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Two experiments investigated whether infants can use their rich social knowledge to bind representations of
individual objects into larger social units, thereby overcoming the three-item limit of working memory. In
Experiment 1, 16-month-olds (n = 32) remembered up to four hidden dolls when the dolls had faced and
interacted with each other in pairs, but not when they faced and interacted with the infant, suggesting that
infants chunked the dolls into social pairs. In Experiment 2 (n = 16), infants failed to remember four dolls
when they faced each other without interacting, indicating that interaction between the dolls was necessary to
drive chunking. This work bridges a gap between social cognition and memory by demonstrating that infants
can use social cues to expand memory.

A classic signature of working memory is the lim-
ited amount of information it can store. When rep-
resenting or manipulating information over brief
durations, observers show strict capacity limits; for
example, in many studies adults remember infor-
mation from four individual items, but no more
(e.g., Brady, Konkle, & Alvarez, 2011; Cowan, 2001;
Luck & Vogel, 1997; Sperling, 1960). This limit
appears to be in place from early in development.
Across a range of paradigms, infants remember up
to three items at a time, but show poor memory
when more than three items are presented (e.g.,
Barner, Thalwitz, Wood, & Carey, 2007; Feigenson
& Carey, 2003, 2005; Feigenson, Carey, & Hauser,
2002; Ross-Sheehy, Oakes, & Luck, 2003). For exam-
ple, infants who watched one, two, or three objects
being hidden inside a box and then saw only a sub-
set of these retrieved continued to search the box
for the missing object(s). In contrast, infants who
saw four or more objects hidden failed to continue
searching (Feigenson & Carey, 2003, 2005; Feigen-
son & Halberda, 2008; Rosenberg & Feigenson,
2013).

However, this limit on working memory capacity
sometimes can be overcome via chunking—that is,
by binding representations of individual items into
sets that represent both the individual item and the
larger chunk. Such chunking creates more efficient
representations, resulting in observers being able to

remember more information than they could in the
absence of chunking. Adults have been shown to
chunk items in memory using a variety of different
cues, including perceptual similarity, semantic relat-
edness, and statistical co-occurrences between items
(e.g., Brady, Konkle, & Alvarez, 2009; Chase &
Ericsson, 1982; Chase & Simon, 1973; Cowan, 2001;
Ericsson, Chase, & Faloon, 1980; Gobet & Clarkson,
2004; Mathy & Feldman, 2012; Miller, 1956; Simon,
1974). In one well-known example, expert chess
players correctly remembered the locations of more
pieces on a chessboard than did novice players, but
only when the pieces were arranged as in an actual
chess game (as opposed to in random configura-
tions; Chase & Simon, 1973; Gobet & Simon, 1998).
This suggests that the experts’ chess knowledge
allowed them to recognize and remember meaning-
ful configurations of pieces that could then be
“unpacked” into their individual components. In
addition, adults also can rapidly learn relations
among individual items within the timeframe of a
single experimental setting, and can use these
chunks to expand the total number of items remem-
bered over brief durations (e.g., Brady et al., 2009).

Recent studies reveal related chunking abilities
early in development, indicating that chunking does
not rely on formal instruction and is unlikely to
require conscious strategizing. In one series of
experiments, 14-month-old infants saw arrays of
equally spaced identical objects, then watched as all
the objects were hidden inside a box. Then, infantsThis work was supported by a National Science Foundation
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were allowed to reach into the box to retrieve the
objects. When one, two, or three objects had ini-
tially been hidden, infants appropriately searched
longer when only some of the objects had been
retrieved than if all had been retrieved—for exam-
ple, after seeing three objects hidden and two of
these retrieved from the box, infants continued
searching for the third object. However, when four
or more objects had been hidden and any subset of
these retrieved, infants failed to continue searching
(Feigenson & Halberda, 2004, 2008), demonstrating
that infants’ working memory for the objects was
limited. In contrast, when the same four objects
were presented in two spatially separated groups
(chunks) of two prior to hiding, infants successfully
continued to search for the correct number of hid-
den objects. This suggests that infants can use spa-
tial proximity to bind representations of individual
objects into chunks, with a resulting benefit to
memory performance.

Besides spatial information, infants also can use
semantic knowledge to chunk representations in
memory. Fourteen-month-old infants who saw two
toy cats and two toy cars hidden in a box success-
fully remembered all the objects even in the absence
of spatial cues. These objects could not have been
grouped based on perceptual cues alone, as infants
succeeded even when shown two perceptually dif-
ferent cats and two perceptually different cars. This
contrasts with infants’ failure to remember a single
array of four different cats or four different cars
(Feigenson & Halberda, 2008).

Although the above research shows that infants
can use categorical knowledge to drive chunking,
little is known about what other types of informa-
tion infants can employ to this end. Of particular
interest is whether infants can use finer grained,
within-category distinctions to support the hierar-
chical restructuring of memory. One potentially rich
source of such information is infants’ knowledge of
the social world. Infants are highly attuned to social
information, preferentially attending to faces over
nonsocial stimuli at only a few hours after birth
(Farroni et al., 2005). This attention to socially rele-
vant information appears to drive other aspects of
infant cognition. Infants can use social information
to individuate objects (Bonatti, Frot, Zangl, & Meh-
ler, 2002), imitate others (Hamlin, Hallinan, &
Woodward, 2008; Meltzoff, 1995), direct attention
to particular areas of a visual scene (e.g., Johnson,
Slaughter, & Carey, 1998; Wu & Kirkham, 2010),
and make inferences about the traits and goals of
social entities (e.g., Gergely, N�adasdy, Csibra, &
Bir�o, 1995; Hamlin, Wynn, & Bloom, 2007; Kinzler,

Dupoux, & Spelke, 2007; Woodward, 1998). Social
cues also can influence what types of information
infants store in memory. Infants remember the
identity (but not the location) of an object when a
social agent points at it, but remember only the
location of the object when the agent reaches for it
(Yoon, Johnson, & Csibra, 2008).

