown, A. L., & DeLoache, J. S. (1978' ~k~ e, NJ. Erlbaum.
Jn R. Siegler (Ed.), Children's thi k.>· , Jls, plans, and self-regulation.
dale, NJ: Erlbaum.
n mg. hat develops' (pp. 3-35). Hills-

Z)

Brown, A. L., & Kane, M. J. (1988) p
·
Learning to learn and le
. . f reschool children can learn to transfer:
493-523.
arnmg rom example. Cognitive Psychology. 20,
Brown, J. S. • Collins, A. & Duguid p (I
.
culture of learning (Te~h. Rep. No' 4Bl) ~9). Situated cognitmn and the
nms, Center for the Study of R ·d.
· hampaign: Umvers1ty of IJJiBruner J S OJ
ea mg.
' · ·•
ver, R. R .. & Greenfield P. M (19
. .
..
growth. New York: Wile .
•
·
66). Studies 111 cogmt1w
Bryant, p. (1974). Perception yand understandin .
.
mental approach. New York· B . B k g tn young ch1/dre11: An erperi-

Burstein M H
.'

Ca

c

·

·

as1c

oo s .

· (1986). Concept formatio

b

·

son1ng and debugging. In R 5 M. hn I y. incremental analogical reaMitchell (Eds.). Machine leari ..in ·. JC a ski_. J.. G. Carbonell, & T. M.
2, pp. 351-369). Los Alt
CAg.KAn art1f1nal rnte/11gence approach (Vol.

5
os,
· aufmann
marata, ., & Leonard, L. B. (1986) Youn . .
words more accurately than action .
d gl children pronounce object
51-65.
wor s. oumal of C/1i/d l.Anguage 13

..

amarata, S., & Schwartz R G (1985) p
.
action words: Evidenc~ fo.r . I t. . h~oduction of object words and
.
a re a ions ip betwee
h
I
mantles. journal of Speech and H
. Re
n P ono ogy and se' Carey, S. (1984). Are ch.Id
f dearrng
searcli, 28, 323-330.
1 ren un amentally diffe
d
t k. d
an 1earners than adults? 1 5 Ch.
ren
.111 s of thinkers
Thinking a11d lt•t1r11i11x sk~·lls~
ipman, J. W. Segal, & R. Glaser (Eds.),
pp. 485-517). Hillsdal~ N.J.. Eurlbrent research and OJ1t.'n questions (Vol. 2,
Carey, S . (19"o 5 ). Conceptual ·cha11'
· rin aum
I ·1di d
Carter, A. L. (1979) Tl ' d
8e c" wu . Cambridge, MA: MIT Press.
·
ll.!
1sappearance schen 1 ". c
d
year comrnunicdtivl' behav·
J E 0
•. ase stu y of a secondD<•velo1)11Jt'nfa/ prnx11u1tics (p~~ri31~J56) ch~ & B. B. Schieff~·lin (Eds.),
· Nl'. w York: Academic Pn.>ss.

