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The ability to detect relational patterns shared by different
objects, events, or ideas is a cornerstone of our higher
reasoning ability. This characteristic of humans’ abilities may
have its origins in a relational processing mechanism that
allows us to abstract same/different representations using
comparison. This article discusses research that investigates
the nature of this ability and how it develops by exploring
relational learning in infants and tracing its development over
the first year of life. Delineating the conditions that promote
relational learning in young infants allows for comparisons to
relational learning in children and adults. More broadly, this
research influences our understanding of human cognition and
how it differs from that of other species.
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Introduction

Human cognition is striking in its brilliance and adapt-
ability. We readily generalize across situations and form
abstractions that can inform future reasoning. A number
of theorists have argued that the key to our higher-order
cognition is our exceptional talent for relational represen-
tation and reasoning [1-5]. Accounts of relational reason-
ing generally agree that relational ability in human adults
is characterized by both rich relational representations
and powerful relational processes [6]. How does relational
cognition in humans begin?

"This article reviews the origins of our uniquely powerful
relational ability. Do humans begin life endowed with
extraordinary relational learning ability, which then

enables us to learn a repertoire of relational representa-
tions? And/or are some early relations privileged — either
part of our initial endowment, or prepotent in learning [7—
10]. We can distinguish three broad positions. The stron-
gest possibility is that human infants are born not only
with analogical ability but also with a set of abstract
relations that they naturally use to encode experience
even very early in learning. Such a set would almost
certainly include the same-different relation. A second
possibility is that human infants are born with analogical
processing ability, with which they can learn relations
from experience, but without a starting set of primitive
relations. A third possibility is that analogical ability is not
inherent in human biology, but instead develops through
combining other abilities and experiences.

The value of this inquiry is in allowing us to discover the
roots of relational cognition. Adults’ ability to use abstract
categories and rules is supported by a vast store of
conceptual knowledge, influenced by the culture that
surrounds us and the languages we speak, as well as by
real world experience. To gain an understanding of the
nature and origin of our extraordinary relational ability,
we must investigate infants who have not had much
exposure to language and culture. If we can specify
how infants develop relational abstractions, then we will
be in a better position to understand how language and
culture capitalize on these existing cognitive abilities.

Evidence concerning same-different
processing in human infants

Because of the centrality of same-different relations in
cognition and in cross-species comparisons, a key ques-
tion is whether and when infants acquire insight into
these relations. More specifically, can infants distinguish
same pairs from different pairs, and if so, how? The first
possibility that same and different are part of a core set of
inborn or prepotent relations has been widely assumed,
based on a highly cited study by T'yrrell ez4/. [11°], using a
preferential looking paradigm. They reported that
7-month-old infants encode abstract same and different
relations without training, simply from exposure to a
single exemplar. However, the reported results collapsed
across the generalization test trial (Given AA, did infants
look longer at XX than at YZ) and the identical-item test
trial (Given AA, did infants look longer at BC than at AA).
Thus we cannot conclude that the infants had abstracted
the relation. We therefore replicated Tyrrell er al.’s
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methods with the same age group [12°] and looked at the
generalization trials separate from the recall trials. Our
collapsed results looked the same as Tyrrell ez a/.’s [11°].
However, when we separated the generalization trials
from the recall trials, it revealed that the effect was
due to the recall of the identical exemplar alone. In other
words, infants showed a novelty response when compar-
ing the identical pair they had seen (e.g. AA) with a new
pair (BC); but when the familiarized relation and the
competing relation were tested with new objects (e.g. XX
versus YZ), the infants showed no preference. In short, we
found no evidence that infants encode abstract same and
different relations without training. This finding runs
counter to the notion that infants are born with a set of
abstract relations.