Infants are also attuned to interactions among
social agents. For example, 6-month-olds show dif-
ferent looking patterns when viewing interacting
social partners who faced each other versus part-
ners who faced away from each other (Augusti,
Melinder, & Gredeb€ack, 2010), and 10-month-olds
expect that a communicative agent should be facing
another agent (rather than an inanimate object)
when interacting (Beier & Spelke, 2012). Older
infants appear sensitive to other physical cues
about agents’ social relationships. Eighteen-month-
olds who viewed dolls that faced each other in an
affiliative stance subsequently were more likely to
offer help to an experimenter who appeared to be
in need, relative to infants who saw the same dolls
facing away from each other in a nonaffiliative
stance (Over & Carpenter, 2009). This suggests that
infants not only attend to and form expectations
about social entities (e.g., entities with faces or enti-
ties that interact contingently; Johnson et al., 1998)
but that they also pay attention to more subtle
aspects of the interrelations among social agents.

In light of this evidence that infants are highly
sensitive to social information, our goal in the pres-
ent experiments was to explore the intersection of
infants’ social knowledge and their working mem-
ory abilities. Specifically, we sought to determine
whether infants can use observed interactions
between socially relevant objects to bind representa-
tions of these individual objects into larger chunks,
thereby increasing memory. That is, we examined
whether social knowledge can influence the kinds
of units infants store in memory. To measure
infants’ memory and their ability to chunk objects,
we used the manual search task that has been uti-
lized in previous investigations of infants’ working
memory (Barner et al., 2007; Feigenson & Carey,
2003, 2005; Feigenson & Halberda, 2004, 2008;
Rosenberg & Feigenson, 2013; Van de Walle, Carey,
& Prevor, 2000). In Experiment 1, we examined
whether 16-month-old infants could remember
more hidden objects when the objects could be
chunked based on the social cues of affiliative
stance and reciprocal interaction. To preview our
results, we found that infants successfully remem-
bered four identical hidden objects only when
provided with these social chunking cues. In Exper-
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iment 2, we attempted to determine which cues
were critical by examining whether objects needed
to interact with each other to be chunked, or
whether merely being positioned in an affiliative
stance was sufficient. Our results suggest that see-
ing objects interact socially was required for infants
to successfully chunk.

Experiment 1

In both Experiments 1 and 2, we used the manual
search task to measure infants’ ability to remember
hidden objects. Previous investigations have
revealed that infants between 14 and 20 months old
consistently fail to remember more than three iden-
tical objects at a time in the absence of spatial or
linguistic chunking cues (Barner et al., 2007; Feigen-
son & Carey, 2003, 2005; Feigenson & Halberda,
2004, 2008). In Experiment 1, we presented infants
with arrays of equally spaced identical objects that
either were within their working memory capacity
(i.e., one or two objects), or were expected to be
beyond their working memory capacity (i.e., four
objects). Fully crossed with this factor of memory
load, we also presented infants with dolls that
either faced each other in pairs and interacted con-
tingently within a pair, or dolls that faced and
interacted with the infant. We predicted that
regardless of which types of social cues were pre-
sented, infants would successfully remember the
number of hidden objects in within-capacity arrays
(i.e., arrays of one or two objects). However, we
predicted that infants would only successfully
remember arrays of four hidden objects when the
dolls could be grouped into social pairs, in which
dolls within a pair faced and interacted with each
other.

Method

Participants

Thirty-two healthy full-term infants between the
ages of 15 and 17 months (range = 15 months
1 day to 17 months 4 days; M = 16 months 2 days)
participated; 19 of them were female. Seventeen
additional infants were excluded due to fussiness
(5), equipment failure (1), experimenter error (1),
parental interference (3), and failure to produce the
dependent measure (7). The infants who did not
produce the dependent measure refused to search
in the box due to shyness, fear of reaching through
the paneled opening, or lack of interest. The experi-

menter attempted to coax infants into reaching, but
was unsuccessful. Similar refusals, and exclusion
using the same criterion, have been observed in
other studies using this method (e.g., Feigenson &
Carey, 2003, 2005; Feigenson & Halberda, 2004,
2008), although our attrition rate is higher than
average. During the critical measurement periods in
the task, the experimenter disengaged from the
infant so as not to influence their searching (see
below)—it is likely that the very thing the task was
designed to elicit (a sense of social interaction) may
have distracted infants from searching for the hid-
den objects (importantly, our exclusion criterion
eliminated roughly equal numbers of infants across
all testing conditions). The final sample was pre-
dominantly Caucasian and middle class from the
greater Baltimore area.

Stimuli

Infants watched objects being hidden in a black
foam-core box (40.5 9 25 9 12 cm). The front face
of the box had an opening that was covered in blue
spandex (13 9 7.5 cm) with a horizontal slit
through which infants could reach and retrieve
objects, but not see. The back face of the box had
an opening concealed with black felt through which
the experimenter could surreptitiously reach and
withhold objects on critical trials (see below). The
stimulus objects were four identical Lego Duplo
dolls (measuring 6.5 cm high) and four identical
white toy cats in standing posture (measuring 8 cm
high). All the objects had faces that were clearly
visible when viewed from the front or the side. Dif-
ferent sets of dolls were used in each test block to
keep infants attentive and motivated.