C

the rari•t.•r of siluilarlly 271

Chi. M. T. lL, Feltovich, P. )., & Glaser, R. (1981). C~1te~oriz~1tion and
representation of physics proble1ns by experts .1nd novices. Cos11ilillt'
Scie11t"l'. 5, 121-152.
Chipn1an, S. F., & Mendelson, M. J. (1979). tnnuenct• of six types of visual
structure on complexity judgments in children and adults. Joun111l
of ExpcriH1ental Psycliolo~y: t-h1111a11 Perception and Perfon11a11ce, 5, 356378.
Clark, E. V. (1973). What's in a word? On the child's acquisition of
semantics in his first language. In T. E. Moore (Ed.), Cognitive develo1>n1er1t and the acquisition of language (pp. 65-110). New York: Academic
Press.
Clark, E. V ., & Garnica, 0. K. (1974). ls he coming or going? On the ac·
quisition of deictic verbs. Journal of Verbal Learning artd Verbal Behavior,
13, 559-572.
Clark, H. H. (1970). The primitive nature of children's relational concepts.
Jn J. R. Hayes (Ed.), Cog11itioJJ and the development of language (pp. 269278). New York: Wiley.
Clement, C., & Gentner, D. (1988). Systematicity as a selection constraint
in analogical mapping. In Proceedings of the Tenth Allnual Conference of
the Cognitive Science Society (pp. 412-418). Hillsdale, NJ: Erlbaum.
Clement, C., & Gentner, D. (1991). Systematicity as a selection constraint
in analogical mapping. Co~nitive Science, 15, 89-132.
Collins, A., Brown, ) . S., & Newman S. (1989). Cognitive apprenticeship:
l'eaching the craft of reading, writing, and mathematics. In L. B. Res·
nick (Ed.), Knowing, lear11i11g, and instruction: Essays in honor of Robert
Glaser (pp. 453-494). Hillsdale, NJ: Erlbaum.
Crisafi, M. A., & Brown, A. L. (1986). Analogical transfer in very young
children: Combining two separately learned solutions to reach a goal.
Child Development. 57. 953-968.
Davidson, N. 5., & Gelman, S. A. (1990). Inductions from novel categories:
The role of language and conceptual structure. Co~rritive Develop1nenl,

5, 151-176.
DeLoache. J. S. (1989). The development or representation in young children. In H. W. Reese (Ed.), Advances in child detielopnrenl and behavior
(Vol. 22. pp. 1-39). New York: Academic Press.
DeLoache, J. S. (1990). Young children's understanding of models. In R.
Fivush & ) . Hudson (Eds.), Wliat children remember and why (pp. 94120). Cambridge University Press.
Donaldson, M., & Wales, R. (1970). On the acquisition of some relational
terms. Jn). R. Hayes (Ed.). Cognition and the development of language (pp.
235-268). New York: Wiley.
Dore, ). (1986). The dt·velopnH~nt of conversational competence. In R. L.
Schiefelbusch (Ed.), U111guagc co111petence: Assess111ent and i11tem•11tio11 (pp.
3-60). San Diego, CA: College-Hill Press.
Dore, ) .. Franklin, M. B., Miller, R. T., & Ramer. A. L. H. (1976). Transitional phenomena in early language acquisition. Journal of Child Lan·
g1ia;.:c, 3, 13-28.
Dromi, E. (1982). l11 p11rsuit of 111ea11ingf11l rvords: A case study a11al_11sis of <'arly
lexical rl1•peJapn1c11I. Unpublished doctoral dissertation, McGill Univer·
sity, Montreal.
Elio, R., & Anderson, ). R. (1981). Thl' effects of category generahzalions
and instance similarity on schema abstraction. Journal of fxl'cri1111·11tal
/>:;_11cliology: fl1oua11 U·an1111,'\ and Mt•111ory, 7, 397-417.

• .J72 ~ V. (~L'nlner and M.

J.