Next, we tested the second position: whether infants are
capable of learning an abstract relation by structural
alignment. According to structure-mapping theory
[13°], comparing at least two exemplars supports aligning
and highlighting their common structure, and a series of
comparisons can lead to gradual abstraction of the com-
mon structure across exemplars [2,14,15°]. We showed
infants a sequence of four exemplars of same or different
toys [see Figure 1]. We used a habituation/dishabituation
paradigm, and the pairs were made of perceptually rich

Figure 1

toys (e.g. Elmos, blocks, ezc.). Half the infants saw same
pairs (e.g. AA, BB, CC, DD) and half saw different pairs
(AB, CD, BC, DA) that were repeated until infant looking
declined sufficiently to demonstrate habituation (about
6-9 trials). We then showed infants a sequence of six test
trials. On alternating trials, infants saw pairs of objects
that were either the same or different. 'The dependent
measure was the duration of infants’ looking times.
The key question was whether infants who had seen
multiple exemplars of one relation would look longer at
the novel relation when instantiated with new objects
(XX versus YZ). We found infants were able learn and
generalize the relation. Infants habituated to same or
different pairs were able to detect the novel relations with
new objects.

The ability to abstract and transfer a relation from a series
of examples is one signature of analogical learning in older
children and adults [15°]. We also tested a second signa-
ture of relational learning — whether object salience
would interfere with structural alignment. Before the
experiment, we gave infants a brief exposure to a subset
of the objects used in test trials, thus increasing the
salience of these individual objects. We found that infants
failed to discriminate between the same and different
relations when the test pairs contained objects that had

(a) Object experience (waiting room)

ABCDRSABCDREF

(b) Habituation Conditions

AA AB
BB CD
cC BC
DD DA

(c) Test Trials

WL
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Schematic of events in Ferry et al. [12°] Experiment 2. Left side: (a) In the waiting room, infants saw a subset of the individual toys before the

experiment. (b) Infants were habituated to four pairs of objects, either same or different. (c) In six sequential test trials, looking time was recorded
to the novel and familiar relational pairs in three different types of test trials. Green check marks indicate conditions where there was significantly
longer looking at the novel compared to the familiar relation. Green X indicates test conditions where, as predicted, infants failed to discriminate
between the novel and familiar relations. Right side: Photos of the specific objects used in each trial.
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been rendered individually salient before habituation —
consistent with the findings among older children, for
whom object salience interferes with analogical compari-
son [16,17]. These findings suggest that by 7 months,
infants show the basic characteristics of analogical learn-
ing — their learning was facilitated by comparison across
examples and hindered by object focus. We interpret
these findings as showing that the analogical processing
ability is present in the first year of life and may be
continuous through development.

We argue that the critical difference between the Tyrrell
et al.’s experiment, where infants failed to generalize same
and different, and Ferry e al’s experiment, where infants
succeeded, was that Ferry e a/. presented infants with
multiple exemplars. However, these designs also differed
in that the latter used a habituation/dishabituation para-
digm. Consequently in a recent experiment, we habitu-
ated 7-month-old and 9-month-old infants to a single
exemplar. As before, they did not generalize the same-
different relation when they received only one exemplar
[18], providing further evidence that infants are abstract-
ing the same-different relations, which requires alignment
and comparison across exemplars.’

Revisiting the three broad positions about the origins of
our relational abilities, our non-replication of the Tyrrell
et al. [11°] one-exemplar study runs counter to the idea
that same-different is part of a pre-existing set of core
relations. Our finding that 7-month-old and 9-month-
old infants can distinguish same and different after
experiencing a series of comparable exemplars, argues
against the third position we considered: that analogical
ability arises late, through experiences and combining
other capacities such as language. Some converging evi-
dence for the second position comes from studies exam-
ining repetition in linguistic structures. Here, as in our
studies, 6-month-old to 12-month-old infants can gener-
alize these structures after being presented with multiple
exemplars [20-23]. Although language and conceptual
learning clearly refine and extend our analogical abilities,
our findings indicate that these abilities are present before
extensive cultural and linguistic experience. In sum,
while our studies do not rule out the possibility of innate
same and different relations [16] they provide the most
support for the second position: that infants have a
relational processing mechanism that allows them to
compare across examples to form abstract relations.