Design

All infants were tested with one block of trials
containing numbers of objects expected to be within
their working memory capacity (one- vs. two-object
block), and one block of trials containing numbers
of objects believed to be outside of their working
memory capacity (two- vs. four-object block). In
addition, all infants were tested with one block of
trials in which the dolls faced each other and inter-
acted contingently with each other in pairs
(Doll 9 Doll interaction), and one block of trials in
which the dolls faced the infant and interacted with
the infant (Doll 9 Infant interaction). These were
fully crossed so that half of the infants viewed the
Doll 9 Doll interaction for the one- versus two-
object block and the Doll 9 Infant interaction for
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the two- versus four-object block, and the other half
viewed the reverse. Which memory load (one vs.
two or two vs. four objects), which condition
(Doll 9 Doll or Doll 9 Infant interaction), and
which doll type (Lego Duplo dolls or cats)
appeared in the first block were counterbalanced
across infants.

For the Doll 9 Doll interaction, the experimenter
placed the dolls atop the box facing the infant, then
turned them to face each other and enacted a brief
“conversation” in which the dolls appeared to greet
each other. Thus, postural information (the dolls
faced each other) and contingent social interaction
(the dolls greeted each other) were both available
for infants to use as a basis for binding the dolls
into social pairs. For the Doll 9 Infant interaction,
the experimenter placed the dolls atop the box fac-
ing each other, then turned them to face the infant
and enacted a brief “conversation” with the infant.
Hence, the number of movements and greetings
was matched to those in the Doll 9 Doll interac-
tion; the only difference was whether the dolls
faced and interacted with each other or with the
infant.

Procedure

Infants sat in a high chair with the experimenter
kneeling beside them. Infants first were familiarized
to the box and were encouraged to retrieve a set of
toy keys that they saw being hidden inside. After
infants had successfully retrieved the keys, the test
trials began.

One- versus two-object block
This block contained three different measurement

periods: one object (none remaining), two objects
(more remaining), and two objects (none remaining).
Each of these three measurement periods was pre-
sented twice. Half of the infants saw the Doll 9 Doll
interaction for this block of trials, and half of the
infants saw the Doll 9 Infant interaction.

Doll 9 Doll interaction. For one-object (none
remaining) measurement periods, only a single doll
was presented and thus it was not possible to enact a
reciprocal posture or social exchange between dolls.
Instead, the experimenter moved the single doll and
enacted its conversation so as to match the cues pro-
vided in the other measurement periods. First, the
experimenter said, “Watch this,” and placed the doll
on the box facing the infant. Next, the experimenter
said, “Look!” and turned the doll to face sideways
(to the infant’s right). She tilted the doll forward (fac-
ing the empty space on the box) and said, “Hello!”
while moving the doll up and down slightly to indi-

cate that it was speaking. If infants looked away
while the experimenter presented these social cues,
she attracted their attention back to the objects to
ensure that infants attended equally across the condi-
tions (this was true across all object presentations, on
all trials). The experimenter then pointed to the doll
and said, “Look at this!” She let the infant observe
the doll for approximately 2 s before inserting it
through the spandex-covered slit in the front face of
the box. The experimenter then pushed the box
toward the infant and said, “What’s in there?” All
infants successfully reached in and retrieved the
object, which the experimenter then immediately
took from them and placed out of sight under the
table. A 10-s measurement period followed (one
object, none remaining) during which the infant’s
searching (defined as having one or both hands
inserted through the spandex-covered slit up to or
past the knuckle closest to the palm) was measured.
Throughout this measurement period the experi-
menter kept her head bowed and remained silent.
After 10 s, the experimenter pulled the box out of the
infant’s reach, said, “Good job,” and the trial ended.
If the infant was still reaching in the box at the 10-s
mark, the experimenter allowed the trial to continue
until the infant removed their hand(s), then immedi-
ately ended the trial by pulling the box out of the
infant’s reach.

For two-object (more remaining) measurement
periods, the experimenter first said, “Watch this,”
and placed both dolls on the box facing the infant
(Figure 1a). Next, she said, “Look!” and turned the
dolls inward to face each other. She tilted the first
doll toward the second and said, “Hello!” while
moving the doll up and down slightly to indicate
that it was speaking, then tilted the second doll
toward the first and said, “Hello!” in the same
manner and voice (Figure 1b). The experimenter
then pointed to the dolls while saying, “Look at
this!” and let the infant observe the dolls for
approximately 2 s (Figure 1c) before inserting both
into the box (Figure 1d). As she did this, the experi-
menter surreptitiously used her other hand to reach
through the concealed opening in the back of the
box and grasp one of the dolls, which she then held
out of reach in the back of the box. The experi-
menter then pushed the box toward the infant and
said, “What’s in there?” The infant was allowed to
reach in and retrieve the doll that was not secretly
being withheld (and all infants did so). Once the
infant had retrieved the doll, the experimenter
immediately took it and placed it out of sight under
the table. A 10-s measurement period followed
(two objects, more remaining) in which the experi-
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menter looked down and remained silent. After
10 s, the experimenter reached into the box and
“found” the second doll, showing it to the infant
briefly before placing it out of sight under the table.
A final 10-s measurement period followed (two
objects, none remaining) during which the box was
again expected to be empty because at this point
two objects had been hidden and both had been
seen retrieved. After the 10 s had passed, the exper-
imenter said, “Good job” and pulled the box out of
the infant’s reach.