l{atlernldllll

F.llkl'nh<11n1..·r, B. (1Y88). Lt•nruiu;.: fru'" 11l1y:>ic11J n1111/ogit•;;;: A study in 11111llogy
a11d tl1t• cxpl111111tio11 11rot:t•ss (Tech. Rep. UIUCDCS-R-88-1479). Urbana:
University or Illinois, Departn1ent of Compllter Science.
forbus, K. D., & Gentner, D. (1986). Lt.•arning physical don1ains: Toward
a theoretical fran1C'Work. In R. S. Michalski. J. C. Carbonell, & ·r. M..
Mitchell (Eds.), Machine learning: An artificial inlt.•llixeuce approac/1 (Vol.
2, pp. 311-348). Los Altos, CA: Kaufmann.
Gardner, H., Kircher, M., Winner, E., & Perkins, D. (1975). Children's metaphoric productions and preferences. Journal of Child Language, 2, 125141.
Gardner, H., & Winner, E. (1982). First intimations of artistry. In S. Strauss
(Ed.), U-Shaped behavioral growth (pp. 147-168). New York: Academic
Press.
·
Garner, W. R. (1974). The processing of information and structure. Hillsdale,
NJ: Erlbaum.
Carner, W. R. (1978). Aspects of a stimulus: Features, dimensions, and
configurations. In E. Rosch & B. B. Lloyd (Eds.), Cognition and categorization (pp. 99-133). Hillsdale, NJ: Erlbaum.
Garner, W. R., & Felfody, G. L. (1970). lntegrality of stimulus dimensions
in various types of information processing. Cognitive Psychology, 1, 225241.
Gelman, S. A., & Markman, E. M. (1987). Young children's inductions from
natural kinds: The role of categories and appearances. Child Development, 58, 1532-1541.
Gentner, D. (1975). Evidence for the psychological reality of semantic components: The verbs of possession. In D. A. Norman & D. E. Rumelhart
(Eds.), Explorations in coKnition (pp. 211-246). San Francisco: Freeman.
Gentner, D. (1977a). Children's performance on a spatial analogies task.
Child Development, 48, 1034-1039.
Gentner, D. (1977b). If a tree had a knee, where would it be? Children's
performance on simple spatial metaphors. Papers and Reports on Child
Languaxe Dei'Clopment, 13, 157-164.
Gentner, D. (1978). On relational meaning: The acquisjtjon of verb meaning. Child Development, 49, 988-998.
Gentner, D. (1982a). Are scientific analogies metaphors? In D. S. Miall (Ed.),
Metaphors: Problems and perspectives (pp. 106-132). Brighton: Harvester
Press.
Gentner, D. (1982b). A study of early word meaning using artificial objects:
What looks like a jiggy but acts like a zimbo? In J. Gardner (Ed.), Readings in developmental psychology (2d ed., pp. 137-142). Boston: Little,
Brown.
Centner, D. (1982c). Why nouns are learned before verbs: Linguistic relativity versus natural partitioning. In 5. A . .Kuczaj (Ed.), LAnguage de·
ve/opment: Vol. 2. Language, thought, and culture (pp. 301-334). Hillsdale,
NJ: Erlbaum.
Gentner, D. (1983). Structure-mapping: A theoretical framework for analogy. Cognitive Science, 7, 155-170.
Gentner, D. (1988). Metaphor as structure mapping: 'fhe relational shift.
Child Development. 59, 47-59.
Gentner, D. (1989). The mechanisms of analogical learning. In S. Vosniadou & A. Ortony (Eds.), Sin1ilarity aud analogical rt•t1so11i11g (pp. 199241 ). Cambridge University Press.

U111suagt.' 1111d tlic 1.:11rc:er of si111ilarity

273

Gentner, f) .. & Clen1ent. C. (1988). Evidl'llt.'l.' for rt.>lalional selt.~~tivity in the
interprt..>t.111011 of an.1logy and mt.•taphor. In G. H. Bowt.•r (f..d.), f/u· 11s.t1t.'ltoloxy of h·an1111s 1111d ,,,oti11fltio11 (Vol. 22, pp. 307-358). New York: Acaden1ic Press.
Gentner, D .. & l.andt.•rs, R. (1985). Analogical rerninding: A good n1atch is
hard to find. In Proceedings of the /utcrnational Confere11ce on Systenrs, Ma11
and C_y/Jemetics (pp. 607-613). Tucson, AZ.
. . . .
Gentner, D., & Rattermann, M. J. (1990). The roles of s1mllar1ty 1n transfer:
Detenniunnts of si111ilarity-based reminding and mapping. Unpublished
manuscript.
. .
. . . .
Gentner D., & Toupin, C. (1986). Systemalloty and surface s1milanty m
the development of analogy. Cognitive Saence, 10, 277-300.
Gibson, E. J. (1969). Principles of perceptual learnmg and development. New
York: Appleton-Century-Crofts.
.
Gick, M. L., & Holyoak, K. ]. (1980). Analogical problem solving. Cognitive
Ps~chology. 12. 306-355.
.
Gick, M. L.,' & Holyoak, K. J. (1983). Schema induction and analogical
.
transfer. Cognitive Psychology, 15, 1-38.
Gillis, S. (1984). De verwerving van talige referentie. Unpublished doctoral dissertation, University of Antwerp, Belgium.
Gillis, S. (1986). This child's nominal insight is actually a process: The plateau-stage and the vocabulary spurt in early lexical development. Ant-