Our next study tested for relational abstraction at the
earliest age possible and served as a base for capturing
developmental changes in the learning process across age

! One study has found that infants generalize linguistic patterns from a
single exemplar, although only under certain conditions [19]. Currently,
our lab is examining whether there are also contexts where infants could
learn same and different from one exemplar [18].

Origins of same/different Hespos et al. 71

groups [24°]. We tested 3-month-old infants — the earli-
est age at which infants have the neck control to partici-
pate in a looking-time paradigm. As in the prior study, the
key dependent measure is whether infants are able to
differentiate the familiar relation (e.g. same, if habituated
to same) from the unfamiliar one (e.g. differens) when they
see test pairs composed of new objects. The specific
predictions were that, if infants are learning by compari-
son, then (1) relational learning should benefit from
comparing a series of analogous exemplars and (2) per-
formance on test pairs should be hampered for pairs that
contain objects that were rendered individually salient
through object experience before the experiment.

Learning theories broadly agree that increasing the vari-
ability in a set of exemplars should lead to a greater range
of transfer [25-28]. Following this logic, young infants
may require a larger training set than the four exemplars
given to older infants in Ferry ez a/.’s study. Therefore, in
the first experiment, we increased the number of exem-
plars seen in habituation to six. However, there is an
alternate possibility — because alignment of relational
structure is the sine qua non for discovering new relational
commonalities, the ability to successfully compare and
align exemplars is a prerequisite for relational learning. As
discussed below, some studies have found that increasing
the number and variability of examples can be detrimen-
tal to young children’s relational learning, assumedly
because their attention is drawn to the varying objects
[29°,30]. To allow for this possibility, in our second
experiment we gave infants two exemplars that alternated
across habituation (see Figure 2).

The results revealed no evidence of learning the relation
when 3-month-old infants were presented with six exem-
plars. However, the infants did learn the relation when
they were presented with two alternating exemplars
during habituation trials. In the two-exemplar condition,
the 3-month-olds showed the key signature of analogical
abstraction: they looked significantly longer at the novel
relation during test when that relation was instantiated
with new objects. This provides evidence that infants
were able to transfer the relation to objects that they had
not seen previously. In addition, there was evidence that
object focus hindered learning. As in Ferry er al. [12°],
there was no difference in looking time between the
novel and familiar relations when instantiated by objects
that had been made individually salient through pre-
exposure. Moreover, there was a significant interaction
between the new test trial type and object experience test
trial type. These findings show that the signatures of
analogical learning are present not only at 7 months [12°],
but by 3 months of age [24°]. Clearly, language is not a
necessary prerequisite for relational processing — the
ability to carry out structural alignment and abstraction
is in place well before the advent of language compre-
hension. However, although relational abstraction does
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Figure 2

(a) Object experience (waiting room)
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(b) Habituation Conditions
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BB CD
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(c) Test Trials
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only
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Pair Habituation
only

Experiment 1: Variability Experiment 2: Repetition

(a) Object experience (waiting room)
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(b) Habituation Conditions
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AA AB
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Schematic of events in Anderson et al. [24°]. In Experiment 1 on the left, infants saw six exemplars during habituation trials. In Experiment 2 on
the right, infants saw an alternation between two exemplars. (a) In the waiting room infants saw a subset of the individual toys before the
experiment. (b) Infants were habituated to pairs of objects, either same or different. (c) In sequential test trials, looking time was recorded to the
novel and familiar relational pairs across different types of test trials. Green check marks indicate conditions where there was significantly longer
looking at the novel compared to the familiar relation. Green X indicates test conditions where, as predicted, infants failed to discriminate between
the novel and familiar relations. Red Xs indicate test conditions in which we expected infants to discriminate between the novel and familiar

relations, but they failed to do so.

not require language, Gentner and Christie have argued
that language amplifies our analogical potential by invit-
ing comparison and retaining the abstractions that result.
In the other direction, we speculate that language learn-
ing may capitalize on analogical processes, both for
semantic and for grammatical structures [31-33].