Doll 9 Infant interaction. In this same one- ver-
sus two-object block, the other half of the infants
viewed the Doll 9 Infant interaction. On one-object
(none remaining) trials, the experimenter said,
“Watch this,” and placed the doll on the box facing
sideways to the right. Next, the experimenter said,
“Look!” and turned the doll to directly face the
infant. She tilted the doll forward toward the infant
and said “Hello!” while moving the doll up and
down slightly to indicate that it was speaking. The
rest of the one-object (none remaining) measure-
ment period proceeded exactly as described for the
Doll 9 Doll interaction.

On two-object (more remaining) trials, the exper-
imenter said, “Watch this,” and placed both dolls
on the box facing each other (Figure 1e). Next, she
said, “Look!” and turned the dolls so that they

faced the infant. She tilted the first doll toward the
infant and said, “Hello!” then tilted the second doll
toward the infant and said, “Hello!” while moving
the dolls up and down slightly as they “spoke”
(Figure 1f). The experimenter left the dolls in place
for approximately 2 s (Figure 1g) before hiding
them in the box (Figure 1h). The rest of the two-
object (more remaining) and two-object (none
remaining) measurement periods proceeded exactly
as described for the Doll 9 Doll interaction.

Two- versus four-object block
The two- versus four-object block contained three

different measurement periods: two objects (none
remaining), four objects (more remaining), and four
objects (none remaining). Each of these three mea-
surement periods was presented twice. Half of the
infants saw the Doll 9 Doll interaction for this
block of trials, and half of the infants saw the
Doll 9 Infant interaction.

Doll 9 Doll interaction. On two-object (none
remaining) trials, the experimenter sequentially
placed two dolls atop the box facing the infant, say-
ing, “Watch this!” for each object placement. The
experimenter then said, “Look!” and turned the
dolls inward to face each other. She tilted the first
doll toward the second and said, “Hello!” then
tilted the second doll toward the first and said,
“Hello!” while moving each doll up and down

Two-Object Array: Doll Doll Interaction

A B C D

Two-Object Array: Doll Infant Interaction

E F G H

Figure 1. Sequence of events leading up to the two-object (more remaining) measurement period for the one- versus two-object block in
Experiment 1. Panels A–D: Doll 9 Doll interaction; Panels E–H: Doll 9 Infant interaction. (a) Experimenter places two dolls atop box,
facing the infant. (b) Experimenter turns the dolls to face each other, tilts one toward its facing partner and says, “Hello!” then repeats
this for the other doll in the pair. (c) Both dolls are briefly left in place, facing each other. (d) Experimenter hides both dolls inside the
box, and then infants are allowed to search. (e) Experimenter places two dolls atop box, facing each other. (f) Experimenter turns the
dolls to face the infant, tilts one forward and says, “Hello!” then repeats this for the other doll in the pair. (g) Both dolls are briefly left
in place, facing the infant. (h) Experimenter hides both dolls inside the box, and then infants are allowed to search.
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slightly to indicate that it was speaking. The experi-
menter then pointed to each doll while saying,
“Look at this!” and let the infant observe the dolls
for approximately 2 s before inserting them into the
box one at a time. The experimenter then pushed
the box toward the infant and said, “What’s in
there?” The infant was allowed to reach into the
box and retrieve both dolls. If they did not immedi-
ately do so, the experimenter reached in and
retrieved the remaining doll(s) and showed them to
the infant before placing both dolls out of sight
under the table. She then pushed the box toward
the infant and a 10-s measurement period ensued
(two objects, none remaining).

On four-object (more remaining) trials, infants
watched the experimenter place four dolls atop the
box two at a time (thereby equating the number of
movements to those in the two-object, none remain-
ing measurement periods) and position them in an
equispaced row facing the infant, saying, “Watch
this!” for each pair of objects (Figure 2a). Next, the
experimenter said, “Look!” and turned the first pair
of dolls inward to face each other. The experi-
menter then tilted one doll toward its facing part-
ner and said, “Hello!” and then did the same for
the other partner in the pair, moving the dolls up

and down slightly to indicate that they were speak-
ing (Figure 2b). She repeated this for the second
pair of dolls (Figure 2c). The experimenter then
pointed to each pair of dolls while saying, “Look at
this!” and left the dolls in place for approximately
2 s (Figure 2d), after which the experimenter
inserted the two left-most dolls into the box (Fig-
ure 1e), followed by the two right-most dolls. As
she inserted the second pair of dolls, the experi-
menter used her other hand to reach through the
concealed opening in the back of the box and grasp
two of the dolls, which she held out of reach in the
back of the box. The experimenter then pushed the
box toward the infant and said, “What’s in there?”
The infant was able to reach in and retrieve two
dolls (and, as stated earlier, if they did not immedi-
ately do so the experimenter provided assistance),
which the experimenter quickly took away and
placed out of sight under the table. A 10-s measure-
ment period followed (four objects, more remain-
ing). After 10 s, the experimenter reached in
through the front of the box and “found” the
remaining two objects. She showed them to the
infant and placed them out of sight under the table.
A final 10-s measurement period followed (four
objects, none remaining) during which the box was

Four-Object Array: Doll Doll Interaction

A B C D E

Four-Object Array: Doll Infant Interaction

F G H I J

Figure 2. Sequence of events leading up to the four-object (more remaining) measurement period for the two- versus four-object block
in Experiment 1. Panels A–E: Doll 9 Doll interaction; Panels F–J: Doll 9 Infant interaction. (a) Experimenter places four dolls atop box
in equispaced row, facing the infant. (b) Experimenter turns two dolls to face each other, tilts one toward its facing partner and says,
“Hello!” then repeats this for the other doll in the pair. (c) Experimenter repeats sequence B for the second pair of dolls. (d) All four
dolls are briefly left in place, facing each other in pairs. (e) Experimenter hides dolls two at a time inside the box, and then infants are
allowed to search. (f) Experimenter places four dolls atop box in equispaced row, facing each other in pairs. (g) Experimenter turns two
dolls outward to face the infant, tilts one doll forward and says, “Hello!” then repeats this for the other doll in the pair. (h) Experi-
menter repeats sequence G for the second pair of dolls. (i) All four dolls are briefly left in place, facing the infant. (j) Experimenter hides
dolls two at a time inside the box, and then infants are allowed to search.
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again expected to be empty because at this point
four objects had been hidden and all four had been
seen retrieved. After the 10 s had passed, the exper-
imenter said, “Good job” and pulled the box out of
the infant’s reach.