1

werp Papers in Linguistics, 45.
. .
Gillis, S. (1987). Words and categories at the onset of language acqmsiton:
Product versus process. In A. De Houwer & 5. Gillis (Eds.), Perspectives
on child language (pp. 37-53). Brussels: Universite de Bruxelles.
Goldin-Meadow, S., Seligman, M. E. P., & Gelman, R. (1976). Language
in the two-year old. Cognition, 4, 189-202.
.
.
Goldstone, R. L., Gentner, D., & Medin, D. L. (1989). Relations relating
relations. In Proceedings of the Eleventh Annual Conference of the Cognitive
Science So.:iet_y (pp. 131-138). Hillsdale, NJ: Erlbaum.
.
. . .
Goldstone, R. L., Medin, D. L., & Gentner, D. (1991). Relatmnal similarity
and the non-independence of features in similarity judgments. Co,'?nitive Psychology 23, 222-262.
Gopnik, A. (1980). The development of 11011-110111inal ~xpressions in on.e to ~UI(}
t1ear old cl11ldren. Unpublished doctoral dissertation, Oxford Un1vers1ty,
Oxford.
Gopnik, A. (1981 ). The development of non-nominal expressions in 12-24month-olds. In P. S. Dale & D. Ingram (Eds.), Child language: An international perspective (pp. 93-104). Baltimore: University Park Press
Gopnik, A., & Meltzoff, A. N. (1984). Semantic and cognitive development
'
in 15- to 21-month-old children. Journal of Cluld Language, 11, 495-513.
! Gopnik, A., & Meltzoff, A. N. (1986). Words, _plans, things, and locations:
Interactions between sen1ant1c and cognitive development 1n the one·
word stage. In S. A. Kuczaj and M. D. Barrett (Eds.), The development
of lt.ion1 111eani11x: Progress 111 coguitive de11elopn1ent research (pp. 199-223).
Berlin: Springer.
Goswan1i, U. (1989). Relational complexity and the development of ana'
logical reasoning. Cognil1ve Dl'veloptnent, 4, 251-268.
.
Goswami, U. (1991). Analogical reasoning: What develops? A review of
research and theory. Cliild Dev(•/opn1e11t, 62, 1-22.
Goswami, U., & Brown, A. L. (1989). Melting chocolate and melting snow'

274 0. Gen!Jwr and M.

J. R,1ttermann

ITil'n: An.ilogicill reasoning and causal relations. Cox11itio11, 35. 69- 95.
J-lal(ord, _G. S. (1987). A str11clun·-,,1appi11x dt•fi11ilio11 of n111n·11t1u1f f111n11f,·xitir
li11f'/Jt11lio11s /or cox111t1Pt' d(·ztcl<11'11u.·11t (l"ech. H.ep. No. 87 / l ). St. Luci;1 ,