The finding that at 3 months infants formed a relational
abstraction with two alternating exemplars but not with
six exemplars seems at odds with the many findings
indicating that increasing the number and variability of
exemplars promotes generalization, in both animals [34-
36] and humans [37-40,41°42-44]. Yet, there are a few
studies that align with the ‘less is more’ pattern
[19,29°,30,45]. These findings may reflect a divide
between studies in which the desired generalization
depends on common object properties and those in which
the desired generalization depends on relational com-
monalities. In the former case, more variability generally
helps to broaden the generalization. But in order to form a
relational abstraction, the learner must be able to carry out
structural alignment over the exemplars. If the exemplars
contain a variety of individual objects that look very
different from one another, the learner may fail to align

them. For example, in our studies with 3-month-olds, we
suggest that repeated exposure to two exemplars allowed
the infants to go beyond noticing only the individual
objects to encoding the relations, which could then be
aligned across exemplars (see Casasola [29°], for a similar
account). The standard learning principle — ‘Breadth of
training predicts breadth of transfer’ — is a useful rule,
widely applicable for relatively concrete categories. But
because alignment of relational structure is essential for
discovering new relational commonalities, the ability to
successfully compare and align is a prerequisite for rela-
tional learning [15°,24°]. Thus, as Gentner and Hoyos
[15°] noted, the standard principle must be amended for
relational learning to be ‘Breadth of a/ignable training
predicts breadth of transfer’. The differences described
across 2, 4, or 6 exemplars address this issue by probing
the factors that influence the encoding of the abstract
relation.

Together, these experiments demonstrate that infants in
the first year of life are capable of learning a same/different
relation for pairs of objects with 6-9 habituation trials.
These findings provide an interesting contrast to the
comparative studies using similar tasks. Very few species
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can learn the same/different relation for pairs of objects and
for those few species that succeed, they require extensive
training. For example, Wright and Katz [46] were able to
train rhesus monkeys, capuchin monkeys and pigeons to
distinguish same pairs from different pairs; however, to
show full transfer to novel pairs, the two monkey species
required over 4700 training trials and the pigeons required
nearly 14 000 training trials. Flemming ez a/. [47] showed
that rhesus monkeys could learn a same/different task with
larger arrays and that they could subsequently succeed on
a sameldifferent task with pairs. But whether this species
difference is viewed as a graded continuum, as much of
this work suggests, or as a dichotomy, as Penn ¢ a/. [4]
propose, it is clear that humans excel in relational ability.
For a further discussion of the continuum of relational
ability across species, as well as the point that humans
stand out among species in having exceptional talent for
relational learning please see Gentner e7 @/. (this issue).

Conclusions

"T'he sameldifferent relation has perennial importance in
the field of psychology dating back to the beginning of the
field when William James stated in 1890 that the recog-
nition and integration of the ‘sense of sameness is the very
keel and backbone of our thinking’ (p. 459) and ‘the most
important of all the features of our mental structure’ (p.
460, quoted in Wasserman and Young) [36]. However,
some key issues remain controversial — specifically,
whether infants begin life with a set of core relations.
Our failure to find evidence that same and different are
present before engaging in comparison and abstraction
argues against this possibility. Our studies demonstrate
that infants have a relational processing mechanism that
can compare across examples to form abstract relations.
Future experiments need to focus on the distinction
between possessing an inkerent representation of same
(and/or different) [9] versus having a learning process that
allows the relation to be abstracted from input [12°,24°].
What is new about the contributions from the infant work
is that sameldifferent discrimination is present in the first
year of life suggesting that the ability emerges before and
independent of language. Moreover, the factors that
facilitate and hinder relational learning in children and
adults have similar effects on infant learning suggesting
that the underlying mechanism may have continuity
through development.
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