Doll 9 Infant interaction. In this same two- ver-
sus four-object block, the other half of the infants
saw the Doll 9 Infant interaction. On two-object
(none remaining) trials, the dolls were placed on
the box facing inward. Next, the experimenter said,
“Look!” and turned each doll to directly face the
infant. She tilted one doll forward toward the infant
and said, “Hello!” and then repeated this for the
other doll. The two-object (none remaining) mea-
surement period followed exactly as described for
the Doll 9 Doll interaction.

On four-object (more remaining) trials, the exper-
imenter first placed all four dolls on the box in an
evenly spaced row, facing inward in pairs (Fig-
ure 2f). Next, she said, “Look!” and turned the first
pair of dolls outward so that they faced the infant.
She tilted the first doll toward the infant and said,
“Hello!” then tilted the second doll toward the
infant and said, “Hello!” (Figure 2g). She then
repeated this for the second pair of dolls (Fig-
ure 2h). As in the other conditions, the dolls were
briefly left in place (Figure 2i) before being hidden
in the box (Figure 2j). The measurement periods for
four objects (more remaining) and four objects
(none remaining) followed exactly as described for
the Doll 9 Doll interaction. Critically, the objects,
presentation timing, and number of movements
were equated between the Doll 9 Doll interaction
and Doll 9 Infant interaction conditions.

Given previous demonstrations that arrays of
one and two objects are well within infants’ work-
ing memory capacity (Feigenson & Carey, 2003,
2005; Ross-Sheehy et al., 2003), we predicted that
infants would succeed on the one- versus two-
object block regardless of whether they viewed the
Doll 9 Doll interaction or the Doll 9 Infant inter-
action. Specifically, we predicted that infants
would search longer on the two-object (more
remaining) measurement periods, when two dolls
had been hidden but only one retrieved, than
either the one-object (none remaining) or the two-
object (none remaining) measurement periods,
when all the objects seen hidden had been
retrieved. In contrast, we predicted that infants
would succeed with the four-object arrays only
when provided with the social chunking cues from
the Doll 9 Doll interaction condition. That is, we
predicted that infants would search longer on four-
object (more remaining) measurement periods than

either two-object (none remaining) or four-object
(none remaining) periods, but only when they had
just seen the dolls face each other and interact con-
tingently in pairs.

A trained observer who was unaware of testing
condition coded infants’ searching offline, frame by
frame, using Preferential Looking Coder (Libertus,
2011). A second observer recoded 25% of the partic-
ipants, and coder agreement averaged 0.95.

Results and Discussion

One- Versus Two-Object Block

We first analyzed infants’ search patterns for the
one- versus two-object block. Because different
infants saw the Doll 9 Doll interaction and the
Doll 9 Infant interaction, we analyzed their data
separately.

Doll 9 Doll interaction
For infants who saw the Doll 9 Doll interaction,

we first examined whether there was any difference
in searching across the two measurement periods
when the box was expected to be empty. We found
that there was not; infants searched equally on one-
object (none remaining; M = 1.45) and two-object
(none remaining; M = 1.36) periods, t(15) = 0.239,
p = .81, and therefore we collapsed these scores into
an average score that reflected infants’ searching
when no more objects were expected to remain in the
box. Next, we examined whether infants searched
longer after seeing two objects hidden and just one
object retrieved (M = 2.58) than when the box was
expected to be empty. To do so, we calculated a dif-
ference score by subtracting the average searching
times on the collapsed none remaining trials from
average searching times on more remaining trials.
This difference score was significantly greater than
chance, t(15) = 2.964, p = .01, indicating that infants
successfully continued searching after seeing two
objects hidden and only one retrieved (Figure 3a).

Doll 9 Infant interaction
For infants who viewed the Doll 9 Infant interac-

tion, we examined the data in the same way. We
again found that infants searched equally on one-
object (none remaining; M = 1.74) and two-object
(none remaining; M = 1.49) measurement periods,
t(15) = 0.527, p = .61, and therefore we collapsed
these scores. Again, we calculated a difference score
by subtracting the average searching times on none
remaining trials from average searching times on
more remaining trials (M = 3.23). We found that this
difference score was significantly greater than chance,
t(15) = 2.746, p = .02, indicating that infants again
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successfully continued searching after seeing two
objects hidden and only one retrieved (Figure 3a).

To examine whether social cues affected infants’
memory for arrays of one and two objects, we com-
pared infants’ difference scores across the Doll 9
Doll interaction and Doll 9 Infant interaction condi-
tions. We found no difference, t(30) = 0.621, p = .54.

Two- Versus Four-Object Block

Next, we analyzed infants’ search patterns in the
two- versus four-object block. Again, because differ-
ent infants saw the Doll 9 Doll interaction versus
the Doll 9 Infant interaction, we analyzed their
data separately.