Australia; University of Queensland, Centre for Hun1an lnforn1ation
Processing and Problem-Solving.
Halford, G. S., & Wilson, W. H. (1980). A category theory approach to
cognitive development. Cognitive Psyclrology, 12, 356-41 I.
Halliday, M. A. K. (1975). Leaming how to mean: Explorations in tire develop111e11l of language. London: Arnold.
Hayes-Roth, F., & McDermott, J. (1978). An interference matching technique for inducing abstractions. Communications of the ACM, 21, 401411.
Holyoak, K. J., Junn, E. N., & Billman, D. 0. (1984). Development of analogical problem-solving skill. Clrild Development, 55, 2042-2055.
Huttenlocher, J., & Smiley, P. (1987). Early word meanings: The case of
obiect names. Cognitive Psychology, 19, 63-89.
Inagaki, K., & Hatano, G. (1987). Young children's spontaneous personification as analogy. Child Development, 58, 1013-1020.
lnhelder, B., & Piaget, J. (1958). Tire growth of logical thinking from childhood
to adolescence. New York: Basic Books.
James, W. (1890). The principles of psychology (Vol. 2). New York: Dover.
Keil, F. C. (1989). Concepts, kinds, and cognitive development. Cambridge, MA:
MIT Press.
Kolstad, V. T., & Baillargeon, R. (1990). Context-dependent perceptual and
fu11ct1ona/ categorization ;,, 10.5-n1onth-old infants. Unpublished manuscript.
Kotovsky, L., & Gentner, D. (1990a, March). Pack light: You will go farther.
In D. Gentner (Chair), Sin1i/arity as structural alignrnent. Symposium
conducted at the 2nd Midwest Artificial Intelligence and Cognitive Science Conference, Carbondale, IL.
Kotovsky, L., & Gentner, D. (1990b). Relational similaritl{: To see or not to
see. Unpublished manuscript.
·
Kuenne, M. R. (1946). Experimental investigation of the relation of' language to transposition behavior in young children. Journal of Experimental Psyclrology, 36, 471-490.
Landau, B., Smith, L. B., & Jones, S. S. (1988). The importance of shape
in early lexical learning. Cosnitive Dcve/opn1ent, 3, 299-321.
Larkin, J. H., & Simon, H. A. (1981). Learning through growth of skill in
me.ntal modelin8:. Jn Proceedings of the Third Annual Conference of lilt• Cog"''""' Science Soc1ch1 (pp. 106-111). Hillsdale, NJ: Erlbaum.
Macnamara, J. (1972). Cognitive basis of language learning in infants. P~y
choloxical Review, 79, 1-13.
Macnamara, J. (1982). Names for ll1i11gs: A study of hu1na11 Jearuiux. Cambridge, MA: MIT Press.
Mandler, J. M., & Bauer, P. J. (1988). The cradle of categorization: Is the
basic level basic? Cox11itn1e Dcvelo11n1e11I. 3, 247-264.
Markma_n, E. M., & Hulchinson, J. E. (1984). Children's sensitivity to const.ra1nts on word meaning: Taxonomic versus thematic rclahons. Cu~111t111e Psychology, 16, 1-27.
Medin, D. L., Goldstone, R. L., & Gentner, D. (1990). Similarity involving
attributes and relat_ions: Judgments of similarity and diffen...-ncc are not
inverses. Psycho/og1cal Sc1t•11ct>, 1, 64-69.

U111suast'