Doll 9 Doll interaction
For infants who saw the Doll 9 Doll interaction,

we first examined whether there was any difference
in searching across the two measurement periods
when the box was expected to be empty. We found
that there was not; infants searched equally on two-
object (none remaining; M = 2.10) and four-object
(none remaining; M = 1.73) periods, t(15) = 1.354,
p = .20, and so we collapsed these scores. We next
examined whether infants searched longer after see-
ing four objects hidden and just two retrieved
(M = 3.0) than when the box was expected to be
empty. To do so, we calculated a difference score by

subtracting the average searching times on none
remaining trials from average searching times on
more remaining trials. This difference score was sig-
nificantly greater than chance, t(15) = 3.745, p = .002,
indicating that after observing the Doll 9 Doll inter-
action, infants who saw four dolls hidden and only
two of them retrieved successfully continued search-
ing in the box for the remaining objects (Figure 3b).

Doll 9 Infant interaction
For infants who viewed the Doll 9 Infant inter-

action, we examined the data in the same way. We
again found that infants searched equally on two-
object (none remaining; M = 2.33) and four-object
(none remaining; M = 2.36) measurement periods,
t(15) = �0.075, p = .94, and therefore we collapsed
these scores. Again, we calculated a difference score
by subtracting the average searching times on none
remaining trials from average searching times on
more remaining trials (M = 2.24). This time we
found that this difference score was no greater than
chance, t(15) = �0.376, p = .71, indicating that after
observing the Doll 9 Infant interaction, infants who
saw four dolls hidden and only two of them
retrieved did not continue searching the box for the
remaining objects (Figure 3b).

To examine whether social cues affected infants’
memory for four-object arrays, we compared infants’
difference scores from the Doll 9 Doll interaction
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and Doll 9 Infant interaction conditions. We found
that infants’ performance differed by condition:
Difference scores for infants in the Doll 9 Doll inter-
action condition were significantly greater than those
for infants in the Doll 9 Infant interaction condition,
t(30) = 2.963, p = .01.

As predicted, we found that infants successfully
remembered arrays of one and two hidden objects
regardless of whether the objects in these arrays
faced and interacted contingently with each other
(Doll 9 Doll interaction) or whether they faced and
interacted with infants (Doll 9 Infant interaction).
As in previous investigations (Feigenson & Carey,
2003, 2005), infants searched longer after seeing two
identical objects hidden and retrieving just one of
them, relative to searching after seeing two objects
hidden and retrieving both, or after seeing a single
object hidden and retrieving it. In addition, we
found that infants successfully remembered arrays
of four identical objects, but only when provided
with socially relevant chunking cues in the
Doll 9 Doll interaction condition. When four identi-
cal dolls were seen to turn and face each other and
interact contingently in pairs, and then all four dolls
were hidden in the box and two of the four were
retrieved, infants successfully continued searching
for the missing objects. In contrast, infants who saw
the same four dolls turn toward and interact with
the infant, then saw the four hidden in the box and
two of the four retrieved, did not show this pattern
of success. As in previous studies, infants who did
not chunk the objects appeared unable to represent
four objects at once.

The findings of Experiment 1 suggest that in
addition to using spatial proximity and perceptual
and/or category cues to chunk objects in memory
(Feigenson & Halberda, 2004, 2008; Rosenberg &
Feigenson, 2013), infants can chunk using their
knowledge of the social world. Infants have previ-
ously shown sensitivity to the affiliative relations
between socially relevant objects (Over & Carpen-
ter, 2009). Here, we show that infants appear to
harness this sensitivity to group together objects
that behave affiliatively, and to represent these
objects as a chunk. Doing so appears to allow
infants to remember more total objects.

The findings of Experiment 1 raise the question
of which social cues were required to support
infants’ chunking. In Experiment 1 when infants
successfully chunked four objects, they saw dolls
positioned facing each other in an affiliative pos-
ture, and also saw the dolls speak to each other in
a reciprocal exchange. Previous studies have found
that infants are sensitive to both affiliative stance

(Over & Carpenter, 2009) and contingent behavior
(Deligianni, Senju, Gergely, & Csibra, 2011; Johnson
et al., 1998). Therefore, in Experiment 2 we sought
to determine whether both of these sources of social
information are required to support infants’ chunk-
ing, examining whether infants could use affiliative
posture, in the absence of contingent interaction, to
chunk objects in memory.

Experiment 2

To better understand the social cues that motivate
infants’ chunking, in Experiment 2 we examined
whether infants could chunk four-object arrays
when no contingent interaction information was
provided—that is, whether infants could chunk
socially relevant objects based solely on the objects’
positions relative to one another. Because Experi-
ment 1 confirmed that infants can represent arrays
of one and two objects regardless of the dolls’
stance and behavior, we presented all infants with
a one- versus two-object block in which the dolls
faced the infant (i.e., in which no social cues were
provided), and with a two- versus four-object block
in which the dolls faced each other in pairs, but the
dolls no longer interacted.

Method

Participants

Sixteen full-term infants between the ages of 15
and 17 months (range = 15 months 6 days to
17 months 0 days; M = 15 months 24 days) partici-
pated; nine of them were female. Nine additional
infants were excluded due to fussiness (4), experi-
menter error (1), equipment failure (1), sibling inter-
ference (1), and failure to produce the dependent
measure (2).

Stimuli

Infants saw four identical Lego Duplo zookeeper
dolls (which had also been used in Experiment 1)
as well as a set of four identical Strawberry Short-
cake dolls (8 cm high). The box was the same as
that in Experiment 1.