111111

llu• car<'<'r of si111ilarily 275

Medin. D. L., & Ross. B. H. (1989). The specific t"haracter of abstract thou~ht:
l,Jh.·gorizalion, problenl-solving. and induction. In R. J. Sternberg (l:d.),
AdP111u·c.s i11 thL• psychology o/ /11u11a11 111tt•ll1gt•11ct• (Vol. 5, pp. 189-223).
Hillsdale, NJ: Erlbaum.
Menn, L. (1976). Paller11, coutrol, a11J contrast i11 begi1111i11g speech: A caSt' study
Ju the dt•vclopn1e11t of word /on11 and u10rd f1111ctio11. Unpublished doctoral
disserlation, University of Illinois at Urbana-Champaign.
Menyuk, P., & Menn, L. (1979). Early strategies for the perception and
production of words and sounds. In P. Fletcher & M. Garman (Eds.),
l.Jl11g11age acquisition: Studies in first language development (pp. 49-70).
Cambridge University Press.
.
Nelson, K. (1973a). Some evidence for the cognitive primacy of categonzation and its functional basis. Merrill-Palmer Quarterly, 19, 21-39.
Nebon, K. (1973b). Structure and strategy in learning to talk. Monoxraphs
of tire Society for Research in Child Development, 38 (1:-2, Serial No. 149).
Nelson, K. (1988). Constraints on word learning? Cogn1t1ve Development, 3,
221-246.
Ortony, A., Reynolds, R. E., & Arter, J. A. (1_978). Metaphor: Theoretical
and empirical research. Psychological Bui/elm, 85, 919-943.
Palmer, S. E. (1978). Fundamental aspects of cognitive representation. In
E. Rosch & B. B. Lloyd (Eds.), Cognition and categorization (pp. 259-303).
Hillsdale, NJ: Erlbaum.
Piaget,)., Montangero, J., & Billeter, J. (1977). La formation des. correlats.
In). Piaget (Ed.), L'Abstract1on reflech1ssante (pp. 115-129). Pans: Presses
Universitaires de France.
Pinker, S. (1984). umguage leamability and language development. Cambridge,
MA: Harvard University Press.
Premack, D. (1983). The codes of man and beasts. Belravioral and Brain Sciences, 6, 125-167.
Premack, D. (1988). Minds with and without language. In L. Weiskrantz
(Ed.), Thought wit/1out la11x1mge (pp. 46-55). Oxford: Oxford University
Press.
Quine, W. V. (1969). Ontological relativity and other essays. New York: Columbia University Press.
Rattermann, M. J., & Gentner, 0. (1990, March). The development of similarity use: It's what you know, _not how you k~ow it. In D. Gentner
(Chair). Si,nilarity as structural a/1g11menl. Symposium conducted at the
2nd Midwest Aftificial Intelligence and Cognitive Science Conference,
Carbondale, IL.
Rattermann, M. )., Gentner, D., & DeLoache, J. (1987 April). Younx children's u~(' of relational si111ilt1rity in a transfer t11sk. Poster presented at the
biennial meeting of the Society for Research in Child Development,
Hallinlore, MD.
Rattermann, M. J, Gentner, D., & DeLoache, J. (1989, April). Effects of comJlt.'linx surfact• si111il11rity 011 children's perfonnance in an analogical tas~. Pos!er
presented at lht.' biennial meeting of the Society for Research 1n Child
l)t.>velopmenl, Kansas City, MO.
.
Rath~rn1ann, M. } , Centner, l)., & DeLoache, }. l1990). Effects of relahonat
and oh1c{·t s111ul11rity on chil1lre1t's perfor111ance iu a n1apping task. Unpublish1...•d ITiilOUS('ript.
Ricciuti, 11. N. (IY65). Object grouping and S(•lt•ctivc ordering behavior in
infants 12 to 24 n1onths old. Mt•rrill·Pal111t·r Quartt•rly, 11, 129--148.