Design

Infants were tested with a one- versus two-object
block and a two- versus four-object block. Because
in Experiment 1 we found no effect of social cues
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on infants’ ability to remember within-capacity
arrays, and because previous studies show that
infants can remember one and two objects without
chunking (Feigenson & Carey, 2003, 2005), in the
one- versus two-object block we always presented
the dolls facing the infant: This was called the
doll(s) face infant condition. Because infants in
Experiment 1 and in previous studies have consis-
tently failed to remember four objects in the
absence of chunking cues, in the two- versus four-
object block, we always presented infants with dolls
that faced each other in affiliative pairs: This was
called the dolls face each other condition. Whether
infants were first tested with the one- versus two-
object block or the two- versus four-object block
was counterbalanced, as was whether the Lego dolls
or the Strawberry Shortcake dolls were used in the
one- versus two-object block.

Procedure

One- versus two-object block
The one- versus two-object block was structured

as in Experiment 1 and contained three measure-
ment periods: one object (none remaining), two
objects (more remaining), and two objects (none
remaining). In this block, all infants were tested in
the doll(s) face infant condition. The experimenter
said, “Watch this” as she placed the doll(s) atop the
box facing outward toward the infant (rather than
initially being placed facing each other and then
being turned to face the infant as in Experiment 1).
She pointed to the doll(s) and said, “Look at this!”
The dolls were left visible for approximately 2 s,
then were picked up by the experimenter and
inserted into the box. Unlike in Experiment 1, the
dolls never moved contingently with one another,
and did not “speak.” All other aspects of the way
in which infants retrieved objects, the experimenter
withheld objects, and the timing of the measure-
ment periods were as in Experiment 1.

Two- versus four-object block
The two- versus four-object block also was struc-

tured as in Experiment 1 and contained three mea-
surement periods: two objects (none remaining),
four objects (more remaining), and four objects
(none remaining). The experimenter said, “Watch
this” as she placed the dolls in an equispaced row,
positioned so that they faced each other in pairs
(dolls face each other condition), unlike in Experi-
ment 1 in which the dolls were initially placed fac-
ing the infant and then were turned to face each
other. This was done so as to further remove any
cues of contingent interaction between the dolls. As

in the one- versus two-object block, and unlike in
Experiment 1, the dolls did not “speak.” The exper-
imenter pointed to each pair of dolls while saying,
“Look at this!” The dolls remained visible, facing
each other in their affiliative posture (Figure 2f), for
approximately 2 s, after which the experimenter
picked them up and inserted them into the box. All
other aspects of the way in which infants retrieved
objects, the experimenter withheld objects, and the
timing of the measurement periods were as in
Experiment 1.

Searching was coded offline, frame by frame, by
a trained observer who was unaware of testing
condition. A second observer recoded 25% of the
participants, and coder agreement averaged 0.98.

Results and Discussion

One- Versus Two-Object Block

For the one- versus two-object block, we first
examined whether there was any difference in
searching across the two measurement periods
when the box was expected to be empty. We found
that there was not; infants searched equally on one-
object (none remaining; M = 1.93) and two-object
(none remaining; M = 1.90) periods, t(15) = 0.077,
p = .94, and therefore we collapsed these scores.
We next examined whether infants searched longer
after seeing two objects hidden and just one
retrieved (M = 3.28) than when the box was
expected to be empty. As in Experiment 1, we cal-
culated a difference score by subtracting the aver-
age searching times on none remaining trials from
average searching times on more remaining trials.
This difference score was significantly greater than
chance, t(15) = 3.048, p = .01, indicating that infants
successfully continued searching after seeing two
objects hidden and only one retrieved (Figure 3c).

Two- Versus Four-Object Block

Next, we analyzed infants’ searching in the two-
versus four-object block. First, we examined
whether there was any difference in infants’ search-
ing when the box was expected to be empty. We
found that there was not; infants searched equally
on two-object (none remaining; M = 3.10) and four-
object (none remaining; M = 2.23) measurement
periods, t(15) = 1.102, p = .29, and therefore we col-
lapsed these scores. We next calculated a difference
score by subtracting the average searching times on
none remaining trials from average searching times
on more remaining trials (M = 2.43). In contrast to
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the one- versus two-object block, we found that this
difference score did not differ from chance,
t(15) = �0.506, p = .62, indicating that infants who
saw four dolls hidden and only two of them
retrieved did not continue searching the box for the
remaining objects (Figure 3c).

Finally, we examined whether infants searched
differently when presented with social cues that
involved both affiliative stance and contingent inter-
action (Experiment 1) versus cues that involved only
affiliative stance (Experiment 2). We first examined
the one- versus two-object block by comparing the
difference scores of infants in the Experiment 1
Doll 9 Infant interaction condition (in which the
dolls faced and interacted with the infant) to the dif-
ference scores of infants in the Experiment 2 doll(s)
face infant condition (in which the dolls faced the
infant without interacting). We found that infants’
difference scores did not differ across these two
experiments, t(30) = 0.34, p = .74. Next, we exam-
ined the two- versus four-object block by comparing
the difference scores of infants in the Experiment 1
Doll 9 Doll interaction condition (in which the dolls
faced each other and interacted contingently in
pairs) to the difference scores of infants in the Exper-
iment 2 dolls face each other condition (in which the
dolls faced each other in pairs without interacting).
We found that the difference scores for infants in the
Experiment 1 Doll 9 Doll interaction condition were
significantly greater than those of infants in the
Experiment 2 dolls face each other condition,
t(30) = 2.393, p = .02. Therefore, seeing four identi-
cal objects interact contingently within pairs
appeared to significantly benefit infants’ memory.

General Discussion

In two experiments, we examined whether infants
can use their rich social knowledge to restructure
object representations in memory. First, in Experi-
ment 1 we presented infants with arrays of identical
dolls that were either expected to be within their
working memory capacity, or were expected to
exceed it. On half of the trials, the dolls were posi-
tioned in an affiliative posture (facing each other)
and also greeted each other within pairs. On the
other half of the trials, the dolls were positioned
facing outward and greeted the infant rather than
each other. We found that infants succeeded at rep-
resenting one or two hidden dolls regardless of the
types of social cues seen. However, infants only
successfully remembered arrays of four hidden
dolls when the dolls had been seen to face and

interact with each other contingently in pairs before
they were hidden. These results suggest that infants
can use social information to bind representations
of individual objects into larger social units, thereby
increasing the total amount of remembered infor-
mation. Second, in Experiment 2 we examined
whether this ability relied on seeing contingent
interaction between the dolls, or whether the affilia-
tive posture alone was sufficient to motivate chunk-
ing. Here, we found that infants again remembered
arrays of one and two hidden objects even without
social cues. However, infants presented with four
dolls that faced each other in pairs but did not
interact contingently apparently failed to remember
the objects. Although infants are sensitive to affilia-
tive postural information alone (Over & Carpenter,
2009), it appears that seeing the dolls interact con-
tingently was necessary for infants to restructure
their memory representations into chunks.

These results raise a number of questions for fur-
ther exploration. First, we found that infants suc-
cessfully chunked four objects in memory when the
objects had faced each other in pairs and interacted
contingently, but failed to chunk four objects when
the objects had faced each other in pairs without
interacting. However, it remains unknown whether
infants require multiple cues to chunk using social
information, or whether contingent interaction
alone is sufficient. Younger, 7-month-old infants
have been shown to chunk when presented with
multiple redundant cues (i.e., spatial chunking cues
and featural chunking cues, both specifying the
same chunks), but fail to chunk when provided
with either spatial or featural cues alone (Moher,
Tuerk, & Feigenson, 2012). To examine whether
multiple redundant cues are also needed to drive
infants’ chunking using social information, infants
could be presented with arrays of objects that face
away from each other but still interact contingently.
Moreover, it remains a possibility that other types
of agentive stimuli might elicit stronger social rep-
resentations than dolls do, and thus might not
require multiple chunking cues.

Second, it remains unclear whether perceptual
factors may have played a role in infants’ success in
the current experiments. For example, in the
Doll 9 Doll interaction condition of Experiment 1,
the dolls leaned toward each other when interact-
ing, and it is possible that this perceptual informa-
tion induced spatial grouping of the dolls
irrespective of social information. To rule out this
possibility, future experiments could present infants
with cues identical to those presented in the
Doll 9 Doll interaction condition of Experiment 1,
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but with nonagentive objects (e.g., blocks) that were
turned toward each other and emitted nonsocial
sounds in alternation. If construing the objects as
social entities was key to infants’ success in Experi-
ment 1, then infants who see nonagentive objects
emitting nonsocial signals should fail to chunk.

Another open question concerns the socially rele-
vant representations that infants can use to chunk.
The present experiments suggest that infants can
form chunks of two by binding representations of
social entities that engaged in a reciprocal exchange.
Hence, the representation underlying infants’ chunk
formation might be something like “social pair” or
“partners.” It remains unknown whether infants
also can bind more than two individuals per chunk
(but see Rosenberg & Feigenson, 2013), as when
representing multiple individuals based on social
relationships (e.g., members of one family vs.
another; children vs. adults; boys vs. girls). Previous
research shows that infants represent a wealth of
information about a range of different types of
social relationships, including who helps versus
hinders others (Hamlin et al., 2007), who is domi-
nant versus subordinate (Thomsen, Frankenhuis, In-
gold-Smith, & Carey, 2011), and who is part of the
infant’s own linguistic in-group versus out-group
(Kinzler et al., 2007). Future work may continue to
explore the ways in which social knowledge can be
used to structure memory by examining whether
these sensitivities to social relationships affect
infants’ memory for the social agents.

Finally, more work is needed to characterize the
resolution of infants’ chunked representations.
Although chunking objects together based on spa-
tial proximity (Feigenson & Halberda, 2004), cate-
gory knowledge (Feigenson & Halberda, 2008),
statistical co-occurrences between items (Kibbe &
Feigenson, 2013), and social cues (the present exper-
iments) enables infants to remember more objects
than they could otherwise, we currently know little
about the nature of the chunked representations
themselves. Of particular interest is whether a rep-
resentation of a chunk is coarser, or less precise,
than a representation of an individual object. Some
evidence suggests that remembering increasing
numbers of objects, even within the typical span of
working memory, results in a loss of featural infor-
mation (e.g., Alvarez & Cavanagh, 2004; Zosh &
Feigenson, 2012). Chunking objects using social
cues might increase the number of remembered
objects, but at a cost to the resulting representa-
tions. For example, infants might not retain detailed
featural information about the objects that were
chunked (perhaps simply encoding each individual

as “social agent” or “object” rather than remember-
ing information about the individual token or the
basic level kind). Alternatively, chunking on the
basis of social cues might preserve featural informa-
tion in memory. Past work has found a memory
advantage for socially relevant stimuli, with adults
having higher representational resolution for faces
than for nonsocial objects (Scolari, Vogel, & Awh,
2008; Curby & Gauthier, 2007; see also Wong, Pet-
erson, & Thompson, 2008). Future investigation is
needed to better specify how infants’ representa-
tions of a socially relevant chunk differ from their
representations of individual objects.

In summary, the present experiments highlight
the flexible nature of infants’ memory computations.
Although infants’ working memory is capacity lim-
ited, infants can use multiple types of information to
bind representations of individual items into chunks,
thereby increasing memory efficiency. Thus, infants’
knowledge of the social world may affect the struc-
ture of memory.
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