2l6 D. Gentner and M. ). Rattermann
Rosch, E., & Mervis, C. B. (1975). Family resemblances: Studies in the internal structure of categories. Cognitive Psychology, 7, 573-605.
Rosch, E., Mervis, C. B., Gray, W. D., Johnson, D. M., & Boyes-Braem.
P. (1976). Basic objects in natural categories. Cognitive Psychology. 8.
382-439.
Ross, B. H. (1989). Remindings in learning and instruction. In S. Vosniadou
& A. Ortony (Eds.). Similarity and analogical reasoning (pp. 438-469).
Cambridge University Press.
Schumacher, R. M., Jr., & Gentner, D. (1990). Analogical access: Effects of
repetition, competition, and instruction. Unpublished manuscript.
Schwartz, R. G., & Terrell, B. Y. (1983). The role of input frequency in
lexical acquisition. Journal of Child U.nguage, 10, 57-64.
Sera, M., & Smith, L. B. (1987). Big and little: "Nominal" and relative uses.
Cognitive Develupment, 2, 89-111.
Shepp, B. E. (1978). From perceived similarity to dimensional structure: A
new hypothesis about perceptual development. In E. Rosch & B. B.
Lloyd (Eds.), Cognition and categorization (pp. 135-167). Hillsdale, NJ:
Erlbaum.
Shepp, B. E., & Swartz, K. B. (1976). Selective attention and the processing
of integral and nonintegral dimensions: A developmental study. Journal
of Experimental Child Psychology, 22, 73-85.
Smith, L. B. (1984). Young children's understanding of attributes and dimensions: A comparison of conceptual and linguistic measures. Child
Development, 55, 363-380.
Smith, L. B. (1989). From global similarities to kinds of similarities: The
construction of dimensions in development. In 5. Vosniadou & A. Ortony (Eds.), Similarity and analogiml reasoning (pp. 146-178). Cambridge
University Press.
Smith, L. B., & Kemler, D. G. (1977). Developmental trends in free classification: Evidence for a new conceptualization of perceptual development. Journal of Experimental Child Psychology, 24, 279-298.
Smith, L. B., Rattermann, M. J., & Sera, M. (1988). "Higher" and "lower":
Comparative and categorical interpretations by children. Cognitive Development, 3, 341-357.
Starkey, D. (1981). The origins of concept formation: Object sorting and
object preference in early infancy. Child Development, 52, 489-497.
Stern, W. (1914). Psychologie der fruehen kindheit. Leipzig: Quelle & Meyer.
Sternberg, R. J., & Downing, C. J. (1982). The development of higher-order
reasoning in adolescence. Child Development, 53, 209-221.
Sternberg, R. )., & Nigro, G. (1980). Developmental patterns in the solution
of verbal analogies. Child Development, 51, 27-38.
Sternberg, R. )., &: Rifkin, B. (1979). The development of analogical reasoning processes. Journal of Experimental Child Psychology, 27, 195-232.
Stoel-Gammon, C., & Cooper, J. A. (1984). Patterns of early lexical and
phonological development. Journal of Child LAnguage. 11, 247-271.
Sugarman, S. (1982). Developmental change in early representational intelligence: Evidence from spatial classification strategies and related verbal
expressions. Cognitive Psychology, 14, 410-449.
Taylor. M., & Gelman, S. A. (1989). Incorporating new words into the lexicon: Preliminary evidence for language hierarchies in lwo-year-old
children. Child Development, 60, 625-636.
Tomasello, M., & Farrar. M. J. (1984). Cognitive bases of lexical develop-

Language and lhe career of similarily 277
ment: Object permanence and relational words. Journal of Child Laug uage 11 477-493.
·
. p cep. ' s' A & D0 dd D. H. (1980). Early word meanings. er
•
Tom1kawa, · ·•
n-·-1
t 51 1103 1109
tually or functionally based? Child uc= op111e11 '. • . . 27-352.
k A (1977) Features of simdanty. Psycliolog1cal Review, 84, 3
Tvers y, .
.
R
Ids R E & Wilson P. T. (1984). Sources
Vosniadou'. S., Ortony, A., eynho"ld; . nd~rstanding' of metaphorical lanof d1ff1culty 1n the young c 1 s u
guage. Child Development, 55, 1588-1606.
.
. MIT p e
Vygotsky, L. S. (1962). Thought and language. Cambridge, MA.
r ss.
(Original work published 1934.)
.
d
W 1 R & Campbell R. (1970). On the development of companWson aMn
. a es,
·•
1· ·
the comparison
of ' developmen t · .In G. · .e· Flores d'Arca1s A& t · rdam·
'
Levell (Eds.). Adwnces in psychollngu1strcs (pp. 373-3%). ms e
·
North-Holland.
•
f
d" te rewaxman,
S & Gelman R. (1986). Preschoolers use o superor ma
.,
•
C
·t D I0 pment 1 139-156
lations in classification and language: ogni ive eve
' ' ta hori~
Winner. E. (1979). New names for old thmgs: The emergence of me P
language Journal of Child U.nguage, 6, 469-491.
.
.
W d ff G · & p emack D. (1981). Primative mathematical concepts m
oothe
ruchimpanzee:
' .,
r Proportionality
'
and numeros1.tY· N" lure, 293 • 568-570 ·
I

j

